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mACR1NED ROD TO SPUN  Tu61NG 

SAVING 50 % BRASS 

DIECAST TO DRA WN 
SAVING 70 0/0 ALU MINU M 

BRASS INSERT AND SCRE W TO pK SCREW ONLY 

SAVING 100 % BRASS 

GLASS INSULATED  TO FORMVAR 
SPACE FACTOR  SAVING  10 0/0 COPPER 

BLANKFD LAMINATION To  sCRApLEss 

SAVING 35 0/0 SILICON STEEL 

We all know that our greatest problem today lies in 
material shortages. The bulk of this problem . . . and it 
can win or lose the war. . lies in our hands. A waste of 
materials, particularly critical materials, in an engi-
neering design today, is as damnable as sabotage. 

Here are a few cases in our organization: 

1. On one job our redesign combined two pieces 
of apparatus. The resultant unit, while more effi-
cient, is smaller than either of the individual 
units. On the basis of projected requirements, 
the saving in aluminum alone is 500,000 lbs. 

2. On this job our delivery schedule would have 
been delayed five months for the nickel iron 
core material and shielding cases required. Re-
design made possible a unit using silicon core 
material and silicon shields with actually 10 
DB less hum pickup than the original. 

3. In this job substitution of a drawn aluminum 
housing for a die casting effected an aluminum 
saving of 70%. 

DRAWN ALUMINUM TO BAKELITE 
SAVING 100 0/0 ALU MINUM 

Designs must be improved constant-

ly. Take a look at that job you have 
been running and see whether an ex-
truded rod or a spun bushing won't 

save the scrap involved in a screw ma-
chine part. Check with the Govern-

ment Engineering Bureau involved as 
to whether they would not allow a 

change in material to something 
lower on the critical list. You will be 

surprised at their cooperation. 

Only when you can say to yourself, 

-There isn't one of my designs left that 

can be reduced in amount of material 

or to less critical materials,- can you 

feel that your share in the War Pro-

gram is effective. 
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Working Data 
you should have... 
• If you are engaged in radio receiver manufac-
ture, or in the designing, building or maintenance 
of radio transmitters or severe-service electronic 
equipment, you should have this Aerovox data in 
your working library. In addition to the usual stand-
ard radio receiving condensers, Aerovox now lists 
those commercial-type or extra-heavy-duty trans-
mitting capacitors heretofore made in limited 
quantities on special order, in the Aerovox Trans-
mitting Capacitor Catalog, loose-leaf, kept right 
up to date with new pages issued from time to time. 
• Write for Aerovox catalog, on your business 
stationery. • Also be sure you are getting the Aero-
vox Research Worker with its wealth of timely en-
gineering data. It's free—on request. 

Send. ?Ai. Mat_  . . . 
• Whatever your capacitor problem may be, send it to 
us for engineering collaboration, suggestions, quotations. 
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We don't know where you're going, Tom. We don't know when you'll be back. 

But it's got to be soon! 

We know what you're giving up.  Your swell job at the plant, your picnics 

with Jane, the workshop in your basement, your quiet dreams of the future. 

Your life, may be. That's everything you've got. 

It isn't our lot to give as much, Tom. But we're doing 

our best. We're putting everything we've got into speed-

ing the things you need to finish your job. 

Remember, , while you're fighting . 



.. we're fighting, too! 

Thinking about Tom—the hundreds of Toms who waved goodbye at American 
Lava and went to war—makes our seconds precious. So we work around the 

clock, create startling improvements in AlSiMag steatite ceramic insulation, 

devote ourselves exclusively to winning the War. In the process, we continually 
find ourselves saying "no" to the urgent needs of old friends who have bought 

our products for four decades or more.  We regret that.  Today, we answer 

the greater need. 

The ALCO plant was on the first list of 43 awards for excellence in qualify and quantity of war production. 

TRADE 144AIR REGISTERED V S PATENT OffiCI 

AMERICAN LAVA CORPORATION 
CHATTANOOGA,  TE N NESSEE 
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Minus Sound Effects 

If you were receiving radio broadcasts from men in the midst of ear-

splitting battle noises, you'd hear crisp speech undistorted by background 
sound effects. 

Electro-Voice Microphones, in military service, are helping to make 

it possible. Similar microphones, designed to achieve such results, will 

be available for specific commercial applications . .. after our wartime 
job is done. 

Eedatit0-giee MICROPHONES 
ELECTRO-VOICE MANUFACTURING CO., INC.  1239 SOUTH BEND AVENUE, SOUTH BEND, INDIANA 

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



This is the way to win a battle 
in the desert 

Libya and North Africa made it clearer 
than ever: THIS Is A WAR OF SUPPLY. 

In 1918, an American soldier could be 
equipped and maintained on 5 tons of 
supplies each year. 

But today, for every soldier sent 
abroad, 10% tons of shipping space must 
be provided for equipment alone. And it 
takes an additional 18 tons of shipping to 
supply a single soldier for a year! 

Supply is a matter of ships. 

And ships need electricity. 

Vast quantities of electric power, for a 
thousand vital tasks that must be done 
to take a convoy safely across the seas... 

Electricity to steer the vessels and 
operate the radios and signal lights. 

Electricity to detect the approach of 
enemy subs and planes, to sound the 
alarm, to organize the defense. 

Electricity to power great cargo 
winches, and delicate navigating instru-
ments. 

Electricity to make magnetic mines 

Tune in the Westinghouse Program starring 
John Charles Thomas — N BC Network, 
Sunday, 2:30 P. M., Eastern War Time. 

harmless, to provide invisible "black 
light" for reading charts at night. Elec-
tricity to keep food fresh, to cook it, to 
ventilate the ships, to provide comfort 
for the crews. 

Electricity in every freighter, every tank-
er, every Navy escort vessel—to help win 
the war of supply! 

We of Westinghouse take tremendous 
pride in building so much of the elec-
trical equipment, so many of the great 
turbines and gears and electric drives, 
for the ships of America's Navy and 
Merchant Marine. 

Into every piece of that equipment 
go all our "know-how," all our skill, all 
our determination to do our share in this 
war—and if possible, a little more. 

Westinghouse Electric & Manufactur-
ing Company, Pittsburgh, Pennsylvania. 

Westinghouse 
PLANTS IN 25 CITIES — OFFICES EVERY WHERE 

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



NEW GLASS 
mail coupon today for 

NE W CORNS 

MULTIFOR M GLASS 

INSULATION 
REPLACES STEATITE, PORCELAIN AND 

OTHER ELECTRICAL INSULATION MATERIALS 

GLASS CCDE 

GLASS TYPE 

ENGINEERING PR OPERTIES 

DENSITY 
SOFTENING TE MPERATURE 
M AX. OPERATING TE MPERATURE 

LINEAR EXPANSION (0.100 0 
W ATER ABSORPTI ON -24 HRS. 

M ODULUS Of RUPTURE 
— ANNEALED GLASS 

M ODULUS OF RUPTURE 
—SPECIAL PR OCESS 

VOLU ME RESISTIVITY 
LOG R AT  20 C 
LOG a AT 250 C 

LOG R Al 350 C 

S I C —20 C-1 MEG. 
P f  —20 C-1 MEG. 

L F. —20-C -1 MEG. 
'ELECTRIC STRENGTH 

ENGINEERING PROPERTIES OF PYREX it 
111 11111 11111  /90M It   N al  M ettliotve 

Glans 

Les. 114.' X 10'  

Les IN.1 X 10' 

IFORPA GLASS VS. OTHER INSULATING MATERIALS 

Potcelains 

m ktItiIone 
Glatt 

2 10 

425 

32 
< 01 

2 5--2 • 
125O--1400 

93 
I 

4 0  4 0  042 

Oil 
0 it 

0 12  0 44 HIGH 

VOLTS NAIL  >500  >500 

• 1941 
Dora from Rapt er un , M D , Revue's, of Scientific Instruments, vol. 12 . no. 11, S27-534   

OHMS PER 

CM CUBE 0 

0 1 0 
0 40 

>500 

14 
0-14 
9-13 

5 5- 3 5 
0 0) -0 20 
0 is —i 24 

200-300  

2 3-2 5 

1500-1600  

2--i 4 

7-10 

6-8 

5 0-1 5 

0 /0-1 2 
5-9 0 

200-2110 
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INSULATORS... 
free sample and data! 

SHORMGE OF tiltil! 

YOUR PROSIEMS GIVEN 
PROMPT AraNTIO 

ALMOST NO LIMITS ON SIZE OR SHAPE 

TF you need insulators, here's what you've been waiting for! Corn-
' ing Glass Research announces new types of electrical insulators — 
Pyrex brand Multiform Glassware. Its general characteristics in-
clude low loss factor, high dielectric strength, negligible water ab-
sorption, adequate mechanical strength. For example, Multiform 
glass Number 790 (see chart on opposite page) meets requirements 
of U. S. Navy Standard RE-13A-317F. And all Multiform glasses 
comply with the proposed A.S.A. American War Standard on Radio 
Insulation Materials of Low Dielectric Constant. 

The characteristics of these glasses plus Corning's new fabrication 
methods make possible an extremely wide range of shapes and sizes. 
General dimensional tolerances are: large or heavy pieces, intricate 
shapes, hollow cylindrical sections — ± 2.0% or 0.010"; flat plates, 
solid rods, discs, beads, bushings — ± 1.0% or 0.005', except thick-
ness which should be ±4% or 0.005'. 

Best of all, glass-making materials are still fairly plentiful. Pyrex 
brand Multiform Insulators are available NO W! Mail the coupon 
today for a free sample and a descriptive booklet just off the press. 

*  * 

Pyrex brand Multiform Glassware is particularly adapt-
ed to manufacture in such shapes as solid cylinders, 
plates with one or many holes, large heavy-walled arti-
cles, coil forms, hollow cylindrical beads, and many other articles 
in a wide variety of shapes. In size and weight, these insulators run 
the gamut from small beads, several thousand to the pound, to large 
pieces with maximum dimensions up to 15', weighing 25 pounds 
each or more. 

C o r n .„ 

I n S  U 1 ;1  G l a S S  W  
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Independent survey shows that 91 % of FM radio 

set owners would recommend them to their friends! 

Americans want FM radio. Facts show that 
FM has what it takes to win public accep-
tance. An independent, doorbell-ringing con-
sumer survey of hundreds of FM set owners 
proved this beyond any doubt. Overwhelm-
ingly, FM set owners like FM's better tone 

quality, its virtual freedom from static, its 
breath-taking "background of silence"! 

For example: That FM reception is better 
than regular broadcast reception is the con-
viction of 85% of FM set owners. And more 
than half of these classified it as a "great 
improvement"! Some 79% of FM owners 
expressed full satisfaction with their FM 
reception quality. And 91% would recom-
mend it to their friends! 

Proceedings of the 1.R.E.  February, 1943 
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Today there are 600,000 FM receivers in 
use. A good record, considering that from 
the start the production of FM transmitters 
and receivers was handicapped by the de-
mands of war production. 

These facts about FM indicate a trend 
which EVERY BROADCASTER should watch. 
We believe that the growth of FM will be 
rapid throughout the United States after the 
war, replacing many of the present local, 

•••••••••• 

regional and possibly a few of the high-
power stations. Thus a twofold benefit can 
be expected —FM plus better AM reception 
as a result of fewer and possibly more power-
ful AM stations on clearer channels. 

For more detailed information on the FM 
survey, write for the booklet, "What the Con-
sumer Thinks of FM," to Radio, Television, 
& Electronics Department, General Electric 
Company, Schenectady, N. Y. 

FM Broadcast Apparatus • FM Broadcasting • FM Receivers • FM Military Radio • FM Police Radio 

NO OTHER MANUFACTURER OFFERS SO MUCH FM EXPERIENCE 

GENERAL ELECTRIC 
Proceeding.; of the IRE.  Febrwiry, 1') 



we Know a Subject Ourselves or 

said Dr. Johnson... 

We Know Where We Can Find Information About It 

Wise old Samuel Johnson was not, we suspect, 

talking about the electronics industries . . . But 

his statement, like most basic truths, applies 

directly to the increasing search for knowledge 

among executives and engineers in this field. 

Here at I RC you will find a Service and Infor-

mation Center staffed by electronic engineers of 
outstanding ability. 

134emed frey Pe4trustrota 

Their work has two main purposes: — to design, 
perfect and maintain the quality of IRC Resistors; 

to cooperate with you on Resistor applications of 

every nature. Their counsel is scientifically sound 

and scientifically impartial whether they recom-

mend I RC units or some other make. 

If there is a Resistor problem puzzling you, 
you can "find information about it" here. 

Foca ''VaAlree Red terns 

INTERNATION AL RESISTANCE CO MPANY 
401 N. BR OAD STREET • PHILADELPHIA 

Proceedings of the IR E.  February, 1943 



Speed-Up 
War Production 

Testing 
Triplett Portables speed up electrical testing 
with the dependable accuracy that is a vital 

part of war production. 
And whether your particular interest lies in 

laboratory service, production line testing, 
experimental work, field service, or plant 
maintenance, you will find your need pro-
vided for, with exacting and lasting accuracy 
in the expanded line of Triplett portables. 

In the drive of production-line testing, 
Triplett Portables supply the full-scale ac-
curacy, the consistent performance, the hair-
trigger answers that result from the Triplett 
method of safe-guarding quality, by making 
every essential part in the Triplett plant. 
If you, like the writer of the letter 

quoted below, want to back up our armed 
forces with time-saving production prac-
tices, write for complete details on other 
Triplett Portables, panel electrical measur-

ing and test equipment. 

Excerpt from 
letter of a promi-
nent manufac-
t.urer (original 
in our files): 

"With the Ohm Met er  

we  have on order we  can 
do in • • . . seconds, 
what now takes a couple 

of hours." 

For ordiniry ova,urements no corrections are. 
oeresoary for temperature or freouoncy.  When 
great aeeureey i2 2.121222, correct the readings 
55. 'long the fotinwing formslael  where t ary.1 f 

1 

1',....e!'_•—t.T.f..r.4.t...'...n.tirl.N.T. •__r-s Pe...,._.iv-..I.Y1 7 it  Ar 
, strtenee  ...1 1 rrrr ct for To correct for 
Rang  In Int.  ',operator°  peecusn.3...,j. 

tb 
st...2.(2° ,1tIply read- tIpli reidlage 

- •Zr 
—Altiiii.teis ii:iiing rliiii.:—T;;;;;--ii;.;.-y.3 
hould be used mith 0.026 ohm feeds. 

Model 625 
Models 625 D.C. and 635 A.C. Portables 
are unequalled for today's rush in produc-
tion testing or the rigid requirements of 
laboratory checking. These highly attrac-
tive molded case instruments have long 
4.58" hand calibrated mirror scales. The 
hinged cover closes when instrument is 
not in use, for added protection. Black 
molded case for D.C. instruments; A.C. is 
red. Size is 6" x 5%2" x 2%2". Has detach-
able leather strap handle. 

Model 425 
Another new Portable combining attrac-
tive symmetrical case proportions, a long 
readable scale, and requiring a minimum 
of bench space when in use. A real beauty 
in design for those preferring something 
different. Case and base are molded; base 
size 5' x43/8". Model 425 D.C. (3.12" hand 
calibrated mirror scale); Model 435 A.C. 
(2.88"  hand calibrated Mirror scale.) 

THE TRIPLETT ELECTRICAL INSTRUMENT CO. 
BLUFFTON, OHIO 

Proreedingt of the IY.E. February, 1943 



Telephone wire 

coming up 
Here's a bomber inner hurrying 

to load his 50-calibre gun. . . . 

In peace, a lot of that copper 
would have gone into new tele-
phone lines. Now it's needed for 
shooting and Ns inning the war. 

That's why we can't build new lines 
right now. That's why we're saying 
"Please don't place Long Dis-

tance calls to war-busy centers un-
less it's absolutely necessary." 

Thanks for all ) our help and we 
hope you will keep remembering. 

BELL TELEPHONE SYSTEM 

W A R CALLS 

CO ME FIRST 
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1111 COIL FORM DELIVERIES SPEEDED UP 

As a result of the expansion of its rnanu-  —can be fabricated after firing on 
facturing facilities, Isolantite Inc. has  special equipment, thus facilitating 

been enabled to reduce substantially the  assembly of the parts. 
time required for the delivery of ceramic  And in addition, Isolantite offers such 
coil forms for essential applications  advantages as uniformity of product, 
Users of coil forms can profit by this  nonabsorption of moisture, electrical 
improved delivery—as well as by the  efficiency, and high mechanical strength 
unique combination of advantages  —all contributing to dependable equip-

offered by Isolantite*. An outstanding  ment performance. 
feature of Isolantite coil forms is their  Manufacturers needing coil forms for 
high degree of dimensional accuracy.  war equipment applications are in-
Isolantite' s manufacturing processes  vited to discuss their requirements with 

permit exceptionally close tolerances,  Isolantite Inc. 

compared with gen-

eral ceramic re quire-
ments. Certain critical 
dimensions on coil 
forms—and on many 
other Isolantite parts 

CERAMIC INSULATORS 
ISOLANTITE INC., BELLEVILLE, NE W JERSLY 

°Registered trade.oame for the Prochects of Isolantite Inc. 
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..do it the 
BETTER . • . FASTER .-. MORE ECONOMICALLY 

Every day, throughout industry, 
RCA Tubes in modern Electronic 
equipment are helping replace both 
mechanical and human operations 
on a wide variety of tasks. Every 
day, they are making possible new 
standards of accuracy, efficiency, and 
economy—higher than are practi-
cal or feasible by any other method. 
So far-reaching has been this 

industrial  development  of  the 
Vacuum Tube, it is now the rare 
industry which does not already 
utilize various Electronic methods— 
or, by the same token, stand to bene-
fit by the adoption of many more. 

"Do it the Electronic Way" is 
far more than a slogan. It is a di-
rect challenge to every business 

that has exacting work to be done 
still more exactingly. 

The Electronic Way has few or 
no mechanical limitations, is often 
more economical, and provides 
freedom from the annoying element 
of human error! 

As the acknowledged leader in 
the pioneering of Tubes for Radio, 
it is only natural that RCA should 
also lead the way in the design of 
Tubes for industrial uses. A wide 
variety of types, each with a back-
ground of proved dependability, af-
fords a broad engineering selection. 
Write for Power and Special Tube 
Folder TT-100, or Phototube Folder 
PT-20RI to Commercial Engineer-
ing Section, RCA Manufacturing 
Co., Inc., 5th Street, Harrison, N.J. 

RCA te6 aFOR INDUSTRIAL EFFICIENCY 
Low Power  •  Medium Power  •  High Power 

Thyratrons  •  Voltage Amplifiers 
•  Cathode Ray  •  Phototubes 
•  Rectifiers, etc. 

ii 
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Wartime Radio-and-Electronic Engineering Papers 

1 NGINEERS in the radio-and-electronic field are 

1 ir-I vigorously contributing their best efforts toward the ultimate victory of the United Nations. 
Their efforts are indeed one of the keystones in that 
eventual triumph. Insofar as their activities are of 
Military or Naval significance, radio-and-electronic 
engineers must refrain from any mention of their 
work outside of their own restricted and authorized 

circles. 
But some engineers have misinterpreted this correct 

policy as a reason for preparing no papers and publish-
ing no information. This attitude is inappropriate and 
believed not to be in the best national interest. Engi-

neers should not hesitate to prepare and present for 
publication papers containing no information of mili-
tary significance to the enemy. From their work in the 
radio-and-electronic field, it is thought engineers can 
draw many data, descriptions of methods, or informa-
tion on nonmilitary instruments which will be of help 
to their fellow engineers but of no military significance 
to the enemy. 
The Institute of Radio Engineers is highly privileged 

to quote the following communication from an eminent 
military and technical leader, Major General Dawson 
Olmstead, Chief Signal Officer of the Army of the 
United States of America. General Olmstead states: 

"It is, in my opinion, a vital necessity for American engineers to continue 
their valued research and development of radio engineering in private in-
dustry, and to disseminate information that would be helpful to fellow tech-

nicians but which would be of no military value to the enemy. This is quite 
in line with the entire War Department principle of releasing as much in-
formation as is consistent with security. There should be a substantial 
amount of such informational material unaffected by the restrictions that 

wartime imposes. 

"The facilities of this office will be available to you for the review of 
manuscript that is doubtful from the point of view of containing information 

that might prove of value to Axis powers. As you indicate, such papers should 
not be prepared or published. In those isolated instances where doubt exists 
as to the advisability of publishing certain articles, you may count on my 
co-operation in having them properly evaluated. 

"You may, therefore, quote me in the words of your letter of December I 

to the effect that 'Engineers in wartime can to advantage find time to pre-
pare technical papers containing information of no military value to the 

enemy but of assistance to their fellow engineers. The preparation of such 

papers is regarded as being in the national interest.' 

Most sincerely, 

(signed) Dawson Olmstead 

Dawson Olmstead, 
Major General, 

Chief Signal Officer of the Army." 

Patriotic engineers in the radio-and-electronic field 
will be grateful to General Olmstead for a clear and 
constructive definition of policy. They will be guided 
accordingly. The Institute of Radio Engineers will 

welcome the papers which they prepare and submit 
for publication in complete accordance with the policy 

enunciated above. 
The Editor 
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Bell Telephone Laboratories 

W ILLIANI W ILSON 
RECIPIENT, MEDAL OF lioNoR, 1943 

William Wilson was born at Preston, England, on 
March 29, 1887. He received the B.Sc. degree in 1907; 

the M.Sc. degree in 1908; and the D.Sc. degree in 1913 
from the University of Manchester (England). From 
1907 to 1912 he was occupied in research work on elec-
tronic physics at the Universities of Manchester and 

Cambridge in England and Giessen in Germany. From 

1912 to 1914 Dr. Wilson was a lecturer in physics at the 
University of Toronto. Since 1914 he has been with the 
Western Electric Company and the Bell Telephone 
Laboratories. In 1918 he was in charge of the research, 
development, and manufacture of vacuum tubes; in 1925 
he was in charge of radio research and of the development 
and design of the transatlantic radiotelephone equip-
ment; in 1927 he became Assistant Director of Research, 
and in 1934 he was placed in charge of research work 

on problems of wire communication. Late in 1936, 
Dr. Wilson was appointed Assistant Vice President in 

charge of the departments of Personnel and Publication. 

Dr. Wilson joined the Institute of Radio Engineers 
as a Member in 1926, transferring to Fellow grade in 

1928. He was a member of the Board of Directors of the 
Institute of Radio Engineers from 1932 to 1936 and 

served as a member or chairman of numerous Institute 
committees, Awards, Bibliography, Convention, Nomi-

nations, Sections, Papers, Standards, as well as being 
on its Board of Editors. At the Winter Conference meet-
ing on January 28, 1943, Dr. Wilson was awarded the 

Medal of Honor for his achievements in the develop-
ment of modern electronics, including its application to 
radiotelephony, and for his contributions to the welfare 
and work of the Institute. 

Upon his retirement from the Bell Telephone Labora-
tories, Dr. Wilson carries with him the hearty apprecia-
tion and cordial good wishes of his fellow workers and 
the members of the I.R.E. 
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The section of the diagram, in Fig. 1, shown to the 
left of the dotted line is a conventional single-phase--
full-wave rectifier with choke input to the filter. The 
condenser Ca is a condenser of very low capacitance 
which may be used to minimize "hash" if a gaseous 
rectifier is used and R 0 together with R2, Rb, and V2 

serves the purpose of bleeding whatever current may 
be necessary to obtain operation in the "flat" region of 
the rectifier output characteristic. 
The section of the diagram to the right of the dotted 

line comprises the voltage-regulator portion of the cir-
cuit and operates in the manner indicated below. The 
cathode of the pentode V3 is kept at a constant poten-
tial above the negative side of the line by means of the 
regulator tube V2 or any other constant-potential de-
vice. If the resistance Rb is sufficiently large, then the 
over-all tendency of the regulator circuit is to keep the 
voltage E. approximately constant at a value that will 

• Decimal classification: R356.2. Original manuscript received 
by the Institute, September 24, 1942. 
f University of Cincinnati, Cincinnati, Ohio. 
F. V. Hunt and R. W. Hickman, Rev. Sci. Instr., vol. 10, P. 6; 

1939. 

Voltage-Regulated Power Supplies* 
Design and Construction Considerations 

ALEXANDER B. BERESKINt, ASSOCIATE, I.R.E. 

Summary—Power supplies with low regulation have always been 
an important consideration in the electronic and allied fields. This 
naturally dictates the use of voltage-regulated power supplies of the 
types described previously by Hunt and Hickmant and other investi-
gators. 
It is the purpose of this paper to discuss the problems involved and 

to develop an orderly procedure for designing and constructing these 
voltage regulated power supplies for specific applications. The correla-
tion between design data and actual tests on a finished model will also 
be shown. 

OPERATION OF REGULATOR CIRCUIT 

R
EFERENCE to previous literature will show 
that many variations of the basic degenerative 
regulator circuit are available for use but the 

particular version on which this article is based is 
shown in Fig. 1. 

keep the grid voltage of 13 close to the cutoff value. 
Under this condition the grid current of V3 is negligibly 
small and the following relation is established: 

R1 
E. =  •  E0. 

Ri ± R2 

To trace the operation of the circuit, assume first of all 
that the circuit has been previously balanced and that 
then, for any reason whatsoever, there is a tendency 
for E0 to increase. The increase in E0 will produce a 
corresponding increase in E. and the grid of V3 will be-
come more positive, thus increasing the plate current 
in V3. This increase in current produces a greatly am-
plified increase in voltage across R5 and therefore 

Fig. 1 

drives the grid of V4 more negative. This tends to de-
crease the load current and therefore to bring E0 back 
to its original value. If the voltage E0 had decreased 
instead, a reverse of the sequence of events mentioned 
would have taken place. 

DESIGN FACTORS 

In order to simplify the discussion of the factors in-
volved in the design of the regulator circuit, it will be 
broken down into its component parts and each part 
will be discussed independently. 
The fundamental function of the V2 tube is to main-

tain a constant potential (ER) between the cathode of 
Va and the negative side of the line. Since a certain 
amount of current must be bled from the power supply 
anyway, it is convenient to use one of the VR75-30, 
VR105-30, or VR150-30 tubes or a series combination 
of any number of these tubes depending on the voltage 
Eu that is required for V2. Ordinary neon or argon 
"glow tubes" may also be used although there is 
usually considerably more variation in their character-
istics than in those of the standard voltage-regulator 

February, 4943 Proceedings of the I.R.E.  47 
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line of tubes. The use of batteries, while perfectly feasi-
ble, is usually not convenient due to the necessity of 
occasional replacement. Under certain conditions os-
cillations may be started by the regulator tube V2 but 
these can usually be stopped by a condenser C6. This 
condenser is ordinarily not necessary. 

The R6—R7 combination of resistors should be de-
signed to limit the current through 172 to approximately 
the maximum rated value for the maximum value of 
E, that is expected. At the same time, R6 and R7 should 
be proportioned so as to produce the correct value of 
screen voltage for 1'3. In the cases where E, is liable 
to vary between wide limits, it may be desirable to 
use a VR105-30 tube in place of resistor Rg so as to 
maintain a constant screen voltage on I-3. 

The tube V3 and the resistor R6 form a simple direct 
coupled-voltage amplifier whose function it is to am-
plify the voltage applied to the grid of V3 as much as 
possible. Triodes of the 6F5 type can be used for this 
purpose, but their voltage amplification is usually quite 
small compared to that obtainable with the 57-6J7 
family of pentodes. The 57 tubes have been found to 
work quite satisfactorily with Ei voltages of 3700 volts, 
using 0.25 megohm and higher values for R5. (As many 
as eight 2A3 tubes in parallel have been used for 1'4 
with 1 megohm for R6 and 3700 volts for E,.) With low-
voltage operation it is convenient to use the 6J7 or 
6J7G tubes, but with high-voltage operation it is more 
convenient to use the 57 tube because filament trans-
formers with the proper insulation are more readily 
available for this tube. The possibility of using the 
802 transmitting pentode for this purpose, especially 
at the higher voltages, should not be overlooked. 
As explained before, the stable operating voltage Eo 

is determined by the values of the voltage E. and the 
resistors R1 and R2. 

(R1-1- R2)  
E0 =  E.. 

R1 

If it is desirable to have a variable voltage Eo, R1 and 
R2 can be broken up into two fixed resistors R3 and R4 

and a potentiometer R. If the maximum and mini-
mum values of E0 are chosen together with any con-
venient value of R,, then the values of R3 and R4 may 
be calculated in the following manner: 
Since 

and 

therefore, 

(R3+ R,-1- R4)  
Eom..=  E. 

R3 

R3 = 

( R3 +  R p +  R 4) 

R„ ± R3 

R, 

and 
R4 =  R3 

Egmaz  

E. 

The value of E. required in the equations above may 
be estimated very closely by subtracting from ER 
slightly less than the cutoff voltage of V3. As an ex-
ample, if a VR105-30 tube is used for V2, ER is equal 
approximately to 107 volts with 25 milliamperes flow-
ing through it. If a 6J7 tube is used for V3 with a screen 
voltage of about 100 volts, 6 volts on the grid just fails 
to produce cutoff in V3. From these values it can be 
estimated that E. should be about 101 volts. The cor-
respondence between design data using this value of 
E. and the actual voltage ranges obtained, as will be 
explained later, shows that this is a very good ap-
proximation to the correct value. 

If it is desired to have several ranges over which the 
voltage may be varied with the one potentiometer, 
then calculations of R3 and Rg can be made as indi-
cated before for each individual range, and the com-
posite values of R3 and Rg may be obtained by means 
of a multigang selector switch. 
The exact amount of change of Eo that is applied to 

the grid of V3 depends upon the ratio Ri/(Ri-FR2), and 
if this ratio is very small, unreasonably poor regulation 
will result. One good way of increasing this ratio for 
any particular value of Eo is to increase the value of ER 
either by using a different type of tube or else by using 
two or more of the voltage-regulator tubes in series for 
V2. One of the disadvantages of increasing ER is that 
it raises the value of the minimum Eo that it is possible 
to obtain. This limitation will be explained later on. 
The sacrifice in the minimum value of Eo obtainable 
is usually well compensated for by the improved regu-
lation that results. 

Practically all of the variation in Eo due to ripple 
voltage can be applied to the grid of I.3 by shunting R2 

with the condenser C4. The capacitive reactance of this 
condenser should naturally be small compared to the 
resistance R1 at the ripple frequency. If condenser C4 

is used, the regulator circuit will become considerably 
more sensitive to periodic variations of Eo at ripple and 
higher frequencies than to other variations. 
While there are several types of tubes that can be 

used for Vg, the most satisfactory one appears to be 
the 2A3 due to its large current-handling capacity 
and exceedingly low plate resistance. The operation of 
this tube in voltage-regulator circuits usually carries it 
into the region beyond that required for ordinary am-
plifier operation and for this reason a set of plate 
characteristics for one of these tubes, up to 950 volts 
on the plate, is shown in Fig. 2. Since the permissible 
plate dissipation on the 2A3 tubes is not ordinarily 
specified by the tube manufacturers, a test was run on 
one of the modern types of this tube. It was found that 
the plates began to show a visible glow in a dark room 
when the plate dissipation attained a value between 35 
and 40 watts. It is concluded from this test that it 
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should be permissible to design the circuit, for voltage-
regulator operation, using maximum plate dissipations 
on the 2A3 tubes of about 25 watts. 
It is very often found that the full desirable range 

of the voltage regulator cannot be attained without 
exceeding the maximum permissible plate dissipation 
of the 1/4 tube. This problem can be very easily over-
come by connecting two or more of these tubes, as may 
be required, in parallel. In order to avoid parasitic 
oscillations that may develop between the parallel 
tubes, it may be desirable to connect a small amount 
of resistance in series with the individual plates or 
grids of the tubes. 
If the use of several tubes in parallel for V4 is still 

not sufficient to cover the desired voltage variation, or 
if a closer control oT the voltage is desired, then it may 
be convenient to split the over-all voltage range into 
minor ranges and to change the transformer input volt-
age suitably when the ranges are changed. 
For any combination of this regulator circuit there 

is a definite minimum output voltage which can be ob-
tained and which depends to a large extent upon the 
values of ER, Ei, and the plate current for the individ-
ual 1/4 tubes. The manner of estimating this voltage 
can best be shown by the following example: assume 
ER to be 100 volts and Ei to be of such a magnitude 
that the plate voltage of the tube V4 is 600 volts, and 
find the minimum value of Eo for a current of about 1 
milliampere through the individual 2A3 tubes used for 
1/4. Reference to Fig. 2 shows that the voltage of the 
grid of V4 must be 160 volts negative with respect to 
its cathode. Assuming as an extreme case that the 
plate voltage of V3 is only 20 volts, this means that the 
cathode of V4 must be 100+20+160 =280 volts above 
the negative side of the line and, therefore, any further 
adjustment of the RI — R2 combination tending to re-
duce E0 will only drive the grid of V3 positive without 
reducing Eo. In choosing the minimum value of E0 re-
quired on the lowest range, therefore, care should be 
taken that this voltage is not less than the niinimum 
voltage permitted by the circuit. As mentioned before, 
it is usually desirable to sacrifice some of the minimum 
value of Eo obtainable in favor of improved regulation 
by increasing the value of ER. 

if the minimum current involved in the above prob-
lem were greater than 1 milliampere, there would be a 
corresponding decrease in E„ the plate voltage of the 
14 tube, and the grid voltage required on this tube. All 
01 these changes would tend to reduce, slightly, the 
minimum voltage obtainable. For this reason it would 
be desirable, in practice, to bleed a small amount of 
current on the output side of the regulator circuit in 
addition to that bled by the RI —R2 combination. A 
voltmeter across the output terminals would help from 
this point of view and also would indicate the correct 
output voltage at all times. 
A discussion of the rectifier circuit would not nor-
mally be in the province of this paper, but since the 

ability of the regulator to maintain a constant output 
voltage depends on the burden placed on it, a short 
review of the factors that improve rectifier regulation 
will be given here. 
It is a well-known fact that the regulation of a rec-

tifier with a choke input filter is superior to that ob-
tained when a condenser input filter is used. In order 
to obtain these benefits, however, it is essential that 
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operation of the circuit be limited to the "flat" por-
tion of the output characteristic. Operation along 
this portion of the curve can be insured by a cor-
rect proportioning of the first choke and the over-
all bleeder current (minimum current drawn from 
the rectifier) so that the inductance of the choke 
L =EifibtooderX 1/1131 henries. It might be well to 
point out here that this is the inductance required at 
the actual operating conditions and not the inductance 
at zero direct current as rated by some of the manu-
facturers. As mentioned before, the bleeder current is 
made up of the currents through RB, the R1—R2 com-
bination, the R7 — R6 —  V2 combination, and any other 
permanent load that may be connected across the line. 
In the case of high-voltage operation the relative 

values of L and C1 may be such that the ripple voltage 
appearing at E1 is several hundred volts and this natu-
rally would place a large burden on the regulator cir-
cuit. In these cases it is usually convenient to use a 
two-stage choke-input filter with a swinging choke in 
the first stage and a smoothing choke in the second 

stage. 
The selection of rectifier tubes, of course, depends on 

the various currents and voltages desired. In the low-
voltage range high-vacuum tubes find high favor while 
in the high-voltage range tubes of the 866A type are 
indicated. Whenever gaseous tubes are used it is de-
sirable to use a condenser C3 of about 0.01 to 0.05 
microfarad to eliminate the majority of the "hash" 
originating when the gas tubes "break down." 
It is highly desirable, especially in high-voltage ap-

plications, that the plate transformer used have as 
good a regulation as possible and that the filter chokes 
have a low direct-current resistance. 
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The voltage required on the secondary of the plate 
transformer may be readily estimated in the following 
manner: 

direct output voltage of rectifier tubes = maximum 
output voltage required 

+plate voltage of 174 at maximum current per 
tube (assuming E.= —20 volts as a safety fac-
tor) 

+direct volta0 drop in filter at maximum cur-
rent value. 
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DESIGN AND CONSTRUCTION COMPARISONS 

Low-, medium-, and high-voltage power supplies 
have been designed by the author on the basis of the 
analysis presented in this paper and a very satisfactory 
correlation has been found bet %Veen the design data and 
the actual performance in all cases. Fig. 3 is the circuit 
diagram of a medium-voltage-regulated power supply 
designed to deliver up to 200 milliamperes in a voltage 
range from 250 to 1350 volts. 
The complete range was designed to be covered in 

R,2 

If 

.5 

V 9 

/0 

Fig. 3 

If gaseous rectifiers are used, the voltage drop across 
these tubes can be neglected and, correcting for form 
factor, the full-load secondary voltage of the plate 
transformer to center tap should be 1.11 X (direct out-
put voltage of rectifier tubes). In order to compensate 
for the regulation of the transformer, the no-load value 
of the secondary voltage to the center tap should be 
taken as being about 5 per cent higher than the full-
load value unless more definite information is avail-
able. 
If several ranges of voltage are required, a tapped 

autotransformer may be used to provide the correct 
transformer secondary voltage for each range and the 
taps of the autotransformer can be changed on the 
multigang selector switch used to change voltage 
ranges. In order to catch unavoidable circuit changes 
that may occur, it is usually desirable to check the 
design values of the voltage taps with the actual values 
required, before winding the autotransformer. 

four uniform overlapping ranges as shown in Table I 
(values taken at no load): 

TABLE 

-  - 

Range 

2 
3 
4 

Design  Actual 

E e .in 

250 
500 
750 
1000 

17:  '111/12 

n00 
850 
1100 
1350 

1E0.10  Emax  
295 
503 
750 
991 

603 
835 
1080 
1320 

It can be seen from Fig. 3 that the range switching 
is obtained by means of a three-gang—four-position 
selector switch and that a separate input voltage is 
supplied to the plate transformer from a tapped auto-
transformer on each range. It was essential to change 
the input voltage on each range in order to avoid ex-
cessively large plate dissipations on the 2A3 tubes 
when the power supply was used on the lower ranges. 
The design and actual values of voltage of the auto-
transformer taps are given in Table II. The design 
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values for the voltage of the autotransformer taps were 
perfectly satisfactory in all cases, but the values ac-
tually used were increased slightly to compensate for 
line-voltage fluctuations. This increase was permissible 
in all cases because the number of 2A3 tubes used was 
conservatively chosen for a maximum plate dissipa-
tion of only 18 watts on each tube, and the slight addi-
tional plate dissipation could cause no trouble. 

TABLE 11 
VOLTAGE OF AL7TOTRANSFORMER TAPS 

Range 
Preliminary  Actual 
Design  I  Values Used 

2 
3 
4 

65 
85 
105 
125 

68 
88 
108 
128 

The actual proof of the effectiveness of the regu-
lated power supply depends, of course, on how constant 
the output voltage can be kept with variations in load 
current. The values for the maximum and minimum 
settings of the third range, shown in Table III, are 
typical of all the ranges and were considered to be 
satisfactory for all practical purposes. The output rip-
ple voltage obtained in the above tests was in all cases 
negligibly small. 

Lb. (ma) 
E. (volts) 

TABLE III 

Maximum Setting of Range 3 

7  18  28  82  132  185 
1080  1080  1080  1080  1079  1078 

Minimum Setting of Range 3 

id, (ma)  5  13  22  59  131  202 
E. (volts)  750—  750—  750—  749  748  748 

Eight 2A3 tubes were used in parallel for control 
purposes and, as mentioned before, the maximum plate 
dissipation per tube was conservatively designed to be 
only 18 watts. The resistors R12  R19, connected in the 
plate circuits of the individual 2A3 tubes, are each a 
100-ohm, 1-watt carbon resistor and are for the pur-
pose of eliminating any tendency towards parasitic 
oscillations that may exist in the circuit. 
The condenser C1, connected from the center tap of 

the VI — V2 filament transformer to the center tap of 
the plate transformer, is a 0.015-microfarad condenser 
and is intended to reduce the "hash" that is present 
when rectifier tubes of the 866A type are used. The 
effect of this condenser is negligibly small as far as the 
"choke input" filter is concerned. 
In all high-voltage applications, and especially where 

gaseous rectifiers are used, it is desirable to bring the 
filaments up to normal operating temperatures before 
the plate voltage is applied. It is also desirable to turn 
off the plate voltage before the filament power is re-
moved. This point is taken care of by the stepped 
switch S which closes the filament circuit first and the 
plate circuit next, reversing the process when the 
switch is opened. A time-delay relay could be used with 
equal success for this purpose. 

It can be seen from the circuit diagram that the posi-
tive side of the line has been grounded. This is the nor-
mal operating condition for many of the high-voltage 
applications, but the negative side of the line could 
have been grounded instead if the operation had re-

quired it. 
In order to allow static charges that may build up 

between the alternating-current line and the regulated 
power supply to leak off, and to minimize slight line 
disturbances, it is desirable to have a resistance-
capacitance combination as indicated by C6r C7r R2i, 

and R22. 

CONSTRUCTIONAL CONSIDERATIONS 

In the case of low-voltage—low-current regulated-
power supplies, it is quite convenient to place the 
whole rectifier and regulator on one chassis. When 
higher voltage and current combinations are required, 
the use of a single chassis becomes inconvenient and 
the use of a rack with two decks offers definite advan-
tages. In this case the rectifier circuit and most of the 
heavy filtering equipment can be placed on the lower 
deck, while the comparatively lightweight regulator 
equipment can be placed on the upper deck. Connec-
tions between the two decks can be obtained by means 
of a multiple-conductor cable and a plug and socket. 

CONCLUSIONS 

In summarizing, a sequence of design steps may be 
pointed out although the order of the sequence need 
not be followed rigorously. Referring to Fig. 1: 
1. Choose maximum and minimum output voltage 

required and subdivide into several ranges, if desired, 

with a generous amount of overlap. 
2. Considering the voltage ranges chosen in step 1, 

decide upon the type and number of control tubes V4 
required in parallel within their permissible plate dis-
sipation. If the number of tubes required is unreason-
ably large, a revision of the choice in step 1 may be 

necessary. 
3. Upon the choice of suitable tubes V2 and V3 and 

potentiometer Rp, calculations can be made to deter-
mine the required values of R3 and R4 for each of the 

ranges chosen in 1. 
4. Choose the values of the resistors R5, R6, and R7 

with special attention to the possibility of using a 
voltage-regulator tube in place of R6 if Ei is varied 
appreciably for the various ranges. 
5. Choose appropriate values of L and RB to insure 

operation on the "flat" region of the rectifier output 
characteristic for all ranges. 
6. Choose appropriate values of CI, C2, and C4 de-

pending on the maximum voltages expected, and if 
the ripple-voltage input to the regulator circuit is too 
high, an additional filter stage should be added. 
7. Upon choosing appropriate tubes for V1 calculate 

the secondary voltage required on the plate trans-
L. former for the particular range involved and, if 



necessary, supply the primary of the plate transformer 
from a tapped autotransformer. 
8. If gaseous rectifiers are used, choose a suitable 

value for C 3. 

9. Add any refinements to the circuit that the par-
ticular application may demand. 

10. Provide appropriate physical arrangement of 
parts on a chassis being careful to furnish adequate in-
sulation where required. 
The above procedure may be revised appropriately 

if a specific plate transformer is available and it is 
desired to obtain optimum performance from it. 

The Measurement of Transcription-Turntable 
Speed Variation* 
H. E. ROYSt, ASSOCIATE, I.R.E. 

Summary—Speed constancy or freedom from speed fluctuation 
("wows") is becoming more important due to the widespread use of 
records in radio broadcasting. Equipment of a simplified nature which 
will evaluate the wow content as a single figure is needed for standard-
ization purposes. Some of the existing equipment is reviewed, and the 
importance of having a meter with proper ballistic constants for measur-
ing the wow content is shown. 

ECAUSE of the increase in the use of transcrip-
tion and home-phonograph records in the radio 
broadcasting field, it is becoming more impor-

tant to maintain high standards of disk reproduction; 
one of the requirements of faithful reproduction is 
that of maintaining a constant speed of the reproduc-
ing turntable. It is not only necessary that the average 
speed as indicated by an ordinary speed-measuring 
device be the same as that of the recording turntable 
in order to maintain the correct pitch, but it is impor-
tant that any instantaneous deviations from this aver-
age speed be kept at a minimum, for it is these devia-
tions, heard as "wows," that are particularly objection-
able. 

As perceived by ear, the effect of these deviations 
from average speed depends upon the percentage 
change and the rate of variation. Published data' have 
shown that pitch variations as low as 0.3 per cent are 
detectable by ear in a 1000-cycle tone when the varia-
tions occur at rates of 1 to 3 cycles per second. If the 
cycle of pitch variation is either faster or slower, the 
ear becomes less sensitive to pitch changes. The above 
tests were conducted with earphones and so independ-
ent of the acoustic characteristics of the room. Al-
though a dead room has little effect, a live room 
increases the apparent sensitivity to pitch changes, 
because of an amplitude pulsation created by shifting 
of a standing-wave pattern.2.3 This amplitude pulsa-

• Decimal classification: 621.385.97. Original manuscript re-
ceived by the Institute, June 26, 1942. Presented, Summer Con-
vention, Cleveland, Ohio, June 29, 1942. 

t RCA Manufacturing Company, Indianapolis, Indiana. 
E. G. Shower and R. Biddulph, "Differential pitch sensitivity 

of the ear," Jour. Acous. Soc. Amer., vol. 3, pp. 275-287; October, 
1931. 

2 T. E. Shea, W. A. 1MacNair, and V. Subrizi, "Flutter in sound 
records," Jour. Soc. Mot. Pic. Eng., vol. 25, pp. 403-415; Novem-
ber, 1935. 

3 W . J. Albersheim and D. MacKenzie, "Analysis of sound film 
drive," Jour. Soc. Mot. Pic. Eng., vol. 37, pp. 452-454; November, 
1941. 

tion, however, is not considered too objectionable as 
it is often purposely introduced by the musician, and 

known as tremolo, and so it is believed justifiable to 
use the earphone data in considering pitch variations 
only. At low rates of variation the change is perceived 
directly as a pitch variation, and at rates such as once 
around of the turntable at 78 revolutions per minute, 
the variation resembles so much the spoken sounds 
"wow-wow," that the word "wow" is generally used to 
denote such speed variations. As the rate of variation 
is increased it is heard as a flutter and, finally, all sense 
of pitch variation is lost; but if a constant-note record 
is reproduced, sidebands not harmonically related will 
be heard. The presence of this distortion can be ex-
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Fig. 1—Method of making wow measurements. 

plained theoretically as resulting from frequency mod-
ulation produced by the variation in speed.".' 
Realizing the importance of wow-free turntables for 

record reproduction, the National Association of 
Broadcasters in its standardization program is under-
taking the task of setting wow limits on disk recording 
and reproducing equipment. Since equipment and 
methods of measurement must be established before 
limits can be set and maintained, the writer, as a mem-
ber of the standards subcommittee, has undertaken a 

' E. W. Kellogg and H. Belar, "Analysis of the distortion re-
sulting from sprocket hole modulation," Jour. Soc. Mot. Pic. Eng., 
vol. 25, pp. 492-502; December, 1935. 
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review of some of the existing wow-metering equip-
ment. One of the first wowmeters was designed about 
1929 by NI. S. Nlead of the General Electric Company 
for testing sound film reproducers. A few years later, 
the writer developed equipment based on the same 
principle of operation for measuring turntable-speed 
variations. For these measurements (Fig. 1) a 1000-
cycle signal reproduced from a constant-note record on 
a turntable was amplified and applied across a circuit 
tuned to a frequency slightly higher than the record 
frequency so that operation was on one side of the 
resonance curve.Thus,whenever the turntable speeded 
up and increased the frequency from the constant-note 
record, the voltage across the tuned circuit increased, 

Fig. 2—Magnetic tone wheel and pickups. 

and whenever the turntable slowed down and the fre-
quency decreased, the voltage across the tuned circuit 
decreased. In this way the frequency-modulated signal 
due to variations in turntable speed was converted 
into an amplitude-modulated signal. This amplitude-
modulated signal was then rectified, the 1000-cycle 
carrier filtered out, and the modulation corresponding 
to the variations in turntable speed measured by ob-
serving the deflection of a galvanometer light beam. 
The equipment& now in use in RCA laboratories for 

studying the action of turntables is basically the same 
but has been improved in many respects. Two tuned 
circuits are now used, one tuned above the operating 
frequency and the other below. This provides a push-
pull arrangement which smooths out and extends the 
operating range, besides making the equipment rela-
tively insensitive to the voltage changes that accom-
pany the frequency variations when a velocity-re-
sponsive pickup is used. 

6 E. W. Kellogg and A. R. Morgan, "Measurement of speed 
fluctuation in sound recording and reproducing equipment," Jour. 
Acous. Soc. Amer., vol. 7, pp. 271-280; April, 1936. 

In place of records which wear out and vary in wow 
content among pressings, making it hard to duplicate 
results, a magnetic tone wheel is used. This tone wheel 
(Fig. 2) consists of a number of laminations with 
machined teeth around the periphery, clamped to-

Fig. 3—Amplifier and equipment. 

gether in the rim of a cast aluminum wheel. Two 
pickups are mounted diametrically opposit. to each 
other on a bridging structure which is supported from 
a spindle centrally located on the tone wheel. These 
pickups have pole pieces with corresponding teeth and 
are separated from the tone-wheel laminations by a 
small air gap. The output coils are connected in series 
and the pole pieces are carefully adjusted for equality 
of phase and amplitude. As a result of the carefully 
planned and executed design, errors due to construc-
tion and misalignment during setup have been reduced 
to a minimum and measurements are readily dupli-
cated. The tone wheel is used at both 78 and 33.3 
revolutions per minute, the resulting frequency at the 
latter speed being 426 cycles per second and the 
former 1000 cycles. The tuned circuits may be ad-
justed to operate at either frequency. As before, meas-
urements are made by observing the deflection of a 
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galvanometer light beam and oscillograms or wow-
grams of the speed variations are usually made. 
A picture of the amplifier and associated equipment 

mounted in a portable cabinet is shown in Fig. 3. A 
film drum used for taking the wowgrams may lw seen 
on top of the cabinet and the motor used to drive it is 
mounted on the side of the amplifier case. 
The curves for static calibration of the equipment 

at 426 and 1000 cyclfes per second are shown in Fig. 4. 
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Fig. 5—Response to rate of wow variation. 

Note that in both cases the calibration is linear for a 
range of about +1 per cent. This range has been found 
adequate for most measurements. 

Fig. 5 shows the response of the equipment to rate 
of variation of the wow. The loss of response at the 
higher frequencies for the 426-cycle carrier is due to 
the low-frequency cutoff of the filter necessary to 
eliminate the carrier. 

Fig. 6 shows some typical wowgrams. The record 
covers a period of approximately 5 seconds. Note that 
the wave shape is irregular and complex. It is possible 
to pick out the frequency of the wow components and 
measure their amplitudes and, knowing the frequency 
of the rotating parts of the driving system, determine 
which part is causing excessive wow. 

Fig. 6—Typical wowgrams. 

The equipment which has been described was made 
up primarily for laboratory and diagnostic purposes 
and not to evaluate the wow content in terms of a 
single figure of merit. Where an over-all measurement 
is wanted, equipment of a simplified and less expensive 
nature would be more desirable. 
There are a number of wowmeters or flutter bridges 

in use which give an approximate root-mean-square 
value of the deviations in speed, and it is believed that 

this type of instrument is more suitable for the broad-
caster's application. An instrument of this type has 
been described by Scoville.6 
Fig. 7 shows the circuit of a simple instrument of the 

bridge-circuit type used extensively by the RCA serv-
ice department. In operation the capacitor-inductor 
branch is tuned to the average carrier frequency and 
any departure therefrom unbalances the bridge and so 
registers on the meter. A band-pass filter in the input 
circuit eliminates harmonics and low-frequency dis-
turbances such as hum, which would otherwise affect 
the reading of the meter. 

With the bridge balanced, a deviation in frequency 
either way causes an increase in voltage across the 
output terminals and so imparts a double-frequency 
swing to the meter. The ballistic constants of the 
meter are important where 1(1w wow rates correspond-
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Fig. 7—Bridge-circuit type of wowmeter. 

ing to once around at 331 and 78 revolutions per 
minute, or approximately  and 1.3 cycles per sec-
ond, are involved. 

If the meter is so designed that the deflection of the 
needle is proportional to the square of the current, it 
might be legitimate to take the estimated average de-
flection as an indication of the magnitude of the root-

mean-square flutter or wow, but in practice such an 
estimate is difficult and unreliable unless the swings 
are quite small compared with the average deflection. 
If the meter needle resonates at the wow frequency, 
the swings may become so large that it is out of the 
question even to estimate a fair average deflection. 
Tests were made, and the results given in Fig. 8 

show the maximum and minimum swing of the pointer 
with varying wow rates for a vu meter, used for meas-
uring volume levels, a rectifier type of microammeter 
and a thermocouple meter. It would be difficult to 
read either of the rectifier meters accurately at these 
low wow rates due to excessive swinging of the pointer 
and the reading would be an indication of the meter 
characteristic rather than the wow. 

A rectifier meter with a lower mechanical resonance 
and increased damping was obtained and the results 

° R. R. Scoville, "A portable flutter-measuring instrument," 
Jour. Soc. Mot. Pic. Eng., vol. 25, pp. 416-422: November, 1935. 
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are shown in Fig. 9, along with those obtained with the 
vu meter. The swing of the pointer of this meter is 
small enough to permit a fairly accurate estimate of an 
average reading, which is representative of the wow 
rather than of the meter characteristics. Either a tone 
wheel or a record can be used for generating the carrier 
signal. A record would include the effects of vibration 
of the pickup, since any to-and-fro sliding motion of 
the stylus in the groove due to vibration of the tone 
arm produces a wow the same as does irregular turn-
table rotation. A tone wheel, such as the one described, 
with balanced pickups supported by a spindle on the 
tone wheel, is relatively unaffected by vibration, does 
not have to be carefully centered on the turntable, and 
is especially suitable for measuring pure speed varia-
tions. A record gives a more representative over-all 
measurement of general turntable performance, but 
suffers the disadvantage of wearing out and introduc-
ing errors due to recording and processing. 
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The fact that wow meters in use in RCA laboratories 
gave results in the form of oscillograms resulted in the 
practice within the company, and later outside, of ex-
pressing the wow content as a single figure in terms of 
peak-to-peak values. That is, the difference between 
the maximum and minimum speeds attained during 
the period covered by the oscillogram (6 seconds) is 

expressed as a percentage of the average speed. This is 
a convenient, but perhaps not an ideal, means of ex-
pressing the wow content, since it gives equal rating 
both to a speed variation which only occasionally 
reaches the peak value and to a periodic variation of 
the same peak value. The wowgrams in Fig. 6 illustrate 
this point. The peak-to-peak value in both cases is the 
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Fig. 9—Meter response with well-damped meter. 

same, but the average is quite different. It FCCMS rea-
sonable that the wow obnoxiousness depends upon the 
duration of the deviation from the average speed, 
within limits of course, and upon the amplitude or per 
cent of deviation. It is believed that the obnoxiousness 
is not a linear function of the amplitude or percentage 
deviation, but increases at some rate greater than the 
first power. If this is true, then a root-mean-square 
reading would probably be a good way of expressing 
the wow content as a single figure. For a true root-
mean-square reading, a thermocouple meter should be 
used, since wowgrams show the speed variation to be 
complex and far from a simple sine variation. A ther-
mocouple, however, is delicate and does not readily 
withstand overload, so a more rugged type of meter is 
desirable. An approximate root-mean-square value as 
obtained with a rectox meter would probably prove 
satisfactory for all practical purposes. The ballistic 
characteristics are important and should be standard-
ized to insure comparable readings. 



Loop Antennas for Aircraft* 
G EOR GE F. LEVYt, ASSOCIATE, I.R.E. 

Summary— While the theory of operation and the procedure for 
measurement are similar for all loop antennas, the electrical and me-
chanical design of aircraft loop antennas differs considerably from 
that of the other types. In this paper those characteristics, requirements, 
and design considerations which are associated uniquely with aircraft 
loop antennas operating in radio range or beacon band extending from 
200 to 400 kilocycles will be discussed. 
In the case of aircraft loop antennas it is necessary to satisfy three 

important requirements. The first requirement is that a loop antenna 
form a highly efficient portable antenna; the second, and most impor-
tant requirement, is that the loop be capable of being used as an accurate 
direction finder; and third, an electrostatically shielded loop antenna 
is an effective way of decreasing precipitation or snow static which is 
quite bothersome to radio reception on aircraft.1.2 

The "low-impedance" and the "high-impedance" types of air-core 
aircraft loops are considered in detail. Both types are analyzed mathe-
matically on the basis of their receiving efficiency and directive proper-
ties. Actual polar-characteristic curves are given for a number of loop 
antennas of both types. Iron-core loop antennas which have been used 
quite extensively abroad are considered separately and comparison is 
made with the more widely used air-core types. 

INTRODUCTION 

iN ORDER to receive signals the loop must, of course, be placed outside of the fuselage in the case 
of all-metal airplanes, and it is desirable to place 

it outside the metal framework in the case of fabric-
covered airplanes. Mounting it away from the fuselage 

Fig. 1—Icing of a loop antenna. 

puts the loop antenna into the air stream where it 
presents an appreciable aerodynamic drag on the air-
plane and is itself subjected to a considerable distortive 
force. When commercial aircraft speeds of over 200 
miles per hour are considered, this drag represents a 
substantial loss of horsepower. Icing of the loop an-

* Decimal classification: R525. Original manuscript received 
by the Institute, March 30, 1942; revised manuscript received, 
November 23, 1942. Presented, Winter Convention, New York, 
N. Y., January 12, 1942. 

Communications Engineer, United Airlines, Chicago, Illinois. 
H. K. Morgan, "Rain static," PROC. I.R.E., vol. 24, pp. 959-

963; July, 4936. 
2 H. M. Hucke, "Precipitation static interference on aircraft and 

at ground stations," PROC. 1.R.E., vol. 27, pp. 301-316; May, 1939. 
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tenna under certain conditions further complicates the 
problem. Fig. 1 clearly shows a moderate accumulation 
of ice on a typical aircraft loop antenna. Thus it has 
been found that drag and icing considerations limit the 
size of rotatable loops having self-contained shielding 
to a maximum diameter of about 12 inches. 
Another method is employed to reduce aerodynamic 

drag and icing and at the same time relieve the loop 
antenna itself of strain, and that is to use a streamlined 
housing over the loop. Example of such construction is 
illustrated in Fig. 2. The electrostatic shield may be 

Fig. 2— Streamlined loop-antenna housing. 

made a part of the loop or may be incorporated in the 
housing. Removing the shield from close proximity to 
the loop winding will result in a substantial improve-
ment in the Q of the loop antenna. 
In addition to aerodynamic drag and icing, the prob-

lem of moisture absorption is also present. This prob-
lem is very important as it directly affects the electrical 

performance of the loop antenna by lowering the Q of 
the loop and its connecting transmission line. The 
moisture problem is greatly aggravated by the changes 
in altitude and hence, changes in pressure to which the 
loop is subjected. To maintain the Q at its maximum 
value under all kinds of flying conditions requires the 
hermetical sealing of the loop antenna and the con-
necting transmission lines. 

The remaining mechanical problem to be considead 
in the design of loop antennas is that of rotating and 
indicating mechanisms. The loop gear box, besides 
satisfying certain mechanical requirements, must also 
possess certain electrical characteristics. It is very es-
sential that the parallel capacitance presented by the 
gear box be as small and low-loss as possible. 

Aircraft loop antennas can be definitely divided into 
two types which have come to be commonly called, in 
aircraft loop parlance, the "low-impedance" loop and 
the "high-impedance" loop. The main distinguishing 
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feature is the number of turns employed in the wind-
ing. The low-impedance-loop winding generally runs 
anywhere from four to twenty turns, whereas the high-
impedance-loop winding may run from twenty to as 
high as seventy turns. The constructional details of a 
typical low-impedance loop are illustrated in Fig. 3. 
Because of the difficulties of hermetically sealing high-
impedance loops and of constructing and installing 
low-loss and low-capacitance transmission lines, high-
impedance-loop ins.tallations are rarely used  on 
transport and military aircraft. 

SIGNAL PICKUP CHARACTERISTICS OF AIRCRAFT 
LOOP ANTENNAS 

Consider now the electrical aspects of the high- and 
low-impedance-loop systems. In the high-impedance 
case the loop has sufficient inductance so that it is 
always tuned to the incoming frequency by a condenser 
connected directly across it. By simple series-circuit 
analysis, as shown in Fig. 4, it can be seen that the 

0 A' A 16,0t /f/Arq 

Fig. 4— High-impedance-loop input circuit. 

h=effective height of loop in meters 
e= field strength in millivolts per meter 
Co=distributed capacitance of loop 

e = he 
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voltage appearing across the condenser C is equal to 
Qe or directly proportional to the Q of the loop. It is 
desirable to obtain a very high value of loop Q for two 
reasons. A high input voltage will be obtained to the 
radio-frequency amplifier, and by virtue of the higher 
radio-frequency grid voltage, the signal-to-noise ratio 
of the receiver will be increased. In order fully to 
realize the advantages of a high-impedance loop, the 
loop is fed directly into a radio-frequency amplifier, 
which is located very close to the loop. The output of 
the amplifier may then be connected to the remainder 
of the receiver through a low-impedance, low-loss 
transmission line. If it is desired to couple the loop to 
the receiver with a high-impedance line, the line neces-
sarily must be short and fixed in length for all instal-
lations. The losses in the line and its capacity will 

decrease the Q of the loop, and reduce the available 
tuning range, respectively. Alternatively, if an attempt 
is made to match the tuned loop circuit to a low-im-
pedance transmission line, it will be found that the 
voltage step-up obtained by virtue of the high Q of the 
loop will have disappeared. 

If it is desired to couple the loop to the receiver via a 
low-impedance line without an intervening amplifier, 
then the best arrangement is to use a low-impedance 
loop connected directly to a low-impedance concentric 
transmission line with a matching transformer at the 
receiver input. Fig. 5(a) shows the actual physical 
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Fig. 5— Low-impedance-loop input circuit 

(a) —Actual circuit of a low-impedance-loop system. 
(b)—Simplified circuit of a low-impedance-loop system. 
(c)—Equivalent circuit of a low-impedance-loop system. 

circuit of a low-impedance-loop system. Mathematical 
analysis of this circuit is considerably more involved 
than that of the high-impedance case and numerous 
engineering approximations must be made. This dia-
gram may be simplified to Fig. 5(b) by considering the 
transmission line as equal to a lumped capacitance CL. 
The series inductance and resistance are very small 
and may be neglected. This approximation is permis-
sible because the line is very short as compared to the 
wavelength. 

By Thevenin's theorem, the voltage impressed across 
the primary of the transformer of the simplified circuit 
is 

E = 

Ro  jcoLo — 
where Cr = Co + Cc.  (1) 

Rationalizing and combining terms, (1) becomes 
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1  1 )  jR0 
— — (coLo    
oCr  6:CT I  oCr 

E = e  (2) 
1 )2 

Ro2 + (oLo    
0;CT 

By substituting actual circuit constants used at the 
frequencies being considered, it is found that R02 and 
Ro/wCT are very small and can be neglected without 
impairing the engineering accuracy. Making this ap-
proximation and setting 

COL° 

(2) becomes 

1 
= Xo — Xcr = 

c.:Cr 

1E1 =e 
Xe 

Xer 
(3) 

Using the same theorem, the equivalent impedance 
obtained at the primary terminals looking back toward 

the loop antenna is 

—  (Ro  jod.o) 
Cr 

Z =   (4) 

Ro  j (4/.0 —  1 ) 
a:C2 

Rationalizing and combining terms, (4) becomes 

 (Ro-Fjw/.0)[Ro —j (01-0— —1 
wCp  uCT 

Ro2 (41.0  1  )2 
o Cr 

(5) 

Using the same procedure as in (2) it is found that 
terms Ro2 in the denominator and RoLo/CT and 
—jR02/wCr in the numerator can be discarded thereby 

simplifying (5) 

— j 
(Ro jw1-0) 

o Cr 

z -   
1 

COLo — 

oCr 

1  .vR02+ 0,2L02 

jz — wCT  
XCTX0 

1  x. 

(6) 

(7) 

Using the new voltage E and the new equivalent im-
pedance Z, obtained by Thevenin's theorem, the final 
equivalent circuit may be drawn as shown in Fig. 5(c). 
Using the notation shown, the circuit equations for 
Fig. 5(c) may be written 

E = iiZp — jcoMi2 (8) 

0 = — jC a 1 ij  ZSi2 (9) 

where 

xcrx0\ 
zp=Kp+ixp=z+zi=Ri+i(xLi+ xe 

Zs = R 8 -1-i XS = Z2 + X s = R2 +j( XL, —  XC2)• 

Solving for the secondary current i2, 

jcoME   jcoME 
i2 =   (12) 
ZpZs — w2M2 (Rp±jXp)(Rs±jXs) — w2M2 

Expression (12) may be rearranged to 

jcoME 
22 =   (13) 

(10) 

w2m2Rp w2m2xp  
(Rp+ixp) [Rs+   Rp2+x-p2 lj  s Rp2±xpq] X 

To obtain the condition for maximum secondary cur-
rent i2, the absolute value of I i21 2 is differentiated with 
respect to the tuning reactance Xc2. The maximum 

value of i2 is obtained when 
W 2 M 2 X p 

X s  =  0. 
R p 2  +  X p 2  

Equation (13) then becomes 

coME 
I i21 — 

N/Rp2 ± Xp2 ( Rs ± 
R p 2 ±  X p 2 

Using the approximation method previously stated it 
is found that 

/2„2<<Xp2 and (15) becomes 

2 M2 R p 

(14) 

(15) 

1 i21 = 
coME 

Xp(Rs + w2M2RP ) 
Xp2 

But I eel =Ii21 X,, and (16) becomes 

ME 
1 e,I =   (17) 

w 2 M2 R p \ 

X p2 ) 

Equation (17) also may be expressed in terms of the 

"figure of merit" or Q as 

EQpQs 

w2MC2(Qp + Qs)  (18) 1 ee I =   

For purposes of calculation, it is desirable to express ec 
in terms of the constants of the coupling transformer. 
Experimental work with such transformers has shown 
that in actual transformers 

Xc,Xo 

(16) 

Let 

C2Xp (Rs -I-

x. 

K2 = 
w 2 M2 

X LI XLI 

(19) 
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Equation (18) may then be rewritten as 

2E1C2Xer,QL,Q1.2 
I  = 

wAf(4QL,  10 Q).2) 

It can be readily seen that the expression for e, is not 
a simple function of the circuit and transformer con-
stants. It should be restated that the entire loop, trans-
mission line, and coupling-transformer system are 
always tuned to regonance by condenser C2, which is 
located usually within the receiver or otherwise ganged 
to the other tuning condenser in the receiver. 
In the practical design of such a system a low-

impedance loop is first constructed with as high a Q as 
possible commensurate with the mechanical and elec-
trical limitations already discussed. Then a tightly 
coupled transformer is constructed having a high-Q 
primary of very closely the same inductance as the 
loop, and a high-Q secondary whose inductance de-
pends on the degree of coupling attainable. In practice, 
it has been found that the value of resultant secondary 
Q and the degree of coupling become a compromise. 
Consequently, the coefficient of coupling is fixed any-
where from 88 to 95 per cent at which point a high 
value of resultant secondary Q is still obtained. In-
creasing the coefficient of coupling beyond this value 
will decrease the resultant secondary Q very rapidly 
thereby lowering the over-all voltage step-up. It is 
only by using coupling transformers embodying the 
closed iron or cup cores that high values of coefficient 
of coupling and Q may be obtained. The inner iron 
core is usually made adjustable so that the inductance 
can be accurately set for correct alignment with the 
other circuits at the low-frequency end of the band. 

DIRECTIONAL CHARACTERISTICS OF LOOP ANTENNAS 

A comprehensive treatment of this aspect of loop 
antennas is very lengthy and beyond the scope of this 
brief paper. In the following discussion only the most 
important and pertinent considerations will be brought 
out. While no mention was made of the two types of 
loop windings in the preceding discussion of high- and 
low-impedance loops, there are in general two different 
types of loop windings; namely, (1) the solenoid type 
in which all the turns have the same area, and (2) the 
pancake or spiral-wound type in which the areas of 
successive turns decrease towards the center of the 
winding. The two types have different directional 
characteristics and will be considered separately. 
The expression for the effective voltage induced in 

the loop may be derived by either considering the 
electrostatic component alone or the electromagnetic 
component alone of the radiated wave as acting on the 
loop. In any case the same answer is obtained, which is 
usually given as 

E 
2TeNA 

(20) 

cos 4)  (21) 

where E=effective voltage in millivolts 
N= number of turns 
e= field strength in millivolts per meter 
A =area in square meters 
4)= azimuth angle 
X = wavelength in meters 

If the effective voltage E is plotted against the angle 
4)on polar co-ordinate paper, a double-circle curve will 
be obtained as shown in Fig. 6(a). This is the theoreti-
cal polar pattern of a loop antenna. 

For the solenoid type, the actual polar characteristic 
is distorted from the theoretical pattern by three ef-
fects. These are (1) the displacement-current effect, 
(2) the antenna effect, and (3) the shape effect.3 
Referring to Fig. 6(b) it can be seen that each suc-

_27rA/e4 cos 
A 
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Fig. 6 
(a)— Theoretical polar characteristic of a loop antenna. 
(b) —Winding diagram of a solenoid type of loop. 

cessive turn is displaced in space from the preceding 
turn by distanced, which may be equal to the diameter 
of the wire or greater than the diameter if the loop is 
space-wound. Thus for all positions of the loop except 
for 4)=0 the voltages developed in the successive turns 
will have a slight phase difference existing between 
them; by virtue of the capacitance existing between 
turns, a displacement current will flow across the coil 
eventually passing through the tuning condenser and 
producing a signal. Since the loop is tuned, the main 
loop effect produces a current through the winding 
which is in phase with the voltage, while the displace-
ment current produces a voltage 90 degrees out of 

3 A. S. Blatterman, "Theory and practical attainments in the 
design and use of radio direction findings apparatus using closed 
coil antennas," Jour. Frank. Insl., vol. 188, pp. 289-362; September, 1919. 
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phase with the current. In Fig. 7(a) there is shown the 
distortion of the polar characteristic by the presence 
of the displacement-current effect. 
The antenna effect or vertical component is oc-

casioned by the capacitance of the loop structure to 
ground causing it to act as a simple vertical antenna. 
The magnitude of the voltage pickup is a function of 
the linear dimensions of the loop and is independent of 
the orientation of the loop, therefore, giving a circular 
polar pattern. When referred to the axis of the loop, 
the phase of the antenna-effect voltage does vary with 
the angular position of the loop. In Fig. 7 (b) the 
manner in which the polar characteristic is distorted 
is shown when both the displacement current and 
antenna effects are present. When the displacement-
current effect alone is present, both nulls of the loop 

RES,ILTA Nl 

A  D/STORT/ON OF POLAR CHARACTER/57"/C D UE TO 
.DiSPLACFAIENT CURRENT  EFFL-Cr  (.70uR FRANK INSV 

bulge to appear in the polar characteristic near the 
vicinity of the minima while a wide low winding causes 
a flattening of the characteristic at the maxima. 
The behavior of the polar-characteristic curve of a 

loop antenna around the minima is of the most impor-
tance. In comparing Figs. 6(a) and 7(a) and 7(b), it 
can be seen that it is necessary to reduce both the dis-
placement-currea effect and the antenna effect in 
order to secure sharp minima. Both are affected by the 
shape of the loop. The displacement-current effect for 

a DiSTORT,ON OP POLAR CRARACTER/STIC  JX./E TO 
AiSPLACE MENT CURRENT EFFECT PLUS  ANTENNA 
erPecr  (.TOOR PRANI(LIN N WT) 

Fig. 7 
(a)—Distortion of polar characteristic due to displacement-current 

effect. 
(b)—Distortion of polar characteristic due to displacement-current 

effect plus antenna effect. 

are broadened by equal amounts while the maxima 
remain practically unchanged.  Introducing both 
effects simultaneously broadens one null consider-
ably more than the other while the maxima are also 
increased. 
While the two effects just discussed contribute the 

most distortion to the polar characteristic, there is 
another effect, while not present in aircraft loops, 
which further distorts the characteristic of the solenoid 
type of loop. This effect is known as the shape effect. It 
has been found that a high narrow winding causes a 

Fig. 8—Unshielded low-impedance solenoid loop antenna. 

a given area is minimum for a circular loop because 
this shape gives the shortest possible perimeter, there-
by decreasing the capacitance between turns. This 
effect can also be reduced by properly spacing the 
turns to decrease the distributed capacitance. An obvi-
ous, though sometimes undesirable, way to decrease 
the antenna effect, is to construct a loop of small 
vertical dimensions, but this is often impossible to do 
since mechanical and other considerations determine 
the dimensions. Antenna effect may be reduced by 
electrostatically balancing the winding to ground by 
means of a center tap. This method, while effective, 
complicates the mechanical construction and input-
circuit details and, therefore, is seldom used. The best 
and most effective method of eliminating antenna effect 
is by electrostatically shielding the loop winding. Since 
the antenna effect is a manifestation of the electro-
static component of "the wave, a shield must be used 
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which greatly attenuates the electrostatic component 
leaving the electromagnetic component comparatively 
unaffected. Shields which satisfy this requirement are 
the tubular gap-type used in low-impedance loops and 
the Faraday-screen type. 
In Fig. 8 is shown the polar characteristic of a typi-

cal unshielded low-impedance-solenoid type of loop 
antenna. While two definite minima are obtained, a 
complete null is not pQssible because of a small amount 

Sr 

en 
IVI 

Fig. 9—Shielded low-impedance solenoid loop antenna. 
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of antenna effect. A very small amount of displace-
ment-current effect is also manifested by unequal 
magnitudes of the minima. In Fig. 9 is shown the polar 
characteristic of the same loop in a toroidal gap-type 
shield. The minima have been reduced to definite 
"nulls" and the general shape of the characteristic ap-
proaches the theoretical double-circle curve very 
closely. There is, however, a slight difference in the 
magnitudes of the maxima. The difference in size and 
position of the curves of Figs. 8 and 9 is due to different 
scales and has no significance whatever. 
In Fig. 10 is shown the polar characteristic of a typi-

cal unshielded high-impedance combination solenoid 
and pancake type of loop of approximately the same 
diameter as the low-impedance loop just discussed. The 
minima of this loop are considerably less well defined 
than the low-impedance type indicating the presence 
of much more antenna effect and also a very small 

amount of displacement-current effect. From this 
curve it is apparent that the antenna effect is also a 
function of the number of turns. A loop having this 
characteristic would make a poor direction finder. This 
polar characteristic, as shown in Fig. 11, can be enor-
mously improved by surrounding the loop with a dome-
shaped Faraday type of shield. 
The other type of loop winding used is known as the 

single-pie pancake or spiral winding. The polar pattern 
of this type is also distorted by two effects,3 (1) the 
antenna effect and (2) the winding-pitch effect. Re-
ferring to Fig. 12(a), we can see that the displacement-

310  IX" 11, 
FY,  ieo  /r0.  :Om   

Fig. 10— Unshielded high-impedance loop using a combination 
solenoid and pancake type of winding. 

current effect is entirely absent. If the plane of the 
loop is oriented at right angles to the radio wave, all 
the turns lie in the same plane and parallel to the elec-
tric field, and there is no phase displacement in the in-
duced voltages of the different turns, and, therefore, 
no displacement current flows. The antenna effect is 
much the same as in the solenoid type with the excep-
tion that it is of greater magnitude. Blatterman3 has 
shown that the antenna effect may be expressed ap-
proximately by 

Ii  2.VD 

where h = height of loop 
N=number of turns 
D =spacing between turns 

(22) 
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As in the solenoid type, the polar magnitude is inde-
pendent of the azimuth angle, but the phase does vary 
with the angular position of the loop. Blatterman has 
also shown that the straight loop effect of a pancake 
loop is composed of two components in quadrature. 
One of these components is equal to 

NDE  (23) 

where E = maximum amplitude of the field intensity in 

the center of the loop. 

The magnitude of this component, also called the 
winding-pitch effect, is independent of the angular 

Fig. 11—Shielded high-impedance loop using a combination 
solenoid and pancake type of winding. 
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As in the solenoid type of loop, this loop is also to be 
considered for use as a direction finder; and therefore, 
it is necesary to obtain sharp minima. The antenna 
effect may be reduced by the same means already dis-
cussed under the solenoid loop while the winding-pitch 
effect may be reduced by decreasing N and D which 
in most cases is determined and fixed by space and Q 
consideration. Electrostatic shielding is the best prac-
tical solution to the problem. To illustrate the function 

position of the loop, and would appear on the polar 
diagram as a circle. The other component produces the 
conventional double-circle polar pattern being equal 
to the area-turns product times cosine (1). Fig. 12(b) 
shows a polar characteristic of the pancake loop with 
the various distortive effects. In combining the various 
curves to obtain the resultant, it must be remembered 
that the winding-pitch effect is always in quadrature 
with the conventional-loop effect, and must be added 
vectorially at every angular position. As already 
stated, the phase of the antenna effect is a function of 
the angular position of the loop and must be so con-
sidered in order that the three effects may be properly 
combined to obtain the resultant polar characteristic. 

DIRECTION OR 
WAVE TRAVEL 

A  PAM/CANE OR SP/PA 
TI'PE Of LOOP 

B  V STORriON OF POLAR  CHARACTERAST/C DUE TO 
ANTENNA A ND W/NO/A/6 PITC H EFFECTS 
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Fig. 12 
(a)—Winding diagram of a pancake or spiral type of loop. 
(b)—Distortion of polar characteristic due to antenna and 

winding-pitch effects. 

of an electrostatic shield in improving the polar charac-
teristic of a typical range-band high-impedance pan-
cake loop, Fig. 13 shows the characteristic of such a 
loop having an outer winding diameter of 12 inches and 
an inner diameter of 5 inches with and without an 
electrostatic shield. Without a shield the pattern de-
viates slightly from a true circle, thereby making the 
loop useless as a direction finder. Surrounding the loop 
by a dome-shaped symmetrkally located Faraday 
shield promptly restores the conventional double-circle 
pattern also giving extremely sharp and symmetrically 
displaced minima. From the data presented, it would 
seem very desirable, in fact necessary, to shield all 
direction-finding loops. As a matter of fact, most air-
craft loops utilize this type of construction. Besides 
greatly improving the direction-finding properties of 
an aircraft loop, an electrostatic shield eliminates 
certain kinds of electrical noises and effectively reduces 
the characteristic aircraft precipitation static. 
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Besides the distortive effects already discussed, there 
is another effect obtained with both types of loops and 
known as the quadrantal error. This effect is not in-
herent in the loops themselves but is a function of the 
environment in which the loop is placed. On aircraft, 
the wings"and fuselage reflect or refract the radio wave 
energy causing a distorted wave front. The loop is sub-
jected to this distorted field and erroneous bearings 
will result if the angular position of the loop relative 
to the nose of the airCraft is read directly from a uni-
form azimuth scale. Because these errors occur at 90-
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Fig. 13—Shielded and unshielded high-impedance 
pancake type of loop. 

degree intervals, they are known as quadrantal errors. 
The errors are constant for any one type of aircraft 
and for any one loop position on the aircraft and can 
be readily measured and compensated for. It has been 
found that loops mounted in a nose shell of insulating 
material give the greatest quadrantal errors, as high as 
50 degrees in some cases. The normal installation is 

either below or on top of the fuselage in which case the 
quadrantal error may be between 7 to 15 degrees. Of 
the top and bottom loop mounting positions the bot-
tom position possesses additional navigational ad-
vantages over the former. 
The effect of the shield on the signal-pickup char-

acteristic of the loop has been investigated somewhat 
quantitatively, and it has been found that there is a 
decrease of roughly 2 to 4 decibels which may be at-

tributed to two factors. The Q of the loop is lowered by 
the addition of the shield, thereby accounting for ap-
proximately 30 to 40 per cent of the total reduction. 
The remaining 60 to 70 per cent may be attributed 
directly to the shield. The decrease in signal pickup is 
lower in the low-impedance than in the high-impedance 
loops because high-impedance loops generally have a 
much higher initial Q which is influenced considerably 
by the addition of the shield. 

COMPARISON OF SoLENOID-TYPE AND PANCAKE-TYPE 
LOOP WINDINGS FOR AIRCRAFT USE 

In conclusion, a comparison of the two types o 
loop windings from the standpoint of aircraft applica 
(ion might be made. The solenoid type of construction 
adapts itself nicely for low-impedance loops having 
the toroidal-gap-type shield. A pancake type of winding 
may also be employed in a lowsimpedance loop, but it 
presents somewhat greater constructional difficulties. 
Very often a combination of the two types of windings 
is employed as when several shallow pancakes are 
wound adjacent to each other and connected in series. 
This type of winding will have a polar characteristic 
very similar to the normal solenoid type especially 
when the inner and outer diameters of the winding are 
almost the same. In the case of low-impedance loops 
using both types of windings, the Q over the aircraft 
beacon band of 200 to 400 kilocycles will remain fairly 
constant, which is desirable. 
It has been found in the laboratory that the most 

practical types of windings to be employed in high-
impedance loops are the pancake and the combination 
winding described above. A straight solenoid type of 
winding would assume undesirable dimensions. The 
writer's experience has shown that the combination 
winding while having a high Q, in the neighborhood of 
250, at the low-frequency end has a Q of only 100 or 
lower at the high-frequency end of the band. This 
seems to be a property of the type of wi-ilding, irrespec-
tive of wire size, diameter, and other factors. The pan-
cake type, on the other hand, has a very high and 
uniform Q characteristic over the entire band. By using 
an electrostatic shield, a good polar characteristic, to-
gether with sharp and symmetrically displaced nulls, 
can be secured from high-impedance loops employing 
either types of winding. 

The only remaining point of comparison is the signal 
pickup as measured by the effective height of the two 
kinds of windings. Assuming loops of the same outside 
diameter, it is readily seen that the combination wind-
ing loop will have a greater area-turns product, which 
is a measure of the effective height, than the pancake 
type. To find what the difference actually is, the area-
turns product for two types will be compared. In the 
combination type, since the r's are very shallow, all 
the turns will be considered to be concentrated at the 
mean diameter, which although approximate, is suf-
ficiently accurate for practical comparison. Therefore, 
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In actual loops of this type the number of turns N is 
about 70 or more so that the expression may be further 
simplified by considering N>>1. 

DN 3 

Total (area X turns) = iNr2-FrDN2+ —].  (29) 
3 

Area-turns products of actual loops, of the same induc-
tance and outside diameter, using the two different 
methods of winding have been calculated from the 
above expressions, and it has been found that for the 
solenoid or combination type it is about 30 per cent 
higher than for the pancake type. However, when the 
effective heights, which are proportional to the area-
turns product, are multiplied by the resultant Q, the 
pancake type actually delivers more signal voltage to 
the grid of the amplifier by virtue of its higher Q. 

IRON-CORE LOOP ANTENNAS 

Iron-core loop antennas have not been used on com-
mercial and military aircraft in this country for several 
reasons. In the first place, the air-line companies were 
required by the Government, in the fall of 1937, to in-
stall loop antennas on their aircraft for direction-
finding and precipitation-static purposes. At that time 
the iron-core loop was not sufficiently developed for 
practical use. In the second place the much greatei 
weight of the iron-core loop was, at first, considered a 
definite disadvantage against its use on aircraft. This 
disadvantage has since been proved to be erroneous. 
As has been shown above, the pickup of a loop-

antenna system is dependent on the Q of the loop. The 
first reason for the introduction of an iron core is to 
increase the Q in a manner similar to that in a coil. 
Since the pickup is also dependent on the area-turns 
product the number of turns used in an iron-core loop 
will be less by virtue of the permeability of the iron 
core. Polydoroff4 has shown that while the product of 
the Q and the number of turns of an air-core loop and 
an iron-core loop of the same area and an inductance is 
the same, the actual signal pickup of the iron-core loop 
is multiplied by the effective permeability of the iron 
core. Consequently, for identical signal pickup, the 
physical size of an iron-core loop can be substantially 
reduced. It is also possible to mount the loop very 
close to the metal surface of the aircraft without ap-
preciably lowering the Q. These features simplify the 
aerodynamic problem. Polydoroff has also shown that 
antenna or electrostatic effect can be practically elimi-
nated by simply grounding the core. The directional 
properties of iron-core loops are shown to be consider-
ably improved. This is attributed' directly to the 
higher Q. 
An iron core may be used with either the low- or 

high-impedance type of loop construction with equally 
good results. However, in the former type a much 
greater effective permeability can be realized. 

(28)  W. J. Polydoroff, "Antenna system for wireless communica-
tion," U. S. Patent No. 2,266,262, 1941; Great Britain, 1938. 

area X turns = irR2N.  (24) 

For the pancake type, the area-turns product will be 
obtained by calculating the area-turns product for one 
turn at a time and then summing up the individual 
products to obtain the whole. Referring to Fig. 14 and 

Fig. 14—Diagram for calculation of area Xturns 
of a spiral-wound loop. 

letting N equal the number of turns and D, the spacing, 

we have 

1 

2 

3 

4 

5 

6 

Area X Turns 

r(r-F0D)2 = r2r 

w(r+D)2= (r2+2rD-FD2).x. 

r(r+2D)2= (r2+4rD-F4D2)7r 

r(r+3D)2= (r24-6rD-F9D2)1-

r(r+-1D)2= (r2-1-8rD4-16D2)T 

7(r+ 5D)2= (r2+ lOrD-1-25D2)7 

[rd- (N — 1)D12= [r2-1- 2(N — OrD-F (N — 1)21)217 

The total area-turns product will be the sum of all the 
terms above or 

area X turns =1-Nr2 

-1-27rD[1+2+3+4+ • • • -1-(N— 1)j 
+irD2[12+22+32+ +(N— 1)2]. (25) 

The second term is an arithmetic progression the sum 
of which (for N terms) is 

ZwrD E (N — 1) = wrDN(N — 1).  (26) 

The third term is the sum of the squares of numbers 

TD2N 
TD2E (N — 1)2 =   [(N — 1)(2N — 1)].  (27) 

6 

Total (area X turns) 

[  D2N(N —1)(2N —1) . 
= w Nr2-FrDN(N — 1)-F   

6 
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Deionization Considerations in a Harmonic 
Generator Employing a Gas-Tube Switch-

WILLIAM G. SHEPHERDt, ASSOCIATE, I.R.E. 

Summ ary—A description is given of an experimental investiga-
tion of the properties of a Myra/von operating as a high-frequency 
switch in a circuit which permitted llu generation of a wide band of 
harmonics. The experiments indicate that there is an operating fre-
quency below which no difficulties in deionization occur and above 
which stable operation requires that the grid potential fulfill certain 
conditions dependent upon the frequency, wave form of the grid voltage, 
and circuit constants. It has been found possible to operate certain 
standard thyratrons at switching frequencies as high as several hundred 
kilocycles per second. For these higher frequencies the deionization of 
the tubes is incomplete but normal switching behavior is obtained. 

RID-CONTROLLED gas tubes have received 
an increasing use in recent years as switching 
devices. Because of their low impedance, rela-

tive lack of inertia, and ability to handle large currents 
they have many useful applications. Some of the more 
common are the saw-tooth generator used to supply 
the sweep for a cathode-ray oscillograph and the sub-
multiple circuit which is used to extend the range of a 
mechanical counter or to supply a subharmonic of a 
given frequency. These tubes are also well adapted to 
the production of current surges of short duration 
which have a steep wave front. These may be used for a 
source of harmonics for a carrier-frequency supply or 
to furnish standard frequencies for calibration pur-
poses. They may also be used for synchronization and 
triggering of numerous devices which are not neces-
sarily electronic. 

All such circuits which use gas-tube switching are 
eventually limited in the frequency of operation by the 
time required for the tubes to deionize and to a lesser 
extent by the ionization time. The following is a de-
scription of a series of experiments on a circuit which 
employs a gas tube as a switch at frequencies well 
above those at which these tubes have been used in 

• Decimal classification: 12339. Original manuscript received by 
the Institute, March 11, 1942; revised manuscript received, De-
cember 3, 1942. Presented, New York Meeting, April 1, 1942. 

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

the past. Investigations of the deionization of gas 
tubes are usually made under what may be called 
static conditions since the quantity measured is the 
time required for the tube to regain a certain dielectric 
strength after a static arc is extinguished. 1.2 In the 
following experiments the limitations imposed by &-
ionization have been investigated under dynamic con-
ditions and a number of phenomena have been ob-
served which do not appear under static conditions. 
Many of the phenomena, as would be expected, are 
the result of the particular tube employed as well as the 
circuit configuration, but some of the implications art-
general in character. The results of these investiga-
tions have been applied in the use of the circuit as a 
means of generating a group of harmonics with a rela-
tively high base frequency. 

CIRCUIT CHARACTERISTICS 

The general schematic of the circuit investigated is 
shown in Fig. 1 and the currents and voltages in the 

A 
 I Z p 

LI S Eg 

Fig. 1— Harmonic-generator circuit. 

A. W. Hull and I. Langmuir, "Control of an arc discharge by 
means of a grid," Proc. Nat. Acad. Sci., vol. 15, pp. 218-225; March, 1929. 

2 W. E. Berkey and C. E. Haller, "Reignition potential of hot 
cathode grid glow tubes," Elec. Jour., vol. 31, pp. 483 487; Decem-
ber, 1934, 
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circuit elements are given in Fig. 2. The inductance L1 
and the capacitance CI play the double role of a phase-
shifting network and a means of obtaining a large 
voltage between the points AB. The impedance Zr, 
through which the capacitance C2 is charged, isolates 
the phase-shifting network from the discharge path 
during the period that the tube is conducting. Thus it 
prevents the high harmonics produced from being dis-
sipated in the primary circuit and also limits the pri-
mary current which will flow through the tube. The 
phase of the voltage Eg, appearing between grid and 
cathode of the gas tube, is adjusted with respect to 
that of the voltage E r2 across the conenser C2 SO that 
E,2 is as nearly at a maximum as possible when Eg in-
tersects the firing characteristic. When the gas tube 
becomes conducting at this point, C2 discharges rap-
idly through the low impedance offered by the tube 
and the impedance R. The current through R rises 
sharply at a rate determined by the ionization char-
acteristics of the tube and then falls off approximately 
exponentially at a rate determined by the time con-
stant RC2. When C2  has discharged, the current 
through the tube will be considerably smaller and the 
deionization of the space will begin. If a continuous 
cycle is to be repeated this deionization must have 
reached a definite limit when the plate potential be-
comes positive on the succeeding cycle. 

CRITICAL DEIONIZATION RATIO 

When these tubes were operated below a certain 
frequency limit which depended upon the type of tube 
and the circuit constants employed, no difficulties with 
incomplete deionization occurred regardless of the rela-
tive amplitude of the grid and plate voltages. In fact, 
under certain conditions, as will be discussed later, un-
desirable phenomena result from the occurrence of too-
rapid deionization. At higher frequencies, incomplete 
deionization was manifested by a phenomenon illus-
trated in Fig. 3 which shows a plot of the potential 
between plate and cathode as a function of time. On 

EP \ •   

Eg\ 

CHARACTERISTIC 

Hr H 
TIME 

Fig. 2—Voltage E, between plate and cathode; voltage E, between 
grid and cathode; current through the discharge resistance; 
plotted as functions of time. 

successive cycles the tube would break down at differ-
ent plate-cathode potentials. The number of periods 
of the fundamental required for a complete cycle of 
the firing potential depended upon the amplitude 
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Fig. 3—Appearance of the plate-cathode potential as a function of 
time for an unstable condition resulting from insufficient de-
ionization. 

ratio of the grid-cathode potential to the platc-cathode 
potential. For values of this ratio above a critical mini-
mum, the operation of the circuit was stable; i.e., the 
firing potential remained the same from cycle to cycle. 
For values slightly below the minimum, the tube 
would fire at some value of plate-cathode potential on 
one cycle, a lower voltage on the next cycle, and return 
to the original value the third, etc. For still lower ratios 
the period of change would last over three cycles and 
so on for decreasing values of the ratio until finally the 
tube would break down for every cycle at a low value 
of the plate-cathode potential. 
This deionization phenomenon indicates the pro-

duction of subharmonics. The process is apparently as 
follows. Beginning the cycle with the peak breakdown 
potential, the ionization in the tube after breakdown is 
sufficiently large so that the tube cannot deionize to its 
initial state within one cycle so that breakdown occurs 
at a lower plate potential on the next cycle. This re-
sults in a smaller production of positive ions since the 
charge passed through the tube in the condenser dis-
charge is less. This ionization may be enough less so 
that on the next cycle the tube is sufficiently deionized 
to fire at the original value, etc. If not the tube will 
break down at an intermediate potential on the third 
cycle, etc. The process may thus be described as a type 

of hunting. 
The fact that the grid swing has a pronounced ef-

fect on this phenomenon confirms what had been 
known previously—that the grid plays a major role in 
the deionization of the tube. The question as to 
whether the plate performed any function in deioniz-
ing the tube was established by determining the mini-
mum grid swing to maintain stable operation as a 
function of the plate swing, in one case when the plate 
was allowed to swing negative and in the other case 
when it was not, all other conditions remaining the 
same. In order to prevent the plate from swinging 
negative, a diode was connected between the plate and 
cathode with its polarity such that it conducted when 
the plate tended to swing negative and kept the plate-
cathode voltage small. The potentials between grid 
and cathode and plate and cathode were measured 
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from oscillogratns. The grid voltage was phased as 
nearly as possible 90 degrees lagging the plate voltage. 
The results of these measurements are shown in Fig. 4. 
E, represents the value of the plate-cathode voltage at 
the instant the tube fired, which corresponds very 
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Fig. 4— Nlininium grid swing to maintain stable operation as a 
function of the plate potential at firing. In one case the plate 
was permitted to swing negative and in the other it was pre-
vented by a diode from going more than a few volts negative. 
Switciiing frequency, 60 kilocycles per second. Western Electric 
338A tube. 

nearly to the peak applied voltage. The quantity ac-
tually of interest is the condenser potential at the in-
stant of breakdown. However, the impedance of the 
condenser to the fundamental is very much higher 
than that of discharge resistance R, and hence the po-
tentials across the tube and the condenser are prac-

Rg i 
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Fig. 5—Harmonic-generator circuit employed in studying the ef-
fect of triggered operation upon the deionizing conditions. 

tically identical prior to breakdown. The value of E, 
was the peak negative value of the grid swing relative 
to the cathode as measured directly at the grid. Fig. 4 
indicates that the plate has only a small deionizing 
action. This is an interesting observation since it indi-
cates that the important region for deionization is that 

which is screened from the plate by the control grid 
and hence in designing gas tubes for high-frequency 
operation it is this region which should be constructed 
to favor &ionization. 
In contrast to the minor function of the plate in (IC-

ionizing the tube the following experiment indicates 
the importance of the grid in this respect. A compari-
son was made of the minimum grid swing necessary to 
maintain proper operation as a function of the plate 
swing under two conditions. The first involved sinu-

soidal operation of t he circuit of Fig. 1, and the second 
operation with the circuit of Fig. 5. In this circuit tube 
B is under test. The circuit employed in operating 
tube B differs from that of Fig. 1 in that the grid bias 
is fixed until the tube A, which is operated in the cir-
cuit of Fig. 1, tires. When this occurs a sharp voltage 
pulse is applied to the grid of tube B. By adjusting the 
condenser C, the phase of the voltage pulse produced 
by tube A could be adjusted with respect to the plate-
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Fig. 6—A comparison of the minimum amplitude of grid swing to 
maintain stable operation as a function of the plate swing for 
the case of sinusoidal and triggered operation of the control grid. 
Western Electric 338A tube. Switching frequency, 60 kilocycles 
per second, I /RC= 66 megacycles per second. 

cathode swing applied to tube B. The phase adjust-
ment was made so that tube B triggered at the maxi-
mum value of this swing. In this case the voltage E„ has 
the same significance as before while the voltage E, re-
fers to the value of the bias E. The grid resistance was 
necessarily made small in order to avoid distortion of 
the discharge wave. Hence this voltage was practically 
the same at any instant, except during the actual trig-
gering, as the voltage at the grid. The results are 
shown in Fig. 6. The marked change in the critical 
ratio is in contrast to the slight change produced in 
the foregoing experiment. The fact that the critical 
ratio is smaller for triggered than for sinusoidal opera-
tion is in the expected direction since for triggered 
operation the grid is negative for a larger proportion of 
the cycle. Also since the grid is held negative until the 
instant of firing it can more readily maintain an over-
lapping ion sheath about the grid opening than in the 
sinusoidal case. 

Fig. 7 shows the variation of the critical ratio with 
frequency. One very interesting feature of these curves 
is that there is apparently an intercept frequency below 
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which the ions need not be drawn out by a field on the 
grid. Below this threshold frequency the drift of the 
ions to the elements and walls resulting from other 
causes completes the deionization. The threshold fre-
quency would be expected to be a function of the ion 
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Fig. 7—The critical ratio of the amplitudes of grid to plate poten-
tial, as a function of frequency for triggered and sinusoidal grid 
control. Western Electric 338A tube. 1IRC= 66 megacycles per 
second. 

density after the discharge or in other words to depend 
upon the discharge constants. The fact that no critical 
ratio for stable operation existed at low frequencies 
was verified, i.e., at frequencies below the critical 
values indicated by Fig. 7, the tube would ionize at 
the same values of the plate voltage on successive 
cycles irrespective of the ratio of the grid and plate 
swings. The data given are all for a Western Electric 
338A tube. A similar behavior was found for the West-
ern Electric types 287A and 323A which differ in struc-
ture and gas-filling from the 338A. 

SURGE PHENOMENA 

The experiments concerning the effect of frequency 
on the stability ratio indicated that some other source 
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Fig. 8—Appearance of the plate-cathode potential as a function of 
time for low frequencies. 

of deionization existed in addition to that caused by 
the negative grid. This source reduces the ionization 
below a critical minimum for frequencies lower than a 
limit which depends upon the circuit constants. The 
following experiments which were carried out at a fre-
quency below the critical value shed additional light on 
this phenomenon. 

An oscillographic trace of the plate-cathode poten-
tial as a function of time for the circuit of Fig. 1 ap-
peared as shown in Fig. 8 for lower frequencies. The 
condenser discharge except for the longest surge dura-
tions involved in this investigation was completed dur-
ing the fall of the plate-cathode potential. When the 
arc struck, the plate-cathode potential fell to a value 
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Fig. 9—The effect of discharge resistance upon the minimum 
arc drop V„, and the time 1,,, to the potential jump. Western 
Electric 338A tube. Switching frequency, 4 kilocycles per 
second, C2 = 25 X10-12  farad, Rp =10,000 ohms. 

considerably below that which is characteristic of a 
static discharge. After a period of time determined by 
the circuit conditions the potential rose again to a 
value which, on the average, was approximately char-
acteristic of the steady discharge. The arc potential 
after the rise was, however, not constant but oscillated 
about the static value. The character of these oscilla-
tions was found to depend upon the tube type and the 
discharge constants. An oscillographic investigation 
was made of the minimum arc drop V. and the time 
interval t,,„ between breakdown to the minimum po-
tential and the rise to the static arc drop as a function 
of the circuit constants. The frequency at which these 
studies were made was 4 kilocycles per second and the 
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Fig. 10—The effect of discharge capacitance upon the minimum arc 
drop and the time to the potential jump. Western Electric 338 A 
tube. Switching frequency, 4 kilocycles persecond, R= 600 ohms, 
Rp= 10,000 ohms. 

tube employed was a Western Electric 338A. The grid 
and plate potentials were held fixed and phased so that 
the tube triggered at the peak of the voltage wave. 
Fig. 9 shows the effect of the discharge resistance 

upon the time t. and the minimum arc drop. Fig. 10 
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shows the effect of the discharge capacitance and Fig. 
11 the effect of the charging resistance Z,=R„. In the 
latter case the variation of ir„, was less than the accu-
racy of measurement. 
A simple explanation may be made for these phenom-

ena. When the tube breaks down a large current is 
passed which requires the formation of a high ion 
density in the discharge path. After the condenser dis-
charge is complete, current requirements for the tube 
are dictated by the charging resistance R,, and the ap-
plied potential and normally this current is much 
smaller than the condenser-discharge surge. The posi-
tive ions because of their large mass do not move ap-
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Fig. 11—The effect of the charging resistance R,, upon the lime to 
the potential jump. Switching frequency, 4 kilocycles per second, 
C2=100 X10-12  farad, R=300 ohms. Western Electric 338A 
tube. 

preciably from the positions at which they are formed 
during the major discharge so that immediately after-
ward there exists a sort of frozen positive space charge. 
This permits the flow of electrons required by the 
charging current with very low potentials applied 
across the tube. When this positive space charge has 
been sufficiently depleted by drift to the electrodes the 
potential across the tube begins to rise in order to form 
new ions. If the rate at which the positive ions are re-
moved from the space occurs more rapidly than the 
potential can build up on the discharge condenser the 
tube potential may rise above the static arc drop. It 
may then continue to build up until a dynamic firing 
point is reached when breakdown will again occur pro-
ducing a smaller surge of positive ions. This cycle re-
peated offers an explanation of the oscillations about 
the firing characteristic. 
The data presented in Figs. 9 to 11 are in agree-

ment with this explanation as inspection will show. 
Thus, for a fixed discharge capacitance, the peak cur-
rent during the condenser discharge will decrease as 
the discharge resistance is increased and the ion den-
sity will be reduced. Hence the minimum arc drop re-
quired to pass the current from the primary circuit in 
the period following the discharge will rise and the 
time before the positive-ion density is depleted suffi-
ciently to require renewed production will decrease. 
Similarly as the discharge capacitance is increased 
with the other constants fixed, the total charge passed 
through the tube will increase and the space should be 
more completely filled with a positive space charge. 
Hence for increasing values of C it would be expected 
that the value of F„, would decrease and  would in-
crease. Finally, as the resistance R, is increased the 

current through the tube after the condenser discharge 
will be reduced. As a result, the potential r,„, neces-
sary to maintain this current, will be smaller so that 
the positive-ion losses caused by the drift in this field 
will be lessened. The result is an increase in the value 
of  and a decrease in  The latter was found to oc-
cur but for the circuit constants employed for this case 
the variation was wit hi ii the accuracy of IlleaSU remen 
and is not shown. 

As the frequency of the fundamental was increased 
a value was reached which depended upon the circuit 
constants at which the potential rise across the tube 
did not appear. These frequencies were of the same or-
der as those at which a critical ratio of the grid and 
plate swings first appeared and it seems probable that 
these phenomena are related. Thus, if sufficient de-
ionization does not occur in the interval immediately 
following the discharge while 'the plate is positive, it 
must be supplemented by the deionization caused by 
a drawing out potential on the grid. 

A similar behavior was found for another type of 
tube, the Western Electric 287A, when the same stud-
ies were made. 

The phenomena just described are fundamental to 
the operation of one familiar gas-tube-switching de-
vice, the saw-tooth sweep generator. An observation 
of the voltage across the gas tube in this case will show 
the same very low arc drop following the return sweep. 
Operation of the sweep will be stable if at the termina-
tion of the time interval t„„ the recharging of the sweep 
condenser from the minimum arc drop proceeds suffi-
ciently slowly so that the tube recovers its dielectric 
strength through positive-ion losses before the poten-
tial rises to the point where renewed ion production 
can begin. This explanation which does not depend on 
the common explanation of residual inductance in the 
leads has been advanced by Drewel1.3 It is of interest 
to note that when a sweep circuit fails at its upper-
frequency limit, the failure occurs in the same manner 
as for the harmonic-generator circuit; i.e., the ampli-
tude of the sweep on successive cycles will differ. 

DISCUSSION 

The foregoing results show that for operation in 
this circuit there are two sources of deionization. Im-
mediately after the discharge while the plate potential 
is positive there is a large excess of positive ions. These 
are removed in part by the discharge between plate 
and cathode. When the plate potential swings nega-
tive, the deionization effected by the plate is small and 
the remaining deionization is principally caused by the 
negative grid. 

It is interesting to note that most of the phenomena 
can be explained on the basis of three assumptions: 
(1) The number a ions formed is proportional to 

the peak voltage at breakdown, /=KE„. 

3 P. Drewell, "Die ‘1'irkungsweise der gittergesteurten Gasent-
ladungsriihren usw.," Zeit fur Tech. Phys., vol. 17, pp. 249-262;1936. 
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(2) The rate of deionization while the plate is posi-
tive is proportional to the instantaneous applied 

plate potential, 

d1 1 
— = 
dt 

— ICIE„ sin wt 

where ./1 is the total number of ions removed per 
cycle during the interval that the plate-cathode poten-

tial is positive. 
(3) The deionization by a negative grid is propor-

tional to the instantaneous grid potential, 

d12 
— = — K2E„ sin wt. 
dt 

Here /2 is the total number of ions removed per 
cycle by the negative grid. With these assumptions one 
may derive the following equations. 
The decrease of ionization casued by the residual 

plate current will occur during a quarter period follow-
ing the condenser discharge. 
Thus, 

I/2f 

/1 =  — f  K1 E9 sin wtdt = 
1/41 

K l Ep 

The decrease of ionization caused by the grid will oc-
cur over approximately a half cycle. 
Thus, 

hi 

12  K2 Egg sin wldt = 
1/21 

Then, for stability, 

or 

KEp = 
KlEi,  2K2E„ 

E„  1 
=   

E,  2K2 
[Kw — Kul. 

2K2E0 

Thus upon comparing the stability ratios for trig-
gered and sinusoidal operation 

E„ 

Egr 

E, 

Kw 

K1 
=  7 

K'w 

K1 
1 

Now from the condition that the critical ratio shall be 

zero one obtains 
(a) for sinusoidal operation 

K1 
WO = — 

K 

For any given frequency this shows that the ratio of 
grid to plate swing is independent of amplitude in 
agreement with the experimental results of Fig. 6. It 
also predicts that the ratio will increase linearly with 
frequency and intercept the frequency axis at a posi-
tive value in agreement with the results of Fig. 7. A 
corresponding analysis for triggered operation yields 

For 1 [K'w  K1 
— = — —  — — 
Fp 2r  K2  K2 

K' differs from K since the quantity of ionization which 
must be removed to maintain stability for triggered 
and sinusoidal operation may differ. This is apparent 
since for triggered operation the grid voltage is 
strongly negative until the instant of triggering and 
hence can maintain an overlapping ion sheath in the 
presence of a higher ion density than is the case for 
sinusoidal operation where the grid voltage decreases 
until the instant of firing. For this reason one would 
expect K' would be less than K. 

(b) for triggered operation 

K1 

Thus, 
E„ 

E, 

Epr 

E„ 

= 

K' 

1 
WO 

The values for the frequencies of zero critical ratio 
may be obtained from the data of Fig. 7. Then sub-
stituting these values and the frequency of 60 kilo-
cycles per second at which the data of Fig. 6 were 
measured 

E„  E gr 

Ep E, 

This is to be compared with an experimental value of 
2.2 from the data of Fig. 6. The data of Fig. 7 were ob-
tained in an independent run. Substituting the values 
of the critical ratio at 60 kilocycles per second for 
sinusoidal and triggered operation, a value of 2.48 is 
obtained. Thus agreement is obtained within the ex-
perimental error of the measurements. 
We have obtained, therefore, on the basis of the as-

sumptions noted, qualitative agreement with the ex-
perimental variation of the ratio with frequency and 
amplitude and more remarkably (considering the 
arbitrariness of the assumptions), quantitative agree-
ment with the effect of the wave form of the grid po-
tential on the critical ratio. The assumptions made 
are valid in part only under the restricted conditions 
of the particular mode of operation employed. The 
proportionality constants will depend on the circuit 
constants of the circuit. For example one would expect 
the constant K to involve the discharge capacitance C, 
and although a complete investigation was not made, 
somewhat limited data indicate that the critical ratio 
for a given frequency is proportional to the discharge 
capacitance. The author does not intend to press the 
foregoing speculation too strongly since the basic as-
sumptions are largely empirical.  Because of the 

= 2.3. 
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complexity of the processes involved and the restricted 
nature of the experimental observations, a more funda-
mental analysis into the basic assumptions has not 
been fruitful. 

DYNAMIC CONTROL CHARACTERISTICS 

The deionization times of 100 to 1000 microseconds 
which are commonly given for gas-filled tubes may 
give rise to the erroneous impression that such tubes 

-8 

GRID POTENTIAL AT FIRING IN VOLTS 

Fig. 12—A comparison of A the dynamic and B the static firing 
characteristics of a gas tube. In case A the grid swing was held 
at the minimum necessary to maintain stable operation. Switch-
ing frequency, 60 kilocycles per second. Western Electric 338A 
tube, R=300 ohms, C2 = 2 5 X10-12  farad. 

are not operative at frequencies where switching is 
carried out at frequencies above the reciprocal of these 
times. This circuit was operated above such frequencies 
and the following experiments show that gas-tube 
switching may be carried out successfully although the 
state of deionization of the tubes is far from complete. 
Fig. 12 shows a dynamic firing characteristic ob-

tained when the ratio of the grid and plate swings was 
held at the critical value. For comparison the static 
characteristic, curve B, is shown. The considerably 
more negative grid values at firing in the dynamic case 
indicate that the tube is incompletely deionized. Fig. 
13 shows the effect of the grid swing on the firing char-
acteristic. In this case for a fixed frequency and a fixed 
value of the plate potential at which breakdown oc-
curred the grid potential at firing was determined as a 
function of the grid swing. These results show, as 
Berkey and Haller' have pointed out, that the deioni-
zation time for a gas tube is not a definite quantity 
and further, that the firing characteristics given for 
gas tubes are significant only under specific conditions 
and in particular for operation at low frequencies. At 
higher frequencies the firing characteristic will be de-
pendent upon the wave form of the grid voltage and 
upon the discharge constants. 

HARMONIC GENERATOR 

The various phenomena which have been discussed 
above were studied in connection with an investigation 
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of the operation of the foregoing circuit as a harmonic 
generator. The circuit was suggested by Peterson as an 
electronic analogy to a magnetic harmonic generator 
which has been described in the literature. The mag-
netic generator has some considerable advantages from 
the standpoint of efficiency particularly at high fre-
quencies and also in power capabilities, but the tube 
circuit is somewhat more flexible and also the gas-tube-
switching element is readily available commercially. 
One further advantage in the tube circuit is that the 
switching element is free of inductance which permits 
discharges having steeper wave fronts. The last state-
ment requires some qualification when the duration 
of the discharges becomes comparable with the ioniza-
tion time of the tube. In this case, as Manley has 
shown in some unpublished results, the tube behaves 
as though it contained a very small inductance. The 
inductance depends upon the method of firing the tube. 
There are many applications for harmonic generators 
where efficiency and power are not major considera-
tions, such as standard-frequency sources, and in some 
of these the gas-tube harmonic generator may be pref-
erable to the magnetic generator. 
A number of hot-cathode gas tubes were tested in 

this circuit. The most suitable tried were found to be 
the Western Electric types 338A, 287A, and 323A. 
The 338A tube has a grid coaxial with the cathode. A 

small single circular opening is provided in the grid 
and the anode is provided by a heavy wire parallel to 
the cathode and on a radius through the grid opening. 
Only a small fraction of the active cathode "sees" the 
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Fig. 13 —The effect of the amplitude of grid swing on the value of 
the grid potential at firing for a fixed plate swing. Western 
Electric 338A tube. Switching frequency, 60 kilocycles per 
second, R=300 ohms, C=25 X10-12  farad. 

anode directly. The tube has an argon filling. The 
structure of the 287A and 323A is the same. The 
cathode is a multifold mesh ribbon, which forms a 
rectangular-shaped cathode with the ribbon edges 
facing the grid opening. The grid is a cylindrical struc-
ture with the end facing the anode closed except for a 

E. Peterson, J. M. Manley, and L. R. Wrathall, "Magnetic 
generation of a group of harmonics," Jour. A. I. E. E., vol. 56, 
pp. 995-1001; August, 1937. 
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single opening through which the discharge passes to 
the anode which is a circular concave disk parallel to 
the cylindrical face of the grid. The cylindrical portion 
of the grid tends to inhibit a discharge around the flat 
end. The 287A is a mercury-vapor tube. The 323A has 
a mercury filling and in addition contains argon gas 
which tends to eliminate the dependence of the charac-
teristics on temperature. All three tubes have the 
common characteristic that the discharge is restricted 
to a single opening in the grid structure. Tubes with 
mesh or wound grids in general would not produce as 
sharp a breakdown because of their longer ionization 
time. It was found that under some circumstances a 
sharp breakdown was obtained with a tube having a 
mesh or wound type of grid. When this occurred the 
discharge concentrated apparently through a more 
open region of the grid. The behavior, however, was 
erratic under these circumstances since the discharge 
tended to shift to various points on the grid. 
Fig. 14 shows a reproduction of oscillographic 

tracings of current surges produced in this circuit. 
These were observed by means of a synchronized 
sinusoidal megacycle sweep circuit whose full ampli-
tude is not shown. The fundamental frequency of 
operation for these observations was 60 kilocycles per 
second. The circuit constants were the same in each 

4  t 

287A 

we=136 MC. 

T = 50°C 

t =0.17311 SEC 

- t 

323A 

136 MC. 

= 50°C 

t =43.114µ SEC 
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F4e =136 MC. 

NORMAL HEATER 
POWER 

t = 0.140}1 SEC. 

\ ( 

338A 

1 = 136 MC. 
RC 
200 % NORMAL 
HEATER POWER 

t = 0.064 J.L SEC 

Fig. 14-0scillographic traci ns of the potential across the dis-
charge resistance for three different types of tubes with the 
same discharge constants. The effect of increased emission for 
the Western Electric 338A tube is also shown. The frequency of 
switching was 60 kilocycles per second, R=377 ohms, C=20 
micromicrofarads. 

case. The reciprocal time constant of the discharge 
circuit was 132 megacycles per second. The durations 
of the discharges are considerably shorter than the 
values usually given for gas-tube circuits and this may 

be ascribed mainly to the use of a tube with a single 
discharge opening and the method of operation which 
favors rapid ionization. It is of interest to note the ef-
fect of an increased cathode emission from the 338A 
tube. The peak current for the tube in each case was 
considerably less than the maximum rated current. 
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Fig. 15—The distribution of energy over the harmonic spectrum 
corresponding to the pulses shown in Fig. 14. 

The cathode-grid structure is such, however, that for 
surges of as short a duration as those involved here the 
emission is effective for only that portion of the cathode 
immediately before the grid opening since the ioniza-
tion formed in this region does not have sufficient time 
to diffuse to the more remote regions and neutralize 
the space charge before the condenser discharge is com-
plete. The 287A and 323A tubes are better adapted in 

this respect. 
Fig. 15 shows the distribution of energy in the har-

monic spectrum with reference to the lowest harmonic 
measured. The current analyzer which was employed 
did not permit measurements below the tenth har-
monic or 600 kilocycles per second. The value for the 
power at this frequency is denoted as Wo. If the dis-

charge were of an exponential form 

=„ joe—giRco 

the energy in this spectrum would decrease slowly with 
the harmonic order and should have decreased to a 
level 3 decibels below that for the lowest harmonic 
at a frequency 1/27rRCo. It will be observed that for 
surge durations as short as those illustrated the dis-

tribution differs from the predicted result. The de-
viations result from the departure from the ideal 
condenser-resistance discharge form caused by the 
ionization time of the tube, and the resistance of the 
gas path and also from the difficulty in eliminating 

small lead inductances. 
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EFFECT OF VAPOR PRESSURE 

The vapor pressure for a gas-filled tube has a marked 
effect on the course of the breakdown as would be ex-
pected. This is shown in Fig. 16 where a number of 
oscillogram tracings for a given set of discharge con-
stants and various bulb temperatures are given. The 
more rapid breakdown at higher pressures is the result 
of the increased probability of collison. A limitation 

T . 29*C 

p.0.0023 MM Hg 

DISCHARGE DURATION 
t > 0 5p SEC. 

T  38° C 
Pr000SI MU kg 

t=0.226 p SEC 

T. 55*C 

p= 0.022 MM. Hg. 
t=0.112).LSEC. 

T = 48*C 
P.0.012 MM Hg. 

t  0.195 p SEC. 

T=65ec. 
(REDUCED INPUT) 

p =0.057 um.Hg. 
t = 0.iio  SEC. 

Fig. I6—The effect of vapor pressure on the pulse form for a 
Western Electric 287A tube. The switching frequency was 60 
kilocycles per second. 

in the improvement which may be effected by an in-
crease of pressure results from difficulty in maintaining 
stable operation in the sense discussed earlier, since 
the critical ratio increases rapidly with pressure. Be-
cause of the effect of temperature upon vapor pressure, 
it is desirable to use tubes filled with a rare gas. How-
ever, a tube of the 323A type which has a combination 
filling of mercury and a rare gas operates satisfactorily. 

OPERATING FREQUENCIES 

This circuit has been operated at fundamental fre-

quencies as high as 300 kilocycles with standard tubes. 
The operating efficiency at such frequencies is low be-
cause of the large potentials required on the grid circuit 
to maintain stable operation. The inclusion of a large 
resistance in the grid circuit is not effective since it re-
quires a corresponding increase in the applied potential 
to maintain stability. However, the circuit modifica-
tion shown in Fig. 17 should permit improved opera-
tion. In this case a diode is connected in series with the 
grid and poled so that the grid cannot be driven posi-
tive through the diode. In shunt with the diode is con-
nected a high resistance to avoid charging difficulties. 
This permits a low resistance in the grid circuit during 
deionization and a high resistance during the period 
when the drivine voltaee is positive. 

CF1-1 

L1 
-J 

Z p 

•   

Fig. 17—A circuit schematic for a harmonic generator illustrating 
the use of a diode to prevent power loss in the grid circuit during 
the positive excursion of the grid-control potential. 
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A Note on the Characteristics of the Two-
Antenna Array* 

CHARLES W. HARRISON, JR.t, ASSOCIATE, I.R.E. 

Summary—The definition for the "effective length" of a trans-
mitting antenna, which was recently brought to the attention of 
PROCEEDINGS readers, is used in deriving expressions for the radia-
tion function, radiation resistance, directivity, and gain of a two-
vertical-antenna array, when the relative phase of excitation and current 
amplitudes are of arbitrary value. The formulas derived for computa-
tion of the array characteristics are so simple that they may be applied 
by anyone haring a rudimentary knowledge of antennas and mathe-
matics. Since the assumption of a perfect earth is made, the results are 
precise only for antennas operated at broadcast frequencies, and at 
longer wavelengths. 

N
UNIEROUS articles have appeared in the 
literature dealing with the subject of directivity 
patterns, radiation resistance, and other char-

acteristics of antenna arrays.'—" Without doubt, the 
problem of the two-vertical-antenna array, when the 
relative phase and current amplitudes have any given 
value, can be solved using methods already described. 
It is thought, however, that with the introduction of 
a new definition for the "effective length" of a trans-
mitting antenna, a re-examination of the solution of 
certain antenna problems is warranted, particularly 
in view of the great simplification usually obtained. 
It is with this thought in mind that the writer has 
prepared the present paper. 
The effective length of a transmitting antenna as 

given by King" is defined as the coefficient of the 

• Decimal classification: R125. Original manuscript received by 
the Institute, April 27,1942. 
t Cruft Laboratory, Harvard University, Cambridge, Massa-

chusetts. 
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transmitting systems," PROC. I.R.E., vol. 19, pp. 1184-1216; July, 
1931. 
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leading term in a Fourier expansion of the field char-
acteristic, for antennas of half length h which are less 
than X/r, but not for longer ones. More precisely," 

cos (H cos 0) — cos II 
V(0) =   

sin 0 sin H 

2(.10(H) — cos H) sin 0 
Ile sin 0.  (1) 

sin H 

Here V(0) is defined as the field characteristic referred 
to the input current. 

H=00h, (30= 271-/X; h is the antenna half length 
or the full length for an antenna located over 
a perfectly conducting'half space. The latter 
definition for h is applicable in this analysis. 
0 is measured from the vertical, for linear 
radiators, lying parallel to the z axis, as 
shown in Fig. 1. 

H. is the effective length of the antenna. It is 
to be borne in mind that 

V(0)  Hesin 0 

only when 
0  II  2. 

(2) 

(3) 

For longer antennas, the second term in the Fourier 
expansion for V(0) will be required." 

ECTLY 
CTING PLANE 

Fig. 1—The two-antenna array. 
Note: Point P is the distant zone. If In leads IA by 7, then 

choose IA as the reference current, and //3= K/A•4 II. If IA is to be 
used as the reference current, In should not lead IA by more than 
180 degrees. 

Although the derivation of V(0) is based on the 
assumption of a sine current distribution, one ad-
vantage of the approximate representation of the field 
characteristic is that the radiation resistances so de-
termined from its use agree more closely with the 

from the second CiX. In (73), (81), (82), and (86), the factor sin II 
or sin' II in the denominator should be omitted. In the eighth line 
from the end of the article, (53) and (52) should be interchanged. 

13 See equations (52), (53), and (61) of footnote 12. 
14 See equations (54) and (62) of footnote 12. 
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values obtained from the rigorous analysis, when the 
assumption of an infinitely thin conducting thread is 
not made. 16.16 
Now it can be shown that a dimensionless radiation 

function referred to the input current for any vertical-
antenna array, when erected over a perfectly conduct-
ing half space can be defined by 

Ko2(op 4)) = 4v2(0)p2(O, 4)). (4) 

The quantity 

Roe = —15- f  f  K 02(0, CO sin 0d0d4,,  (5) 
4r 0 

is the radiation resistance in ohms referred to the input 
current in either antenna. 
The directivity of the array, corresponding to that 

given by Carter, Hansel!, and Lindenblad" is 

151‘02(0.,   
D =   (6) 

Here B„, and 4)„, are the values of 0 and 4)correspond-
ing to the direction of maximum radiation. For the 
problem under discussion, 0,,,= r/2 under all conditions. 
The gain of an antenna array, expressed in decibels, 

is defined by 

db gain = 10 logio —  (7) 
Do 

where Do is the directivity of the reference antenna, 
which may be taken conveniently as a half-wave 
dipole in free space. Such a dipole has a directivity Do 
of 1.64, if one assumes an infinitely thin conducting 
thread. 

A word must be said at this point relative to the 
function P(0, cn). Antenna engineers will recognize 
this function immediately as the so-called "array 
characteristic." It is that quantity by which the field 
of a single antenna must be multiplied to give the field 
of the entire array (assuming like elements). For the 
two-antenna case, the value of P(0, 4) when the rela-
tive phase of the antennas, and the current amplitudes 
are adjusted in any arbitrary manner, is 

2rd 
P(0, 4,) = 1/1+ K2 + 2K cos Ey  cos 4) sin 0). (8) 

Here 7 is the electrical phase angle between the cur-
rents in the two antennas. The sign of 7 is to 
be chosen as indicated in Fig. 1. 
is the azimuth angle, measured as shown. 
is the spacing between the antennas in meters 
(if A is measured in meters). 
is the ratio of current amplitude in one of the 
antennas, to the current amplitude in the 
reference antenna. The amplitude of the latter 
current is taken as unity. 

" E. Hallen, "Theoretical investigations into the transmitting 
and receiving qualities of antennas," Nova Acta Upsaliensis, ser. IV, 
vol. 11, pp. 1-44; November 11, 1938. 

18  R. King and G. H. Blake, "The self-impedance of a symmetri-
cal antenna," Pkoc. I.R.E., vol. 30, pp. 335-349; July, 1942. 

17  See page 1802 of footnote 4. 

When 0=7/2, (8) becomes 

2rd 
P(4,) =  1 + K2 + 21i cos (7 —  ‘1)).  (9) 

X 

A plot of (9) gives the azimuth pattern in the per-
fectly conducting plane. 
Substituting (8) and (1) in (4), 

K02(0, (1)) = 4/L2 sin2 oh1 + K2 -I-
2rd 

2K cos (7 — 

Using (5), the radiation is 

5 
Roe =-1--- 11,2 f 

r  0 

where 

f [ 1 +  K 2 + 

cos 4) sin 0)].  (10) 

( lird 
sine 0 2K cos 7 — 7 -- cos (I) sin 0  d0d 4, (11) 

A 

= 2[J0(11) — cos II] 

sin II 

as before. 

Several of the terms involved in an expansion of (11) 
are very simple, and when these are integrated, one 
may write 

15  8/r   R oe  r 
,.2[( + K2) - 2K (cos 7 f 02r 

3 
=  /4  

0 

cos [(i.lod) cos 4) sin 01 sine 0d0d4, + sin 7  2r f  w 

sin (Ood cos 4) sin 0) sine Od0(143)]  (12) 

where 130 is written for 27r/A. 
In (12) one is principally concerned with the evalua-

tion of the integrals. The first one may be written 

r 2r f  r 

COS 030d cos 41 sin 0) sin' 0d0d4, 

2r 

= f si• n' 0d0 f  cos (130d cos 4) sin 0)d4) 
0 

=_-  si• n' OdO f  cos (F cos  
0 

(13) 

where F=130d sin 0 and is constant in the integration of 
the second factor. 
It is known that"." 

10 
2r 

cos (1: cos 49d(1) = 27d0(1"). (14) 

" G. N. Watson, "A treatise on the theory of Besse' functions," 
Cambridge University Press, Cambridge, England, 1922. 

19 N. W. McLachlan, "Besse! Functions for Engineers," Oxford 
University Press, New York, N. Y., 1934. 
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Accordingly, (13) becomes 

Now 

2r f J0(30d sin 0) sin' 0(10. 

r=ao (12)2r • 
Jo(Z) = E - 1)r   

(r!) 2 

Z2 Z4 Z6 
= 1 

2' d-  22-4' 

(15) 

(16) 
22-42.62 

Also, it can be shown that it is a legitimate procedure 
to integrate (15) using (16) term by term, as the series 
is absolutely convergent. Hence 

27 f Jo(Ood sin 0) sin' Od0  

[ f (13061)2  v = 27  sin' Od0  sin60d0 
2' Jo 

($ 22- 42 od)4vir sin' Od0 — • •  (17) 
0 

For convenience in the integration, the formula 

fo r sinn Ode = 2 
-2•4•6 • • • (n  1)1 
  for n odd  (18) 
L  1•3•5 • • • n 

is of use. Using (18) in conjunction with (17), one ob-
tains 

27r fJ0(/30d sin 0) sin' Od0 0 (2m + 2)2 
= 4ir E ( - 1)'n(fiod)2'n   (19) 

fo-o  (2m + 3)! 

A process similar to that used in evaluating (13) 
may be used in solving the second integral in (12). It 
turns out that for this case"' 

1. 
2r 

sin (F cos 43)d,l, = 0 (20) 

occurs as a multiplying factor, and thus the second 
integral in (12) vanishes. 
The radiation resistance is, therefore, 

The directivity of the array is 

60H„2[1 + K2 + 2K]  
D =  (22) 

Roe 

iff30d >7. Roe is given by (21); H. by (1). D. occurs at 

'Y — Pod cos (1) sin 0 = 0  (23) 

or since 0=90 degrees on the earth's surface, 

'Y 
cos itm = - • 

00d 

(24) 

Now if Pod <7, (Dm =0 degrees if 7 is positive and 
less than 180 degrees. In the latter case, 

60//.2[1 + K2 + 2K cos (7 — god)] 
D =  (25) 

Ro° 

which is to say that D.  occurs on the line joining 
the two antennas, and on the same side as the antenna 
having the lagging current. The angle of lag must not 
be more than 180 degrees, if the above conditions are 

to apply. 
Upon finding D from either (22) or (25), as the case 

may be, (7) may be employed directly to obtain the 
gain in decibels of the array referred to any arbitrary 
reference antenna. 
Example: 
Let it be required to investigate the performance of 

the following array: 
Operating wavelength X=508.5 meters 
Tower height h=106.7 meters = 0.21X 
Separation d = 225.5 meters = 0.443X 
Current in east antenna IE= 14.2 amperes 
Current in west antenna /w = 8.7 amperes 
Here the currents IE and /w correspond to the cur-

rents In and IR, respectively, in Fig. 1. 
The current /w leads IE by -y =30 degrees. 
It is the understanding of the writer that the above 

data apply to radio station WEEI in Boston, Massa-

chusetts. 
It is evident from the data that 

130h= 75.6 degrees =1.32 radians 

and 
04=159.6 degrees =2.786 radians. 

60 (Jo(H) — cos 11)2 183r  (00d)2'n(2m + 2)21 
Roe = —    (1 + K2) + 87rK cos 7 E ( - 1)̂ 2   

sin' II  3  (2m + 3)!  J 

15 [ 2Gfo(i0  2  2 — cos //)  [87 
  — (1 + K2) + 87K cos -y  15  (Oodr  (1310: 
3sin  II 

An investigation of (21) reveals that for the average 
antenna spacings, only a few terms in the expansion 
are required, as the series converges rapidly. Thus the 
problem of radiation-resistance determination for the 
two-vertical-antenna array is an extremely simple 
process, and can be carried out easily by the radio-
station personnel. 

)1 (21) 

If one refers the radiation resistance to the input 

current in the cast antenna, the factor 

K=8.7/14.2=0.613. 

Equation (9) then becomes 

PO)) =  .375 + 1.225 cos (30° — 159.6° cos (1)). 
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A plot of this relation is the azimuth directivity of the  where 
array in the perfectly conducting plane. The azimuth 
pattern for this particular antenna is hardly of suffi-
cient interest to warrant reproduction here. 
The radiation resistance should be computed from 

(21). One has 

[2(J0(//) — cos M T 
0.556.   — 

sin H 

This value may be computed directly or read from the 
curve shown in Fig. 2, for 11=1.32 radians. 

30  H i   

25 

(2(4,(H)- cos 1-0/sin 1-1)1 

H • I3.h • 2 Is h A 

20   

H: 15   

10 

0  05  10 
I I I  1 1 1 1 1 1 1 

15  2.0  25 

Fig. 2—The square of Ho as a function of the angular antenna 
length H. 

Also, 15/r(0.556) =2.65. Using the above values, 
and noting that $0d =2.78 radians, and K=0.613, (21) 
becomes 

Rol = 2.65[11.52 + 6.66(1.33 — 2.07  0.861 

— 0.165 + 0.018 — 0.00013) + • • 

from which Re= 30.2 ohms. 
The total power radiated 

Po = /z2Roe= (14 .2)2(30 .2) = 6.08 kilowatts. 

This is naturally an optimistic result, as ground 
losses have not been taken into account. A previous 
set of antenna-current values for this same station were 
/E =12.4 amperes and /w =8.6 amperes. For this 
case, Ros=32.5 ohms referred to I, and the power 
radiated is 5.0 kilowatts. Here again, ground losses 
have not been considered. 
Using (22) 

D
60(0 .556) [1 + K2 ± 2K] 

=   
Re 

K = 0.613 and Ro° = 30.2 ohms. 

The expression for D given above is the correct one, 
for in this case 

cos (30 degrees — 159.6 degrees cos II) = 1, 

when 

Hence 

= 79.2 degrees. 

D = 2.87. 

Using (7), we find" that 

(2.87 
gain = 10 logio   = 2 43 decibels. 

1.64 )  

The latter figure represents the gain of the WEEI an-
tenna above a half-wave dipole located in empty space. 
In this particular instance, the figure for the antenna 
gain also approximates the gain of the array over a 
single tower element. 
From the general solution of the problem of two 

vertical antennas, and from the illustrative example, 
it is clear that the approximate representation of the 
field characteristic by the leading term of a Fourier 
expansion is of extreme importance, when one is faced 
with the solving of intricate antenna problems. 
In conclusion, it is well to state that whereas the 

assumption of a perfect earth was made in carrying 
out the analysis, a consideration of the effective di-
electric constant and conductivity of average soil, as 
it affects the results, shows that the method of images 
is satisfactory, when the earth is treated as a perfect 

conductor for frequencies in the broadcast band, and 
for longer wavelengths. 
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sistance is 

and /4=-151-' ti 02(0 sin OdO 

30K. 02(0 
D —   

Re 
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Lightning Striking Frequencies for 
Various Heights* 

D
ATA have now been obtained in the lightning 
investigations conducted by the Westinghouse 

  Company on the number of times per year 
objects of varying heights are struck in regions of 
isoceraunic levels varying from 25 to 45 storm days 
per year. These are shown in Fig. 1 together with 
similar data which have been obtained on the Empire 
State Building. 

TABLE I 

RECORD OF THE NUMBER OF TIMES OBJECTS 
OF VARYING HEIGHTS ARE STRUCK 

Object and Location 
Num-Height  Times 

Feet  V̀e'a"rs' Struck 

Average 
No. 
Year 

Mast at North Wales Substation (Phil-
adelphia) of Philadelphia Electric Co. 

10 Fire Towers of the Pennsylvania 
State  Department  of  Forests and 
Waters. Western Pennsylvania 

Radio Tower of W WS W. Pittsburgh 

Radio Tower of W HK 
Radio Tower of WCLE 
(Both Cleveland) 

Radio Tower of WADC 

Cathedral of Learning of University of 
Pittsburgh 

Anaconda Copper Company Smoke-
stack at Great Falls. Montana 

Anaconda Copper Company Smoke-
stack at Anaconda. Montana 

Empire State Building. New York City 

80 

100 

100 

300 
300 

360 

4 

3 

3 

535  3 

545 

565 

2 

2 

1250  3 

2 

6 

6 

0.25 

0.2 

0.33 

1.0 
0 

2.0 

2.7 

0.5 

2.5 

68  23 

These objects are in regions of isoceraunic levels varying from 25 to 45 storm 
days per year. 

The curve of Fig. 1 was obtained by grouping the 
data into mean values of height and averaging the 
strokes per year for each group. A mast 200 feet high 
can be expected to be struck about once every one 
and one-half years and a 100-foot mast about once 
every three years. Laboratory tests indicate that for 
strokes that do not have appreciable upward leaders, 
the strokes attracted to a mast increase linearly with 
the height of the mast. This relation is indicated by the 
general shape of the lower part of Fig. 1. The upward 

• Decimal classification: 537.4. A release from the Westing-
house Editorial Service, East Pittsburgh, Pennsylvania. Re-
ceived by the Institute, December 2, 1942. 

trend of the curve for high objects is probably due to 
the upward streamers that occur in nature from ob-
jects of such height. 
When considering a single building, 1 per cent ex-

posure results in one stroke every 200 to 400 years 
and 0.1 per cent exposure in one stroke every 2000 to 
4000 years. However, many systems have a large 
number of substations, which increases the over-all 
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Fig. 1—A chart showing the lightning striking frequencies for 
varying heights (b) shows the calculated effect of the area of a 
structure at various heights. 

exposure. Balanced against the desirability of perfect 
shielding is the increase in cost incident to taller 
shielding structures. Certainly not over 1 per cent 
exposure should be permitted and when a comparison 
between the height of the shielding structure required 
to obtain 0.1 per cent exposure over that for 1 per cent 
exposure is made it will be seen that, in general, the 
added height can be obtained with little increase in 
cost. For this reason an exposure figure of 0.1 per cent 
is used in discussing the shielding of structures. 
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Discussion on 

"A Contribution to the Theory of Network Synthesis"* 
R. A. WHITEMAN 

E. A. Guillemin': The contribution of this paper 
is not evident inasmuch as the central formula, equa-
tion (16), is nothing more than the essence of the 
Fourier-integral method of formulating transient re-
sponse and hence is as old as this theory itself. It 
merely expresses the well-known fact that the trans-
form of the response is equal to the product of the 
transform of the applied signal and the system func-
tion. 

The heuristic derivation of the Fourier integral 
given in this paper is likewise well known since the 
demonstration that the Fourier series is a special case 
of the Laurent expansion may be found in various 
textbooks on function theory. 
In the belief that equation (16) alone furthers the 

solution to the general synthesis problem, the author 
is apparently unaware of the real difficulties of this 
prob!em, and the limitations within which this formula 
can usefully be applied. In the design of two-terminal-
pair networks, for example, the formula yields only the 
transfer function, which alone does not specify the 
network. The author dismisses this item with the un-
helpful remark that "the four-terminal-network prob-
lem requires, for its solution, supplementary data in 
the form of prescribed driving-point-impedance func-
tions." The restrictions on the use of the formula which 
are imposed by conditions of physical realization are 
not mentioned. 

In the illustrative example (which incidentally is the 
only novel item in the paper) the author uses the term 
"equivalent network" in a sense which is decidedly re-
stricted. Unless this restriction is clearly appreciated 
by the reader, the implication contained in the result 
may be seriously misleading. Finally, the process of 
finding a network which realizes the impedance func-
tion, equation (20), does not require Brune's method 
since it is recognized as the impedance of an RC net-
work and hence synthesized by the simpler method of 
Cauer's extension of Foster's reactance theorem. 

R. A. Whiteman': With reference to Professor E. A. 
Guillemin's letter concerning the above paper, I would 
like to emphasize a few facts. 

It is well known that an important advancement in 
network synthesis was achieved when a procedure was 
developed of finding a two-terminal network consisting 
of the elements R, L, and C that satisfied a given im-
pedance function. For such a procedure to have prac-
tical value, however, one or several methods of obtain-

* PROC. I.R.E., vol. 30, pp. 244-247; May, 1942. 
I Department of Electrical Engineering, Massachusetts Insti-

tute of Technology, Cambridge, Massachusetts. 
6600 N. Bosworth Ave., Chicago, Illinois. 

ing z(p) must be available from prescribed attenuation 
and phase-shift requirements or their equivalent. Th 
method discussed in the above paper was based en 
tirely upon prescribed transient conditions and, to my 
knowledge, has not been published in the past. 
Equation (16) could have been obtained by other 

methods, even those used in operational calculus, but 
the method used was selected because equations (3) 
and (4) are dependent directly upon the Laurent ex-
pansion theorem and not upon the Fourier series. 
Furthermore, they are not printed in the well-known 
texts on functions of a complex variable. 
The physical realization of a network satisfying the 

prescribed transient conditions may be determined by 
applying methods already published concerning the 
restrictions applied to z(p). 
The illustrative example was merely selected to 

illustrate the method of using equation (16) and not 
for the purpose of demonstrating Brune's method. No 
further justification of the example seems necessary. 

E. A. Guillemin': Mr. Whiteman states that his 
formula, equation (16), has to his knowledge not been 
published previously. Since the relationship expressed 
by this equation is the very essence of the Fourier-
integral method of transient network analysis and 
hence familiar to all who have a basic knowledge of the 
fundamental reasoning upon which this method oper-
ates, it seems altogether superfluous to consider it 
necessary that mention be made of prior publication 
regarding this item. Indeed, it may prove difficult to 
determine just when and where this matter was first 
pointed out. Therefore, I merely call attention to one 
well-known reference where this formula appears, 
namely in the Bell System Monograph B-584 entitled 
"Fourier Integrals for Practical Applications," by 
G. A. Campbell and R. M. Foster. On page 24, the 
third of three unnumbered equations expresses (in a 
different notation, of course) precisely the same rela-
tionship as Mr. Whiteman's equation (16). The para-
graph immediately preceding the three equations just 
referred to contains, in a nutshell, the point at issue. 
"For any system where the principle of superposition 

holds, any cause C(t), its effect E(t) and the corre-
sponding admittance Y(f) are connected by a relation 
which may be written in any one of three ways which 
explicitly express each of the three quantities in terms 
of the remaining two. . . ." 

I might add that the underlying thought involved 
here, namely, that the transient behavior of a network 
is uniquely characterized by the steady-state response 
function of the system, is now so widely used, and is 
considered of such fundamental importance in many 

C 
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branches of engineering work that the precise equation 
referred to above has found its way into the regular 
instruction given in the junior year by the Mathe-
matics Department here at the Massachusetts Insti-
tute of Technology. 
Regarding the derivation of the Fourier integral 

from the Laurent expansion I would like to emphasize 
again that what Mr. Whiteman does in his paper is 
entirely heuristic and can in no sense be regarded as a 
mathematical derivation. The usual procedure here 
(and this is what I refer to in my first letter as being 
well known) is first to obtain the Fourier series from 
the Laurent expansion and then proceed heuristically 
from the Fourier series to the Fourier integral. The 
first of these steps appears in various places in the 
literature, for example, in Titchmarch's "Theory of 
Functions," Oxford Press, 1932, on page 401, and again 
in Franklin's "A Treatise on Advanced Calculus," 
John Wiley and Sons, 1940, as problem 13, on page 
507. The existence of the rigorous demonstration for 
the correctness of the heuristic step from the Fourier 
series to the Fourier integral is so well known that 
references are unnecessary. 
The only novelty about Mr. Whiteman's procedure 

so far as I am aware is that he makes the heuristic step 
from the Laurent series to an analogous integral first, 
and the usual substitution involved in going from the 
Laurent series to the Fourier series afterward. This 
interchange in the order of the two essential steps in-
volved is too trivial to be regarded as a contribution. 
In fact, if it were not for the existence of extensive 
literature justifying :the usual procedure, Mr. White-
man's "derivation" would have no sound mathemati-
cal foundation at all. 
The illustrative example given by Mr. Whiteman is 

interesting but it certainly is not representative of a 
typical example in network synthesis as one is justified 
to expect after reading the title to his paper. 
Quite apart from the question of whether the presen-

tation in Mr. Whiteman's paper is original or not, it 
should be observed that the utility of equation (16), 
in network synthesis according to Brune's method (or 
other methods proceeding from the same standpoint) 
is limited because these methods require that the im-
pedance function be given as a quotient of polynomials. 
The Fourier-integral formulation does not yield the 
impedance in this form, but must in general be sup-
plemented by an algebraic-approximation process 
before the usual synthesis procedures can be applied. 
This is the chief limitation to the utility of the formula 
in question and is well recognized by those familiar 
with the art. 

R. A. Whiteman': The Bell System Monograph 
B-584, to which Professor Guillemin refers, is well 
known and is a standard reference in many engineering 
schools as well as at the Massachusetts Institute of 
Technology, although the applications of this material 

are generally restricted to circuit-analysis problems. 
Again I mention that to my knowledge this application 
to network synthesis has not been previously pub-
lished. 
The method used in order to derive equations (3) 

and (4) was brief and would appear to be a heuristic 
derivation upon a superficial reading of the paper. The 
problem of passing from an infinite series to an infinite 
integral is by no means trivial or superfluous to anyone 
familiar with NIaclaurin's work on real series. The pro-
cedure is mathematically straightforward yielding re-
sults which are not ambiguous. To illustrate that the 
method has mathematical foundations, consider the 
following extensions of NIaclaurin's work on real 
variables. 
I. If (a) f(x) is convergent and continuous in the 

interval (a,b) as n continuously approaches infinity 

(b) 

(c) 

then 

is finite and 

n—•,o 

SI =  fn(x) 
n=0 

af 
— is continuous and negative 
an 

S2 = f 'fn(x)dtt 
0 

52 < SI. 

II. If (a) fn(x) is convergent and continuous in the 
interval (a,b) as n continuously approaches infinity 

(b) 

then 

n_.. 
11 = fn(x) 

12 = f f„(x)dn 
0 

is finite. 
III. If f(Z) is a complex function of Z, absolutely 

convergent in the region R and (a) f(Z) be a con-
tinuous function of n in this region then 

is finite and 

is finite with 

LI = f I f(Z) I dn 

12 = f  f„(Z)dn 
0 

L2 LI. 

To apply the above method to the Laurent expan-
sion theorem, first consider (I) and (2) as 

f ( X)  =  E (1)(X — X0)1 • • • 
/ - 
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where 

1  f(w)dw 

A (1) = —27rj  (w — Xo)f+'  (2) 

From Cauchy's integral theorem and tlw ga m ma 
function 

.11(X0)  

r(f + 1) 
(3) 

which also applies to fractional-order derivatives. 
Since 

4 010t0) 

f oo r(f +  ) 

4)(X) =    (X  W idi  (4) 

cbi(Xo) I / 
dw • • • .  (5) 

IV+ 1)  27rj.i (w — X0)1+1 

The quantity B(f) in tlw original paper is given by the 
relation 

with 

B(f) = 
4/(X0) 

+ 

.110to) which correlates (3) and (4) of the or igina l paper  with  
lim  (X — X0)f  0  (4) and (5) of this note. + 

After all of the above correspondence has been read, 
the summation (1) becomes an integral of finite value  there does not seem to be any evidence of a similar 
0(X). That is,  paper having been published.' 



Institute News and Radio Notes 

Engineers in Wartime 

Radio-and-electronic engineers may 
justly feel proud of their present role. We 
are pleased to present some encouraging 
statements made late in December, 1942, 
by James G. Harbord, Lieutenant-General 
United States Army (Retired) and Chair-
man of the Board of the Radio Corporation 
of America. General Harbord said, in part: 
"The United Nations should look for-

ward to 1943 as a year bright with promise 
in the war against the Axis. Here in the 
United States, after long, hard months of 
preparation, we are getting results scarce 
believed possible a year ago. Millions of 
men are being equipped and trained in 
modern warfare. Our industrial capacity 
has been geared to a speed that will eventu-
ally overwhelm the enemy with its weight 
and power. With all its implications for 
final victory, this power should come into 
full force during 1943. 
"Real fighting is ahead. Wherever the 

battle lines are drawn, radio will be in the 
thick of the fight, for it is the life line of 
wartime communications on land, sea, and 
in the air. 
"The war map today reveals that 

American soldiers, sailors, and marines are 
lined up at more than sixty places on the 
world-wide fighting front. To unify them 
in communications is a mighty task. With-
out radio it would be a slow, almost impos-
sible task. Every outpost, whether in jun-
gles or on glaciers, no matter how remote, 
is linked to headquarters. American fight-
ing men, almost a million of them, are 
focused in action by radio—the global life 
line of communications. 
"In World War I, the center of action 

lay in France. From that battle front 
radiated the communication lines. Wireless 
was being given its first wartime test, but 
at no time did the demands upon it re-
motely approach those of World War II. 
In the intervening years, the development 
of the electron tube, of short waves, and 
of many other devices and services of radio 
have tremendously increased the efficiency 
of communications. The result has been 
that in 1942, radio was ready to play the 
vital role assigned to it on the many far-
flung fronts... . 
"Science, through development of the 

electron tube, put radio in the fight and 
made it indispensable to the modern 
mechanized army, to the air corps, to the 
fleet, and to the merchant marine. Without 
the radio tube so wonderfully developed 
since World War I, radio could not play 
the important role it now has in warfare. 
'I he electron tube made radio equipment 
compact, portable, mobile, efficient, and 
extremely dependable. That was not so 
with the cumbersome wireless apparatus 
that used the spark transmitter and 
crystal detectors in the first World War. It 
was not until the final period of the conflict 
that the radio tube began to find service in 
the Army and Navy. 

"Radio now qualifies as the voice and 
ear of the Army Signal Corps, of Naval 
Communications, and of the Air Corps. 
We have but to look at the global-war map 
to realize the great importance of radio. Its 
definite assignments and achievements 
necessarily are military secrets. But when 
we compare the present demands upon 
communications with those of the first 
World War, it is easy to understand that 
radio's present role is a thousandfold more 
important. The airplane, the world-wide 
transport problem, and blitz warfare, all 
of which call for utmost speed and effi-
ciency in communication, have multiplied 
the demands and responsibilities of radio. 
"Within the past year—a year of tire-

less effort in the manufacturing plants— 
the men and women on the production 
front have given the American armed 
forces the finest radio equipment in the 
world. As the war rages into 1943, every 
American finds himself and herself linked 
in some way with the battle. There must 
be no letup on the home front. Every day 
in the New Year must find production 
rushing full speed ahead to the battle 
fronts. Then, and only then, will the last 
battle end in our victory." 

Executive Committee 
The meeting of the Executive Com-

mittee, held on December 29, 1942, was 
attended by Haraden Pratt, acting chair-
man; I. S. Coggeshall; Alfred N. Gold-
smith, editor; R. A. Heising (guest); F. B. 
Llewellyn; B. J. Thompson; and W. B. 
Cowilich, assistant secretary. 
Approval was granted to 80 applica-

tions for Associate, 117 for Student, and 
2 for Junior grades. 
The firm of certified public account-

ants, to make the financial audit of the 
Institute's 1942 records, was chosen. 
Miss Martha Stevens has been em-

ployed to fill the vacancy of office manager. 
As a result of changes in staff and editorial 
procedure, Mrs. Peggy Nelson has been 
engaged as editorial assistant. 
Editor Goldsmith reported on the num-

ber of papers received for the PROCEEDINGS 
and on the procedure and prospects for 
obtaining others in the future. 
A further discussion was held on the 

subject of the budget for 1943. Considera-
tion was given to adjustment of salaries of 
the office staff. 

The Executive Committee met on 
January 4, 1943, and those in attendance 
were Haraden Pratt, acting chairman; 
I. S. Coggeshall (guest); Alfred N. Gold-
smith, editor; R. A. Heising (guest); F. B. 
Llewellyn (guest); B. J. Thompson, L. P. 
Wheeler (president-elect); and W. B. 
Cowilich, assistant secretary. 
The budget for 1943, with further re-

visions, was approved for submission to the 
Board of Directors for affirmative action. 
The Institute's contract with Mr. 

W. C. Copp, responsible for soliciting 

advertising in the PROCEEDINGS, was 
amended with regard to the rate of com-
pensation paid Mr. Copp, subject to the 
approval of the Board of Directors. 
The personnel of several committees 

was developed for recommendation to the 
Board of Directors. 
Assistant Secretary Cowilich reported 

that the Victory Tax, applying to the 
salaries of the entire staff, is being put into 
effect. 
Mr. Pratt presented information on the 

recent meeting of the Consultative Com-
mittee on Engineering of the Division of 
War Manpower Commission, which he 
attended as an alternate for President Van 
Dyck, prior to submitting a similar report 
to the Board of Directors. 
Mr. Thompson reported on his investi-

gation of the subject of draft deferment of 
radio personnel. President-elect Wheeler 
was appointed chairman of a committee 
on the subject, with authority to select the 
personnel of the particular committee, and 
it was agreed to recommend this action to 
the Board of Directors. 
Editor Goldsmith called attention to 

the possible extension of censorship re-
quirements applying to mailing of PRO-
CEEDINGS to countries other than those 
now thus affected. Recommendation was 
made to the Board of Directors that a 
suitable and specific policy be established. 
Editor Goldsmith also reported on the 

progress of the standards work being done 
by the Sectional Committee on Radio of 
the American Standards Association, of 
which he is chairman. It was learned that 
Editor Goldsmith, acting as Institute 
representative through A.S.A., is active in 
work for the War Production Board in 
standardization of ceramics for radio 
insulations. 

Contributors  

A. B. BERESKIN 

Alexander B. Bereskin (A'41) was born 
in San Francisco, California, on November 
15, 1912. He received the E.E. degree 
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from the University of Cincinnati in 1935. 
This was followed by work with the Corn-
monwealth  Manufacturing Corporation 
from 1935 to 1937 and with the Cincinnati 

C. W. HARRISON, JR. 

Gas and Electric Company from 1937 to 
1939. In 1939 he returned to the University 
of Cincinnati as a teaching Fellow and 
receivel the M.Sc. degree in engineering 
in 1941. Since that time Mr. Bereskin has 
been connected with the electrical engi-
neering department of the University ot 
Cincinnati as an instructor. He is a mem-
ber of Sigma Xi and the A.I.E.E. 

Charles W. Harrison, Jr. (A'36) was 
born in Virginia in 1914. He has been a 
student at the Naval Academy, University 
of Virginia, Harvard University, and the 
Massachusetts Institute of Technology. 
His experience includes amateur, naval, 
and broadcast-station operation, as well 
as research work at the Navy Department 
in Washington. At the present time Mr. 

GEORGE F. LEVY 

Harrison is a member of the Cruft Labora-
tory Staff, Harvard University. 

George F. Levy (S'37-A'39) was born 
in Chicago, Illinois, on July 11, 1913. He 
received the B.S. degree in electrical engi-
neering from Purdue University in 1937. 
From 1937 to date he took postgraduate 
work in electrical engineering at the 
Evening Graduate School of the Armour 
Institute of Technology, now the Illinois 
Institute of Technology. In 1933 and 1934 
he was employed in the test and inspection 
department of the Grigsby-Grunow Manu-
facturing Company and in 1934 and 1935 
he worked in the engineering department 
of the Zenith Radio Corporation. During 

H. E. Rovs 

1942 Mr. Levy was a part-time instructor 
in radio at the Northwestern Technological 
Institute. Since 1937 he has worked as a 
communication engineer in the communi-
cations laboratory of the United Air Lines 
Transport Corporation. 

H. Edward Roys (A'27) was born at 
Beaver Falls, Pennsylvania, on January 7, 
1902. He received the B.S. degree in elec-
trical engineering from the University of 
Colorado in 1925. He entered the radio 
test section of the General Electric Com-
pany in 1925, and was transferred to the 
RCA Manufacturing Company in 1930 as 
a development engineer. He is still with 
the same company, and his work has been 
mainly with disk reproducers, recorders, 
and turntable drivers. Mr. Roys is a mem-
ber of Eta Kappa Nu and Tau Beta Pi. 

William G. Shepherd (A'42) was born 
on August 28, 1911, at Fort William, Ont., 
Canada. He received the B.E.E. degree in 
1933 and the Ph.D. degree in physics in 
1937 from the University of Minnesota. 

From 1933 to 1937, Mr. Shepherd was a 
teaching fellow in physics at the University 
of Minnesota. Since 1937 he has been a 
member of the research department of the 
Bell Telephone Laboratories, engaged in 

W. G. SHEPHERD 

nonlinear circuit and electronics research. 
He is a member of the American Physical 
Society and Sigma Xi. 

C. L. Townsend* (A'42) was born on 
July 9, 1909, and began his radio career 
in 1927. Two years of commercial broad-
casting led to a year as sound engineer in 
Hollywood. For eleven years he has been 
a member of the National Broadcasting 
Company's engineering department, the 
last five of which he has been assigned to 
television operational development. Since 
the recent reduction in television service, 
he has been engaged in development work 
on NBC contracts with the National De-
fense Research Council. 

" Paper appeared in the January. 194.3, issue of 
the PROCEEDINGS. 

C. L. TOWNSEND 
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Correspondence 

The Potentiometer Idea in 
Network Calculation 

In alternating-current circuit work, it 
frequently happens that the ratio between 
two complex voltages has to be calculated. 
In the emergency situation of today it is 
important that alternating-current cal-
culations be performed as fast as possible 
and with a minimum chance for error. It 
seems to the writer that the potentiometer 
idea of handling networks is unfamiliar to 
many engineers and students. They start 
the calculation of a complex voltage ratio 
by writing an expression for the circuit cur-
rent, only to eliminate the current before 
they give the final answer. The disadvan-
tage of this widely adopted method com-
pared with the potentiometer method is 
twofold: 

1. The calculation takes more time and 
requires more space. 

2. The sign and direction of the current 
must be dectded, and if that is not 
done correctly, an error may result. 

An example of the method where an 
auxiliary current is introduced is shown on 
page 503 of the November issue of the 
PROCEEDINGS. Here, in the interesting arti-
cle on "The Q Meter and Its Theory," a 
current is introduced and written one way 
in equation (1) and another wayl in equa-
tion (2). By substitution, a relation be-
tween two voltages V and e is obtained and 
the current drops out. The circuit is shown 
in simplified form in Fig. la. If, instead of 

19 — 

'9 + Z 

EY= — Zerle = 

Eb =  

—R,  —R,  pE, 
,E6= — E 9 = —  (+ Z) 

Z,  Z,  rp + Z 

Eb 

E„, 
 (1) 

R.Re(R.+jX.)  R, 

V.A.= 

1+ • rL'+ -ri+f (1 + -r1 ) 
Re R,  R.  Rb 

pE, 

A (2) 

where X.= —1/14C. If a sign error enters 
into the equations involving currents, the 
answer may come out with a minus sign, 
representing a phase shift of 180 degrees 
that does not exist with the notations 
adopted in Fig. lb and lc. 
The potentiometer method gives di-

rectly 
R. 

Eb =   R.  jX. X r„ + Z X AA, 

V.A. = — = (same as equation (I)) 
E, 

V.A. = (same as equation (2)). 

As no current is involved here, no diffi-
culty with additional signs and their rela-
tion to directions in the diagram enter in. 
In the article referred to, the voltages 

are introduced without direction. Although 

C  Z  

Fig. 1 

the conventional method, the potentiom-
eter idea is applied, the final equation (4) 
is easily written down directly as 

V  1 / j..+C 

e  R. + fed.. + look 

1 

1 — co2L„C + jo,R„C 

An RC-coupled amplifier at low frequencies 
provides another typical example. Sup-
pose the gain of the amplifier shown in 
Fig. lb is to be calculated. Following the 
more or less conventional idea of introduc-
ing currents, we may obtain 

I Obviously, Co in equations (1) to (4) 
should be C. 

this is a common practice, it is dangerous 
as soon as the circuits get complicated and 
ought to be avoided. Further, the calcula-
tion is performed in jcaL's and 1/jeuC's 
instead of jX's, and as this again is com-
mon practice, no criticism of the author 
of the valuable article on the Q meter 
is intended. In equation (8) the absolute 
impedance has the same notation as the 
complex impedance. Again this is often 
done in practice, but it is dangerous. 
The points made above along with 

some others are summarized as follows: 

I. Draw circuit diagrams and avoid 
introducing voltages without put-
ting signs on them. Very often a 
voltage (or current) notation with-

out indication of direction is mean-
ingless. 

2. Do not introduce currents if cur-
rents are not asked for or required 
for any special reason. 

3. Make use of the potentiometer idea. 
4. If there is not a good reason for the 
contrary, put everything in formu-
las of the "Ohm's-law" type with 
positive sign, and check that the 
equivalent circuits satisfy condi-
tions by having the voltages aiding 
the currents. 

5. Start the calculation with Z's or 
Y's and introduce R's and X's or 
G's and B's when needed. Finally 
introduce toL's, coM's, and 1/wC's. 
This means that a choice must 
be made between Xe=1/coC or 
X,= —1/co C. The latter assump-
tion is recommended. 

6. Use different notations for complex 
values and absolute values. 

7. Look upon j, eo", IZIeio, etc., not as 
mathematical symbols, but as turn-
ing operators. This is to emphasize 
the fact that they provide phase 
shifts when operating upon certain 
quantities. Thus the impedance 
operator when operating upon a cur-
rent will produce a voltage leading 
the current by the angle 0. 

H. STOCKMAN 
Cruft Laboratory 

Harvard University 
Cambridge, Massachusetts 

Books 

Transients in Linear Systems, 
Volume I, by Murray F. 
Gardner  and  John  L. 
Barnes. 
Published, 1942, by John Wiley and 

Sons, 440 Fourth Avenue, New York, 
N. Y. 382+x pages+7-page index. 178 
figures. 6X9 inches. Price, $5.00. 
Written primarily for first-year gradu-

ate students in electrical and mechanical 
engineering, Transients in Linear Systems 
should prove of value to any engineer or 
physicist interested in transients in electri-
cal, mechanical, or electromechanical cir-
cuits. The text assumes a working knowl-
edge of differential equations and ele-
mentary circuit theory. Additional mathe-
matics is presented as needed in the de-
velopment of the subject matter. 
Volume I treats transients in circuits 

containing lumped parameters by means 
of the Laplace transformation. Distributed-
parameter circuits are reserved for Volume 
II which is to be published at a later date. 
The authors point out the advantages of 
the Laplace-transform solution over the 
other three common methods: direct solu-
tion of the differential equations, Cauchy-
Heaviside operational calculus, and Four-
ier-integral analysis. The Fourier trans-
formation, it is noted, is a special case of 
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the Laplace transformation. In many com-
mon classes of problems the Laplace trans-
formation is simpler to use than the Fourier 
transformation. This is the type of prob-
lem treated in the text. The Laplace trans-
formation justifies the methods of the 
operational calculus, but since it is rigor-
ous, the Laplace method has greater pos-
sibilities for future development. The 
Laplace method can be used in any prob-
lem where the other methods are applica-
ble, and in many additional problems. 
The second chapter of the book is de-

voted to the setting up of the network dif-
ferential equations. This material applies 
equally well for any method of solution, and 
is excellent review material for the engineer. 
An extensive table of transform pairs is 

built up as the subject is developed, mak-
ing it unnecessary to introduce the inverse 
Laplace transformation and integration in 
the complex plane until the last part of the 
volume. It is, therefore, not necessary to 
have a knowledge of complex-plane in-
tegration to work through the book. Num-
erous practical illustrative examples are 
fully worked out in the text, and practice 
problems are placed at the ends of each of 
the nine chapters. Volume I concludes with 
a chapter on integrodifferential difference 
equati,ms. Tables of operation-transform 
pairs and function-transform pairs, and an 
extensive bibliography including references 
of historical interest are included in the ap-
pendix. 
Though the volume includes both elec-

trical and mechanical problems, the engi-
neer interested in only one of these will not 
find it necessary to go through a large 
amount of extraneous material, for the two 
types of systems are considered separately. 
Most of the material applies equally to the 
two types of problems. 

D. B. HOISINGTON 
Hazeltine Service Corporation 

Little Neck, L. I., N. Y. 

The  "Radio"  Handbook, 
Eighth Edition, 1941 
Published by Editors and Engineers, 

Ltd., 1300 Kenwood Rd., Santa Barbara, 
Calif. 624 pages+15-page index. 574 
figures+7 pages of socket dimensions. 
7X10 inches. Price, $1.75. 

This book is directed to the serious 
amateur and experimenter having an ele-
mentary knowledge of amateur radio. 
(For the true beginner, an introductory 
volume "The 'Radio' Amateur Newcomers' 
Handbook" is provided.) 
The introductory chapter covers the 

general activities and services of amateur 
radio, the approach to the study of the 
code, and of obtaining amateur licenses. 
Two chapters on Fundamental Elec-

trical and Radio Theory and Vacuum 
Tube Theory cover in concise form circuit 
theory and electronics; electromagnetism 
is well covered in a presentation paralleling 
the development of the electric circuit. 
Brief, but clear, discussions are given of 
alternating currents, complex impedance, 
rectification, inductance and mutual in-
ductance; similar ground is covered in 
electrostatics. The principles of thermionic 
emission, types of emitters, action of 

vacuum tubes of varying number of 
electrodes, space charge, and secondary 
emission, are covered in the second chapter. 
Under applications and operation, the use 
of tubes as amplifiers, with calculation of 
stage gain, and the various methods of 
operation are fully covered. 
Three chapters on radio receiver theory, 

receiving-tube characteristics, and  re-
ceiver construction cover detailed descrip-
tions of the design and operation of 
elements of receivers and the construction 
of several types of receivers ranging from 
a simple two-tube autodyne through super-
heterodynes. Converters and special high-
selectivity intermediate-frequency ampli-
fiers for use with superheterodynes are also 
described. Wiring diagrams, parts lists, and 
photographs are included. The list of re-
ceiving tubes is very complete and includes 
obsolescent types. Unfortunately tubes 
on current preference lists are not specially 
identified, nor are the several manufac-
turers identified by name. 
The chapter on Transmitter Theory 

follows the approach developed in the 
chapters on receiver theory—that of dis-
cussing the design and operation of ele-
ments of transmitters before going into 
the construction of the whole transmitter. 
Such elements include oscillators, crystal-
controlled oscillators, oscillator multipliers, 
amplifiers, neutralized amplifiers, tank-
circuit design, grid-bias methods, inter-
stage-coupling units, keying circuits, and 
so on. 
Telephony theory deals similarly with 

the elements of modulation systems, 
microphones, speech amplifiers, and in-
verse-feedback systems in both amplifiers 
and entire transmitters. 
A chapter on Frequency Modulation 

covers both transmission and reception 
detailing the elements of systems in phase 
and frequency modulation, methods of 
checking linearity, and frequency deviation 
in transmitters. The part on receivers 
covers the elements of receivers including 
discriminators, limiters, and design con-
siderations involving features dependent 
on bandwidth. 
The chapter on transmitting tubes 

lists characteristics of all usual tubes, 
with socket connections. 
The chapters dealing with transmitter 

construction are based on the possibility 
of using a low-powered transmitter, at 
some subsequent time, as an exciter for a 
higher-powered amplifier unit. On this 
basis, six low-powered exciter (or trans-
mitter) units are described, with five 
suitable medium- and high-powered ampli-
fiers and nine speech-amplifier and modu-
lator units. General considerations of 
rectification, filtering, regulation, and stabi-
lization of power-supply voltages are 
followed by constructional data on regu-
lated plate and bias supplies. After the 
construction of transmitters on a "unit" 
basis is heated, six different transmitters 
are described, to be built as complete as-
semblies. These include both phone and 
continuous-wave transmitters with crystal 
or variable-frequency-oscillator control. 
The designs described, for both the "unit" 
and complete assemblies, are clean cut 
and represent the best in amateur con-
struction. 

The  ultra-high-frequency  field  is 
covered in several chapters, dealing with 
propagation, receivers and transceivers, 
and transmitters. Constructional data are 
given for several receivers and trans-
ceivers for use on frequencies up to 400 
megacycles, and on numerous transmitters 
for powers up to 125 watts and frequencies 
up to 224 megacycles. 
Several chapters are devoted to an-

tenna theory and operation. These cover 
short-wave propagation, the mechanism 
of radiation, antenna design and charac-
teristics, and methods of feeding antennas; 
various types of antenna-line matching 
arrangements are described, and construc-
tional data given. The theory of usefulness 
of directive arrays in amateur work is 
given, dealing with both vertical and 
horizontal directivity. Various types of 
directive antennas are described, but only 
those which are practical for amateur use 
are included, ,articular attention is given 
to ultra-high-frequency antennas with 
regard to mechanical construction, for both 
directional and nondirectional types. 
A chapter is devoted to Transmitter 

Adjustment, covering many suggestions 
and procedures for tuning up a transmitter, 
which should prove very helpful to the 
inexperienced. 
Under Test and Measuring Equipment, 

descriptions and constructional data are 
given for many items, ranging from volt-
ohmmeters,  wavemeters, and crystal-
controlled calibrators to vacuum-tube 
voltmeters, field-strength meters, signal 
generators, and cathode-ray oscillographs. 
The final chapters cover Workshop 

Practice, Broadcast Interference, and Radio 
Mathematics and calculations. The sug-
gestions as to methods of handling work, 
choice of tools, and layout of workshop 
space are helpful for those who approach 
amateur radio without benefit of shop 
hobbies. Many suggestions are given as to 
means for avoiding or eliminating inter-
ference with broadcast reception, several 
of which should be very helpful to the 
amateur plagued by this misfortune. The 
Radio Mathematics "covers logarithms, 
decibel expression of gain-loss, power 
levels, and voltage ratios. Reactance-
frequency and coil-design charts are in-
cluded. 
The Appendix covers Radio Laws, "Q" 

Signals, Phillips code abbreviations, artifi-
cial respiration, a study guide for amateur 
class B licenses, advertisements of sup-
pliers, and a complete index. 
No attempt has been made to check 

either formulas or material for accuracy 
throughout. In passing, the confusion of 
"affected" and "effected," and the error in 
condensive reactance (page 380  rfc for 
1/2/rfc) may be noted. 
The book covers a wide field in a con-

cise and readable manner. Oversimplifica-
tion, to meet the knowledge of the amateur 
has not impaired the accuracy of general 
concepts. The book should prove valuable 
not only to the amateur operator and 
experimenter as a guide, but also to the 
engineer as a reference of amateur methods 
and progress. 

J. K. CLAPP 
General Radio Company 

Cambridge, Mass. 



Long-Lasting 
Like the giant motors of ocean-spanning Pan American Clippers, Daven products are 

built for a long haul. Unless Daven components are abused, they invariably outlast the 

original equipment in which they have been incorporated. 

Such durability reduces servicing problems to a minimum and enables us to devote all 

of our time to the important work of supplying necessary parts and equipment to manu-

facturers of essential material. And they, in turn, know they can count on Daven for the 

most complete line of precision attenuators in the world; and for more than eighty models 

of laboratory test equipment. 

THE DAVEN COMPANY 
158 SUMMIT STREET  NE WARK, NE W JERSEY 



Over 40 Standard and Many Special Designs. 

... Resistance Range: 0.001 ohm to 10 meg-

ohms. . . . Accuracy: Tolerances as close as 

0.05%. . . . Supplied on ceramic, metal or 

synthetic forms.... Inductive or Non-Inductive 

windings. . . .Wound with the alloy you spe-

cify. . . . With any insulation commercially 

available. . . . A variety of terminals and 

mounting facilities. . . . Impregnated against 

moisture and high humidity. . . . Address 

Dept. No. 23 

MEMBER 

COLLINGDALE, PENNA. 

XyW 

Section Meetings 

ATLANTA 

"Electronic Switching," by Professor B. J. 
Dasher, Georgia School of Technology, 
November 20, 1942. 

BALTIMORE 

"Behavior of Oil Films on Water" and 
"The Construction and Use of Electrical 
Instruments," Educational Sound Mov-
ies of General Electric Company, De-
cember 17, 1942. 

BOSTON 

"A Wide-Band Oscilloscope," by Dr. E. D. 
Cook, General Electric Company, De-
cember 17, 1942. 

B UFFALO-NIAGARA 

"The Seismograph and Its Application," 
by Dr. Austin McTigue, Canisius Col-
lege, December 16, 1942. 

• 
CLEVELAND 

"The Constant-Voltage Transformer," by 
C. H. Humes, Sola Engineering Com-
pany, December 12, 1942. 

CONNECTICUT VALLEY 

Micro-Lineometer," by E. F. Travis, 
General Electric Company, December 
17, 1942. 

DALLAS-FORT WORTH 

"Multichannel Carrier Systems," by L. C. 
Starbird, Southwestern Bell Telephone 
Company, December 11, 1942. 

DETROIT 

"Wired Broadcasting as a War Moral Fac-
tor in Business and Industry," by W. J. 
Jory, Michigan Music Corporation, De-
cember 18, 1942. 

LOS ANGELES 

"Development of a Low-Frequency Time 
Standard," by R. G. Leitner and F. H. 
Gilbert, Frank Rieber Company, De-
cember 15, 1942. 

MONTREAL 

"A New Power-Line-Carrier Signaling 
Equipment," by F. A. A. Baily, Cana-
dian Marconi Company, December 9, 
1942. 

PHILADELPHIA 
"Treating Materials with Radio-Frequency 
Power," by J. P. Taylor, RCA Manufac-
turing Company, Inc., December 3, 
1942. 

Discussion of subjects important to radio 
engineers, Dr. L. P. Wheeler, Federal 
Communications Commission, January 
7, 1943. 

PITTSBURGH 
"The Strobotron," by D. F. ShanIde, 
University of Pittsburgh, and "Modern 
Methods of Radio Servicing," by W. P. 
Kaywood, Carnegie Institute of Tech-
nology, December 7, 1942. 

ROCHESTER 

"The Importance of Communications to 
the War Effort," by Dr. R. H. Manson, 
Stromberg-Carlson Telephone Manufac-
turing Company, December 8, 1942. 

(Continued on page xx) 
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IRON CORES for 150415 MEG. 

RESISTORS (fixed) 
Carbon composition resistors 
up to 3 watts, all ranges 
—insulated or molded 
construction. 

RESISTORS (variable) 
A wide variety of types for 
every volume, tone, and :en. 
sitivity control need. 

SWITCHES 
Slide-operated (either in-
dexed or momentary con-
tact)—Rotary Index and 
Toggle Types-

...another example of 
Stackpole Engineering Leadership 
Matching the demands of today's exacting applications, Stackpole has 

developed iron cores which show outstandingly favorable characteristics 
at frequencies as high as 150 to 175 megacycles. Combining a permeability 
of approximately 5 with high Q, these cores represent a big forward step in 
meeting the service requirements of much of the high frequency equipment 
now coming into widespread use. 
Other Stackpole cores for fixed or variable inductance, or for station tun-

ing, are available in a wide variety of grades and sizes for use at any fre-
quency up to 50 megacycles. Molded from powder to match your specifica-
tions, they are noted for their uniformity. All engineering samples are made 
on actual production equipment. 
Full details on any type will gladly be sent upon request. Where samples 

are needed, please send complete data as to size and frequency. 

STACKPOLE CARBON CO MPANY, ST. MARYS, PENNA. 
Stackpole Products are Sold to Manufacturers Only 

EVERYT HI NG IN CA RBO N BUT DIA MO N DS — BRUSHES (all types for all rotatong machines) — CONTACTS (all carbon, 

graphite and composition types — also molded rare metal contacts) — ANODES — ELECTRODES — BRAZING BLOCKS — BEARINGS — WELDING 

RODS, ELECTRODES  AND  PLATES — PIPE — PACKING, PISTON AND SEAL RINGS — RHEOSTAT  PLATES  AND  DISCS — BRAKE LINING, etc. 

l'rot tydttfug  th, I 11' I,' 10 ,  19 11 
xi x 



Photo by - 
U. S. Army Signal Corps 

HERE TRANSFORMERS 
MUST BE TOUGH! 

When tanks roll into action only the toughest transformers 

can give the uninterrupted service so vitally essential. 

Transformers built to the rigid standards of the United 

States Army Signal Corps have the qualities necessary 

for constant performance under these conditions. 

The Chicago Transformer Corporation has had long 

experience in the manufacture of transformers that meet 

these requirements as well as the rigorous tests that 

have originated in our own laboratories. 

CHICAGO TRANSFORMER 
CO R P O R ATI O N 

35 01  WEST  AD DIS O N  STREET • CHI C A G O 

Section Meetings 
(Continued from page xviii) 

Panel discussion of problems in production 
engineering (electrical), December 10, 
1942. 

"Christmas Optimism," by The Most Rev-
erend J. E. Kearney, Bishop of the 
Rochester Diocese, Roman Catholic 
Church, December 15, 1942. 

SAN FRANCISCO 

"Interelectrode Capacitance in Vacuum 
Tubes: Theory, Measurement and Ap-
plication," by Dr. L. T. Pockman, 
Heintz & Kaufman, Ltd., December 4, 
1942. 

ST. LOUIS 

"Design and Operating Characteristics of 
Transformers," by W. C. Wooley, Mo-
loney Electric Company, December 28, 
1942. 

TWIN CITIES 
• 

"Measurements of Audio-Frequency Sys-
tems," by C. J. Lebel, Maico Company, 
December 4, 1942. 

WASHINGTON 
"The Electron Microscope," by Dr. J. Hil-
lier, RCA Laboratories, November 9, 
1942. 

"Portable Depth Recorders," by Dr. H. G. 
Dorsey, U. S. Coast and Geodetic Sur-
vey, December 14, 1942. 

Membership 
The following admissions to Associate 

membership were approved Jan. 6, 1943. 

Affelder, C., 5853 Ferree St., Pittsburgh, 
Pa. 

Anderson, A. W., Box 1261, Sandusky, 
Ohio 

Anderson, J. D., Box 561, Starkville, Miss. 
Bannon, J. E., 326 N. Metcalf St., Lima, 

Ohio 
Baptiste, G. F., Box 114, Dorchester, 

Mass. 
Barsook, E. E., 9394 Wildemere Ave., 

Detroit, Mich. 
Bengle, L. P., 9 Summit Ave., Salem, 

Mass. 
Itergmann, E. I., 72 Beaver St., Brooklyn, 

N. Y. 
Brantley, W. W., 5050 McKean Ave., 

Philadelphia, Pa. 
Brough, J. R., 161 Fifth Ave.,Ottawa, Ont., 

Canada 
Burroughs, J. D., 321 Court St., Salem, 

Ore. 
Campbell, D., Borgfeld Lodge, Wildmere 

Rd., Kent, England 
Carmichael, M., Irving Park Y.M.C.A., 

Chicago, Ill. 
Cooke, S., Communications Detachment, 

Tuskegee, Ala. 
Couch, W. M., Rt4 Anacostia Station, 

D. C. 
Cowilich, W. B., 4 Wood Lot Rd., Tucka-

hoe, N. Y. 
Craig, C. E., 22 Reynold St., Alfred, N. Y. 
Davidson, E. D., R.A.F. Station, Clinton, 

Ont., Canada 
Di Nunzio, P., San Martin 379, Buenos 

Aires, Argentina 
(Continued on page xxii) 
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In the Armed Services 

of the United Nations 

—ON LAND 

—ON SEA 

—IN THE AIR 

OREMA) 
TUBULAR METAL 
ANTENNAS 

Premax  Metal  Antennas are 
meeting the rigid requirements 
of the fighting forces of the 
Allied Nations. Send for Bulletin 
of Standard designs, or submit 
your specifications for special 
types of Antennas and Mount-
ings. 

fre11101§011Ck 
DIVISION OF 

CHISHOLM-RYDER CO. INC. 
4301  Highland A m, Niagara  Falls,  N.Y. 

WE'VE MADE 

-and not one has 
loosened 

THEY'RE on oil well pumps — some 
for twelve years. 

They're standard equipment on rock 

drills — industry's toughest fastening 

problem. 

They're on tanks, planes, guns—all 
kinds of wartime material—all kinds of 

peacetime equipment. 

All told, billions of Elastic Stop Nuts 

have gone to work. 

And as far as we know, not one has 

' failed to do its job. 

That job is to hold fast and stay put— 

come what may in the way of vibration, 

jar or chatter. 

Of course the need for such depend-

able fastenings in war goods and planes 

is paramount. Some planes take as many 

as 35,000 in a single ship. 

So even at our 4,000,000-a-day rate 

(which soon will double) the demand 

keeps growing. 

But this constant call for more and 

more—to meet the exacting responsi-

bilities of war—gives ample proof that 
Elastic Stop Nuts answer every need for 
secure locking and speedy fabrication. 

Write for folder explaining the Elastic Stop self-locking principle. 

ELASTIC ST P NUT 
CORPORATI ON OF A MERICA 

2330 Vauxhall Road, Union, N. J. 
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agosWet/t DuMONT 
Y-axis or vertical deflec-
tion  response  uniform 
from 20 c.p.s. to 2 mega-
cycles. Distortionless in-
put attentuator and gain 
control. 

Widest variety of signal 
input  connections.  Sig-
nals  can  be  connected 
at the  front panel di-
rectly to deflection plates 
of 3"  cathode-ray  tube 
when  frequencies  are 
above  useful  limits  of 
amplifiers. 

Y-amplifier  has  input 
connection for test probe 
and shielded cable, re-
ducing input capacitance 
and  eliminating  usual 
stray pickup. 

All high-voltage electro-
lytic capacitors are elim-
inated from circuit. 

14%," h.; 8%" w.; 15%" 
d.; 49 lbs. 

FREQUENCY RESPONSE 

TO TWO MILLION CYCLES! 

* Out of the flaming crucible of war which tries 
equipment as well as men's souls, comes this new 
DuMont Type 224 Oscillograph. 

First and foremost, its wide band Y-axis ampli-
fier permits study of signals of frequencies far 
beyond the range of standard oscillographs. It 
has a comparably faithful square and sinusoidal 
wave response. Second, it is a more versatile 
oscillograph, providing extreme variety in the 
application of signal to the cathode-ray tube. 
Third, it is housed for severe service out in the 
field as well as in plant or laboratory. Protective, 
removable cover safeguards panel and controls 
when not in use, especially in transit. 

These and other attractive features make this 
war baby outstanding among oscillographs. 

Write for Literature ... 

PRIP WWW WWWWWWwirg 
ALLEN B. DU MONT 

Passaic • New Jersey 
Coble Address  Wespexlm. New Yori 

Membership 
(Continued from page xx) 

Downsbrough, G. A., 70 Boulevard, Moun-
tain Lakes, N. J. 

Evan-Jones, W., 540 Russell Hill Rd., 
Toronto, Ont., Canada 

Farrell, F. X., 105 Tobey St., Providence, 
• R. I. 

Fox, R. H., 37 E. Greenwood Ave. Oak-
lyn, N. J. 

Fuller, H. S., Station 3YB, Clifton Gdns., 
Warrnambool, Victoria, Australia 

Gates, H. A., 506 Wisconsin Ave., Oak 
Park, Ill. 

Gaylord, W. B, Box 23, Sweetser, Ind. 
Gross, F., 548 W. 164 St., New York, N. Y. 
Guariguata, R., Apartado 45, Barcelona, 

Venezuela 
Hershfield, S., 253 Harrogate Rd., Penn 

Wynne, Philadelphia, Pa. 
Hillwood, J., 5200 Cote Ste. Catherine 

Rd., N.D.G. Montreal, Que., 
C4nada 

Homrighous, J. H., 1029 Wenonah Ave., 
Oak Park, Ill. 

Johnson, H. L., 202 E. Monroe St., Val-
paraiso, Ill. 

Johnson, W. C., School of Engineering, 
Princeton Univ., Princeton, N. J. 

Jones, C. R., 41 Windermere Rd., Muswell 
Hill, London, England 

Jones,  J. W.,  Naval  Radio Station 
WAHIAWA, Navy Yard, Pearl 
Harbor, T. H. 

Joseph, D. P., 5 Stack St., Herne Bay, 
Auckland, N. Z. 

Kerr, E. J., Radiophysics Laboratory, 
University Grounds, Chippen-
dale, Sydney, N.S. W. Australia 

Lee, C. E., 444 W. Vine St., Kalamazoo, 
Mich. 

Leonard, N. E.. 4722 Beck Ave., North 
Hollywood, Calif. 

Levine, D., 293 Throop Ave., Brooklyn, 
N. Y. 

Lipps, L. L., 518 E. First St., Bloomington, 
Ind. 

Manuel, W. 0., Rt. 1, Box 549-C, Tacoma, 
Wash. 

Mason, J. E., 1511 Elizabeth Ave., Brem-
erton, Wash.. 

Mathewson, D., Box 2513, University 
Station, Gainesville, Fla. 

Matteson, D. C., 799 S. Eighth St., San 
Jose, Calif. 

Miles, H. L., Naval Air Station, Box 1283,  , 
Pearl Harbor, T. H. 

:Monsen, R. S., 797 Center St., Ashtabula, 
Ohio 

Muntz, W. E., 799 Albany St., Schenec-
tady, N. Y. 

Nelson, C. W., Apt. 709, 2970 Sheridan 
Rd., Chicago, Ill. 

Nelson, F. A., 4022 Yosemite Ave., St. 
Louis Park., Minn. 

Nielson, J. J., 88 Broadway, Arlington, 
Mass. 

O'Brien, D., 20 Queenborough Gdns., 
Ilford, Essex, England 

Peterson, G. G., 15 Stanley Rd., Glen-
brook, Conn. 

Phelan, L. T., Old Lancaster Pike, Ber-
wyn, Pa. 

Phifer, L. H., 3120 Shadowlawn Way, San 
Diego, Calif. 

Piquero Perez, G., Box 834, Bogota, Co-
lombia 

(Continued on page xxiv) 
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STANCOR PROFESSIONAL SERIES TRANSFORMERS 

BUILT TO MEET STRINGENT 

T'HE Stancor Professional Series 
-I- Transformers are the logical choice 
of Radio Engineers, Broadcast Engineers, 
Governmental Agencies, Radio Manu-
facturers and other equipment designers 
and users. They are built to meet strin-
gent wartime requirements. 

STANCOR quality assures you of sound 
engineering design, the finest obtainable 
raw materials, thorough inspections, and 
high standards of craftsmanship. 

WARTIME REQUIREMENTS 

* GENERAL SPECIFICATIONS * 

CASE DESIGN — 
A rugged physical construction featuring re-
versible mounting has been combined with a 
smart uniform appearance. 

INTERNAL MECHANICAL CONSTRUCTION — 
Special brackets and/or blocks added in as-
sembly prevent shifting of coil and (ore 
inside of case. 

IMPREGNATION— 
The traditional STANCOR vacuum impreg-
nation provides thorough protection against 
the effects of humidity and moisture. The special 
compound, sealinF each unit in its case, gives 
additional protection and adds to the long life 
and service obtainable from these units. 

STANDARD TRANSFOR MER CORPORATION 

Th. Stoncor Professional 
Series Catalog No. 240 lists 
and thoroughly describes 
many types of professional 
series tra nsf orm•rs. Also 
valuable charts to help you. 
Request your copy today. 

15 0 0  N ORT H  H ALSTE D  STR EET  •  C HI C A G O 



INTO THE MIKE, the bos'n pipes "General Quarters," the man-all stations call . . . the sound is transmitted 

to loudspeakers throughout the ship and Uncle Sam's 

fighting men spring to action! • Remler Company, Ltd., 

is one of a number of firms entrusted to furnish sound 

and announcing equipment of this type to maintain com-

munications throughout the ship; between ships; and 

with shore stations and planes overhead. The equipment 

is ruggedly constructed to meet the critical standards of 

accuracy necessary under combat conditions. • Remler 

is proud of its assignment to furnish this type of equip-

ment for the U. S. Navy and U. S. Maritime Commission. 

RE MLER COMPANY, LTD. • 2101 Bryant St. • San Francisco, Call 

RE MLER 
-Onnounciny g Communication fiuipment 

ELECTRICAL PLUGS AND CONNECTORS 

Membership 
(Continued front page xxii) 

Podewils, N. R., 212 Summit St., Ann 
Arbor, Mich. 

Poorman, E., 570 Lexington Ave., New 
York, N. Y. 

Pratt, K. B., 514 Eliot St., Milton, Mass. 
Rabinowitz, M., 369 Hinsdale St., Brook-

lyn, N. Y. 
Reed, C. M., 363 Olancha St., Brentwood, 

Pittsburgh, Pa. 
Robinson, S. H., U.S.S. Barb, Care of 

Postmaster, New York, N. Y. 
Rosenkranz, H. J., 5000-15 Ave., Brook-

lyn, N. Y. 
Ryan, J. A., 22 W. 5th St., Emporium, Pa. 
Schaefer, R. W., U. S. Naval Air Station, 

A & R Accessories Radar, San 
Diego, Calif. 

Schapira, M., 209 Custer Ave., Newark, 
N. J. 

Segerstrom, C. A., Federal Telephone and 
Radio Corporation, 67 Broad St., 
New York, N. Y. 

Seyffer, H. C., Naval Research Labora-
tory, RMS, Washington, D. C. 

Sherman, W. L., Box 123, Portola, Calif. 
Sherwood, R., 1456 E. 56 St., Chicago, Ill. 
I Shook, E. M., 2 Rutland St., Cambridge, 

Mass. 
Sneiderman, L. R., Pentagon Bldg., Ar-

lington, Va. 
Sontheimer, C. G., 251 Hawthorne Ave., 

Haddonfield, N. J. 
Stewart, G. R , 1426-21 St., N. W. Wash-

ington, D. C. 
Tracht, P. A., 10220 Monica Ave., Detroit, 

Mich. 
Utter, R. A., 5252 Cornelia Ave., Chicago, 

Vena, E. S., Sylvania Electric Products, 
Inc., Williamsport, Pa. 

Walker, F. W., Michigan State Police, 
East Lansing, Mich. 

Weisz, P., Bartol Research Foundation, 
Swarthmore, Pa. 

Zakowski, L. F., Radio Materiel School, 
Bellevue, Washington, D. C. 

New Equipment 
Notes 
Decade Resistance Boxes 
and Wheatstone Bridge 
BECAUSE of the heavy and urgent 

demand for standard laboratory equip-
ment of the Wheatstone Bridge and 
Decade Resistance Box categories, Indus-
trial Instruments, Inc., 156 Culver Ave., 
Jersey City. N. J., now announces its line 
of such instruments. 
Type DR D.C. Resistance Decades are 

available in standard models with resist-
ance ranges of .9 to 999,999 ohms total 
and with guaranteed accuracy of plus/ 
minus 1% and 1.% respectively, in two 
price classes. All coils are of Manganin wire 
excepting the 100,000 ohm coils of Ni-
chrome. 
Wheatstone Bridge Type RN-1 con-

tains four resistance dials with nine posi-
tions each, covering 9X1, 9X10, 9X100, 
and 9X1000 ohms, with decade multiply-
ing dials. The ratio Resistances have a 
guaranteed accuracy of plus/minus .05%, 

(Continued on page Xxxii) 
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WAR PRODUCTION SHIPMENTS UP 
In spite of this big increase, Hytron has available: 

IMMEDIATELY — large capacity for certain types of radio and electronic tubes. 

IN SECOND QUARTER — still larger capacity for almost all types which Hytron is 
tooled to make. 

IN THIRD AND FOURTH QUARTERS — capacity almost unlimited for all types suited 
to Hytron's production lines. 

If you place your orders now, Hyfron's fast-rising productive capacity can 

smash those bottlenecks caused by tube shortages. 

MAR  APR  MAY  JUNE  JUL  AUG  SEPT OCT 

HYTRON CORP., Salem and Newburyport, Mass. 
%), op , I  • 11 0111 0 I li he • ',le , •  1 °1 2 I 
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We are proud that THORDARSON helped win the first two, and now 
our 47 years of experience has gone "all out" to help win this war! 

THORDARSON research engineers are working 'round the clock... 
constantly seeking new methods for greater transformer efficiency. 

When we have won this war and returned to our normal industrial 

life . . . THORDARSON engineers will be in possession of priceless 
knowledge which will be incorporated 

in THORDARSON products. 

Your transformer problems will be 
welcomed by THORDARSON engi-
neers . . . let them help you! 

ELECTRIC MEG. COMPANY 

500 WEST HURON STREET, CHICAGO, ILLIN 

Booklets 
The following commercial literature has 
been received by the Institute. 

ELECTRONICS—A NEW SC ILNCE 
FOR A NEW WORLD • • • An interest-
ing 32-page booklet has been issued by 
the General Electric Company and is ob-
tainable by writing to that organization 
at  Schenectady,  New  York and re-
questing their booklet GE D - 1 024 . 
The booklet is written in popular style, 
and contains numerous descriptions of his-
torical episodes in the development of 
electron theory. The story is brought up-to-
date in a broad review of modern elec-
tronic applications. It will be of interest to 
many engineers in the radio-and-electronic 
field. Specifically treated are numerous 
high-light fundamental discoveries in elec-
tricity, the production of high vacua and 
the study or the nature and behavior of 
electrons. Diverse applications of electron-
ics are mentioned including the recording 
spectrophotometer, textile inspection 
equipment, lighting control registration in 
multiprinting, the electron miscroscope, 
radio-frequency heating for plywood pro-
duction as well as agricultural and biologi. 
cal applications of electronic devices. 
Television is presented as a radio-and-
electronic art and the close resemblancy 
between that field and electron microscope, 
is evident. The booklet is a striking pre-
sentation of the radio-and-electronic field 
in which the members of the Institute of 
Radio Engineers are so intensely active 
and to which their PROCEEDINGS is 
dedicated. 

PHYSICS TEXTS FOR A NATION AT 
WAR • • • Prentice-Hall, Inc., 70 Fifth 
Avenue, New York, N. Y. (5 data pages, 
8} XII inches.) This literature describes 
physics and electronic publications re-
cently brought out bythis publisher which 
are applicable to war time problems. 

OH MITE NEWS • • • Ohmite Manufac-
turing Company, 4835 Flournoy Street, Chi-
cago, Illinois. (81 X11 inches leaflet.) Gives 
features of Ohmite rheostats, a chart on 
the effect of enclosure on resistor temper-
ature, and information on resistor cages for 
safety and unit protection. This is the 
December issue. 

TECHNICAL  STANDARDS  AND 
GOOD ENGINEERING PRACTICES 
OF THE NATIONAL ASSOCIATION 
OF BROADCASTERS • • • Gould- Moody 
Company, 395 Broadway, New York, N. Y. 
(4 page folder 3} X9 inches on card stock.) 
This booklet covers in fourteen points the 
requirements for electrical transcriptions 
and recordings for radio broadcasting. It is 
a highly useful little folder printed in a 
form suitable for long wear or for pinning 
up on the wall. The back page gives 
prices of Gould-Moody discs. 
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The Institute of Radio Engineers 
... serves those engaged in radio and allied fields through the presentation and publication 
of technical information on the subjects. 

THE PROCEEDINGS, the official magazine of I.R.E., has been published without 
interruption since 1913 when the first issue appeared. The contents of each paper pub-
lished in the PROCEEDINGS are the responsibility of the author and are not binding on 
the Institute or its members. Material appearing in it may be reprinted or abstracted 
in other publications on the express condition that specific reference shall be made to 
its original appearance in the PROCEEDINGS. Illustrations of any variety; however, may 
not be reproduced without specific permission from the Institute. 

STANDARDS reports are pub-
lished from time to time and are 
sent to each member without 
charge. Current reports include 
two each on Radio Receivers, 
Transmitters and Antennas, and 
Radio Wave Propagation, and one 
each on  Electroacoustics, and 
Facsimile; a detailed description 
of these reports will be sent on re-
quest. 

MEMBERSHIP has grown from 
a few dozen in 1912 to approxi-
mately eight thousand. Practically 
every country in the world in 
which radio engineers may be 
found is represented in our roster. 
Dues for the five grades of mem-
bership range from $3.00 to $10.00 
per year. The PROCEEDINGS is sent 
to each member without further 
payment. 

SECTIONS in twenty-seven cities 
in the United States, Canada, and 
Argentina hold regular meetings. 
The chairmen and secretaries of 
these sections are listed on the 
page opposite the first article in 
this issue. 

SUBSCRIPTIONS are accepted 
for the PROCEEDINGS at $10.00 per 
year in the United States of 
America,  its  possessions,  and 
Canada; when college and public 
libraries order direct from the In-
stitute, the subscription price is 
$5.00. For other countries there is 
an additional charge of $1.00 for 
postage. 

APPLICATION  for  ASSOCI-
ATE membership may be made by 
using the convenient blank on this 
page, or preferably on written re-
quest to the Institute headquar-
ters. 

The Institute of Radio Engineers, Inc. 
330 West 42nd Street 
New York, N.Y. 

Convenient Associate Membership Blank 

The Institute of Radio Engineers 
Incorporated 

330 west 42nd Street, New York, N.Y. 

To the Board of Directors 

Gentlemen: 

I hereby make application for ASSOCIATE membership in the Institute 
of Radio Engineers on the basis of my training and professional experience 
given herewith, and refer to the sponsors named below who are personally 

familiar with my work. 
I certify that the statements made in the record of my training and pro-

fessional experience are correct, and agree if elected, that I shall be governed 
by the Constitution of the Institute so long as I continue a member. Further-
more I agree to promote the objects of the Institute so far as it shall be in 

my power. 

Mr. 

(Sign with pen) 

(Address for mail) 

(City and State) 

(Date) 

SPONSORS 
(Signatures not required here) 

Address 

City and State   

Mr.   

Address   

City and State   

Mr. 

Address   

City and State 

Fill Out Reverse Side Also 
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H O W TO APPL Y FO R ASSOCIATE M E MBERS HIP 
MONTH DURING 

W HICH 
APPLICATION 
REACIles I.R.E. 
HEADQUARTERS 

GRADE —Io 

Jan.,  Feb. 

Mar., Apr., May 

June, July, Aug. 

Sept.. Oct., Nov. 

Dec. 

REMITTANCE SCHEDULE 

AMOUNT OP REMITTANCE (= ENTRANCE FEE f-IIUES) 
W HICH SHOULD ACCOMPANY APPLICATIoN 

ASSOCIATE 

$7.50 (=$31-$4.50•) 

6.00 (= 3+ 3.00•) 

4.50 (= 3+ 1.50) 

9.00 '(= 3+ 6.00) 

7.50 (= 3+ 4.50) 

PERIOD COVERED BY 
D UES PAYMENT 

Apr.•Der. (9 mo. of current 
year)t 

July•Dec. (6 mo. of current 
yea rn 

Oct.-Dec. (3 mo. of current 
year)t 

Jan..Dec. (entire next 
year) 

Apr.•Dec. (9 mo. of next 
year)t 

t You can obtain the PROCEEDINGS for the entire year by including with 
your application a request to that effect and a remittance of $9.00. 
• Associate dues include the price of the PROCEEDINGS, as follows: 1 year, 
$5.00; 9 months, $3.75 6 months, $2.50; 3 mon ths, $1.25. This may  not  
be deducted from the dues payment. 

To Qualify for Associate membership, an applicant must be 
at least 21 years of age, of good character, and be interested 
in or connected with the study or application of radio science 
or the radio arts. 

An Application should be filed, preferably on blanks obtain-
able on request from I.R.E. Headquarters or from the secre-
tary of your local Section. If more convenient, however, the 
accompanying abbreviated form may be submitted. Additional 
information will be requested later on. 

Sponsors who are familiar with the work of the applicant 
must be named. There must be three, preferably Associates, 
Members, or Fellows of the Institute. Where the applicant is 
so located as not to be known to the required number of 
member sponsors, the names of responsible nonmembers may 
be given. 

Entrance Fee and Dues: The Associate entrance fee is $3.00. 
Annual dues are WOO per year, which include the price of the 

PROCEEDINGS as explained in the accom-
panying remittance schedule. 

Remittance: Even though the I.R.E. Con-
stitution does not require it, you will bene-
fit by enclosing  remittance with your ap-
plication. We can then avoid delaying the 
start of your PROCEEDINGS. 

Name 

(Typewriting preferred in filling in this form) No.   

RECORD OF TRAINING AND PROFESSIONAL 

EXPERIENCE 

Present Occupation 
(Title and name of concern) 

Business Address   

Home Address   

Place of Birth  Date of Birth   

Education   

Degree 

(Give full name, last name first) 

Age   

(College)  (Date received) 

TRAINING AND PROFESSIONAL EXPERIENCE 
(Give dates and type of work, including details of present activities) 

Record may be continued on other sheets this size if space is insufficient. 

Receipt Acknowledged  Elected  Notified   

4111  Fill Out Reverse Side Also 

The mailing of your PROCEEDINGS will 
start if the next issue after  your  elec -
tion, f you enclose your entrance fee and 
dues as shown by the totals in the accom -
panying remittance schedule. Any extra 
copies sent in advance of the period for 
which you pay dues are covered by your 
entrance fee. 

Should you fail to be elected, your en-
tire remittance will be returned. 

OTHER GRADES are available to 
qualified applicants. Those who are be-
tween the ages of eighteen and twenty-
one may apply for Junior grade. Stu-
dent membership is for full-time stu-
dents in engineering or science courses 
in colleges granting degrees as a result 
of a four-year course. A special appli-
cation blank is provided and requires 
the signature of a faculty member as 
the sole sponsor. Member grade is open 
to older engineers with several years 
of experience. Fellow grade is by in-
vitation only. Information and applica-
tion blanks for these grades may be ob-
tained from the Institute. 

SUPPLIES 

BACK COPIES of the PROCEEDINGS may 
be purchased at $1.00 per copy and a list 
of those available will be sent on request 
Members of the Institute in good stand-
ing are entitled to a twenty-five per cent 
discount. 

VOLUMES, bound in blue buckram, may 
be purchased for $14.25; $1125 to mem-
bers. 

BINDERS are $1.50 each. The volume 
number or the member's name will be 
stamped in gold for fifty cents additional. 

INSTITUTE EMBLEMS of fourteen-
carat gold with gold lettering on an 
enameled background are available. The 
lapel buton is $2.75; the lapel pin with 
safety catch is $3.00; and the watch 
charm is $5.00. All of these are mailed 
postpaid. 
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Want to know what they said 

about special selections? 

It was a fine bit of radio equipment this little band of men 
carried with them to the desert outpost. But one night some 

of the tubes were damaged. 

And the spares were not special selections and wouldn't 

work! 
The designer and manufacturer had equipped that appa-

ratus with special selections—tubes this little outpost didn't 
have ... And that's how it happened that news of the enemy's 
encircling approach never reached these men ... 
The grim fact is that use of specially selected tubes can be 

a military liability to our forces, costing lives and perhaps 
even battles. For in almost every case, the Army and Navy 
has only standard tubes from regular stock to replace special 
selections. That's why the use of special selections may mean 
crippling the effectiveness of the radio apparatus at the very 
moment it's needed most. And a demand for special selection 
from the tube manufacturer may interfere with his production 
of standard, vitally important tubes—tubes that our forces 

could use for replacement right in the field. 
The Army, the Navy, and the War Production Board have 

issued directives asking us to report instances where special 
selections are being made, or are requested in the future. 

We'll cooperate, of course. 

But how about you? 
You can do your share by designing equipment that does 

not require specially selected tubes unless by proper authori-
zation from the Service purchasing the apparatus. 
And better still, you can use all the skill and experience 

at your command to avoid the use of specially selected 
tubes. Our application engineers stand ready 
to assist you in any way possible in solving 
your designing and manufacturing problems 
without special selections. Call them, consult 
them, work with them. Get in touch with RCA 
Victor Division of Radio Corporation of Amer-
ica, Camden, N. J. 

CTORY 

BUY 

WAR 1 
ND% 

STZ:PS 

RCA RADIO TUBES 
RECEIVING TUBES • PO WER TUBES • CATHODE RAY TUBES • SPECIAL PURPOSE TUBES 



FROM that high resolve was 
born the Army-Navy Production Award 
which stands today as our fighting 

forces' joint recognition of excep-
tional performance on the pro-
duction front . . . of the deter-

mined persevering, unbeat-
able spirit which can be 

satisfied only by achieving 
today what yesterday 

seemed impossible!" 
Were sincerely 

proud of our award 
— its significance 

will always be 
, our goal. 

• 
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Army-Navy "E" Honor Roll 

History of the Army-Navy "E" Award. 
In 1906 the Navy instituted the "E" pen-
nant as an award for excellence in gunnery, 
and later extended this to engineering and 
communications. Prior to Pearl Harbor the 
Navy gave the award to a few firms and 
organizations which showed excellence in 
producing ships, weapons and equipment 
for the Navy. 

Since Pearl Harbor, the Army and Navy 
havejoined together in making a combined 
Army-Navy "E" award to both plants and 
their employees, who working as a team 
have given "excellent" performance in the 
battle for production. 

The PROCEEDINGS takes pleasure in 
reporting briefly on those firms serving the 
radio industry who won the Army-Navy 
"E" award. From time to time we hope to 
give additional reports as information 
reaches us on firms winning this honor. 

Clarostat Received Army-Navy "E." Cli-
maxed by a banquet and dance to its 
hundreds of employees, in the Grand Ball-
room of Hotel St. George in Brooklyn, the 
Clarostat Mfg. Co., Inc., rounded out the 
recent impressive ceremonies marking its 
acceptance of the Army-Navy "E" award 
for war production excellence in the field 
of resistors, controls and resistance devices. 

The presentation of the "E" was made by 
Major H. R. Battley, Regional Public Re-
lations Officer of the U. S. Army Air Force, 
and accepted by John J. Mucher, president 
of Clarostat. Token presentation of "E" 
pins to workers was made by Lt. C. R. 
Hoopes, U.S.N., to John, Jacob and 
Stephen Mucher representing the manage-
ment, to Samuel Nastri, C.I.O. Local 430, 
and to a man and woman longest in the 
employ of the company, representing the 
worgers, with Mr. Nastri as spokesman. 

David L. Tilley, President of the Brooklyn 
Chamber of Commerce welcomed the dis-
tinguished guests and officers to the com-
munity, and Clarostat to the growing host 
of "E" recipients in Brooklyn. Austin C. 
Lescarboura, Advertising Director of Clar-
ostat, acted as Master of Ceremonies for 
the program which kept moving right 
along for 35 minutes. The Star Spangled 
Banner opening the ceremonies was sung 
by Miss Flora Haywood, Screw Machine 
Operator in the Clarostat plant. Music was 
by the 22nd Regiment Band, N. Y. Guard, 
and the Color Guard by the Brooklyn Edi-
son Post 1174, American Legion. 

Stromberg-Carlson Telephone Manufac-
turing Company. The Army-Navy "E" 
award was made to this firm on January 
12th, 1943 at Rochester, New York. The 
ceremony was held in Building Five at 
Edgerton Park at 8 o'clock in the evening. 
All officers and employees attended. The 
announcement of this newest winner of the 
Army-Navy "E" production award to a 
firm in the radio manufacturing field just 
comes in time for publication in this issue. 
We do not have the full details about the 
ceremony. 

(Continued on page xxxii) 
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This is a"GLOBAII:war... A man-made globe 

—the electronic tube—is today one of the key weapons of battle. Eimac 

tubes have assumed a rank of "high command" in this "global" war. 

Again they are"first choice in the important new developments in radio" 

THE JOINT ARMY-NAVY "E" awarded St pRmber 4, 194 2... 

first award of this kind to a manufacturer of electronic tubes. 

EITEL- McCULLOUGH, INC. 
IAN BRUNO, CALIFORNIA 

(Apart Agents Frezer II Company, Led., 301 Cloy SI , Son Ininclico,Colll. 
, ,510E° 



T hat's the business Oxford-Tartak Radio 

Engineers are handling —Designing and 

Producing unusual equipment that carries 

messages, code, information, "Fightin' 

Words" to freedom's men on every far-flung 
front. 

More than just that, Oxford-Tartak manu-

factures emergency orders, odd orders and 

special orders. These are being produced 

on time, or ahead of time; but additional 

prime and sub-contracts may also he ac-

cepted under present operating conditions. 

Currently on schedule: 

• Aviation Radio Range Filters 

• Transformers 

• Mobile, Aircraft and Airport 
Transmitters 

• Relay Coils 

• Waterproof Speakers 

• Electronic Equipments and Test Units 

OXFORD-TARTAK RADIO CORP. 
3911 S. Michigan Ave., Chicago, Ill. 

Army-Navy "E" Honor Roll 
(Continued from page xxx) . 

R.C.A. Radiomarine Unit. The fifth Army. 
Navy "E" flag won by R.C.A. was an-
nounced October 8th and officially pre-
sented December 19th to the Radiomarine 
Unit, a subsidiary of Radio Corporation of 
America. The award was made by Rear 
Admiral William Carleton Watts, and 
Army-Navy "E" emblems were given to 
530 employees by Brigadier General Ralph 
K. Robertson who said, "In a way, this 
is a miliary decoration, bestowed upon you 
for devotion of duty." The flag was ac-
cepted for the company by I. F. Byrnes, 
chief engineer, and H. A. Saul, production 
superintendent on behalf of Charles J. Pan-
nill, president. The ceremony took place 
at 75 Varick Street, New York, N. Y. 

New Equipment Notes 
(Continued from page xxiv) 

\+ bile the retistance coils in the decades of 
the bridge are guaranteed to plus/minus 
.1% tolerance. 

Sealed Variable Resistors for 
Humid or Dusty Applications 

Two new closed-cover, sealed Varaible 
(--istors recently announced by the Stack-

pole Carbon Company, St. Marys, Penn-
sylvania, are described as meeting current 
demands for units which will meet in-
tensely humid or dusty conditions, and in 
either standard radio or high-frequency 
equipment. 

The Stackpole Type MG Variable Re-
sistor is designed for use under conditions 
of extreme humidity or salt spray, and 
where internal and external leakage must 
be held to a minimum. A leakage resistance 
on the order of 300 meg. after 48 hours in 
95% humidity at 40° C. is obtained in this 
new design. Spacing of current-carrying 
parts is greater, and the surface insulation 
of the molded base is several times that of 
previous laminated-base units. 

•-, 

I he Stackpole Type LP Variable Re-
-istor is now furnished with a dust-proof 
cover and is effectively sealed with a spe-
cial compound to the point where resistiv-
ity from current-carrying parts after 48 
hours of 95% humidity at 40° C. is five 
times that of the previous open construc-
tion units. The dust-proof cover makes the 
Resistor suitable for use in dusty or sandy 
localities. 

Stackpole Engineering Bulletin No. 6 
describing these Variable Resistors in 
greater detail will be sent upon request to 
the manufacturer. 
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Control accuracy of Klo of icyo 
Almost unbelievable . . . 

yet RAULAND engineers 

accomplished it to obtain the 

accuracy required for use in 

frequency standards employed 

by our armed forces. Minimum 

backlash has been attained, 

the maximum being .007 of 

one degree or one part in fifty 

thousand! This precision con-

trol is maintained throughout 

the entire range of minus 300 

C. to plus 50° C. 

All assembly operations on 

the condenser are performed 

under spotlessly clean condi-

tions. The glass walled rooms 

are dust-tight ... air is filtered 

completely automatic tem-

perature control is employed. 

Infinite care is taken to assure 

the accuracy and complete de-

pendability of every RAULAND 

Electroneered condenser. 

• Electroneering is our business • 

RADIO SOUND_,,,___NA_COMMUNICATIONS 

The Rauland Corporation . . . Chicago, Illinois 

Buy War Bonds and Stamps'  Itauland employees arc all investing 10(,, of their incomes in War Bonds. 
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DISTRICT OFFICES IN PRINCIPAL CITIES 

QUICK DELIVERY FROM DISTRIBUTOR'S STOCKS 

WORLD'S 
LARGEST 
EXCLUSIVE 
CONDENSER 
MANUFACTURER 

PAPER, OIL AND ELECTROLYTIC CONDENSERS 

Current Literature 

New book3 of interest to engineers in 

1 radio and allied fields—from the publish-

ers' announcements. 

A copy of each book marked with an 

asterisk (*) has been submitted to the 

Editors for possible review in a future 

issue of the Proceedings of the I.R.E. 

*SI IORT-WAVE  RADIO.  By J. H. 
Reyner, Member of Institute of Radio 

Engineers • • • Sir Isaac Pitman & Sons, 

Ltd., 2 West 45th Street, New York, N. Y. 

(xiv +186 pages, 86 diagrams, 5 X8 inches.) 
The author presents in this book a non-

mathematical account of the development 
of the short wave and the processes in-

volved. It is a companion volume to his 

well-known work, "Modern Radio Com-
munication." Cloth. $3.25. 

*TELEVISION  STANDARDS  AND 

PRACTICE. By Donald G. Fink with the 
cooperation of the N.T.S.C. Editorial Ad-

visory Board • • • McGraw-Hill Book Com-
pany, Inc., 330 West 42nd Street, New 

York, N. Y. (x +405 pages, 6} X9} inches, 
115 charts and diagrams.) This book is a 

compilation of material on television con-

sisting of abstracts from the Proceedings of 
the National Television System Commit-

tee. The data has been edited by Mr. Fink 

with particular reference to the problems 
of the television engineer and radio in-

dustry. It is designed to explain the reasons 

underlying the standards which have been 

adopted by the Federal Communications 
Commission. Cloth. $3.50. 

'EXPERIMENTAL  ELECTRONICS. 

By Ralph H. Muller, R. L. Garman, 
M. E. Droz, of New York University • • • 

Prentice-Hall, Inc., 70 Fifth Ave., New 
York, N. Y. (xi +330 pages, profusely illus-

trated with circuit diagrams and charts, 
6X9I inches.) The authors planned the 
book to supply practical information on 
the characteristics and non-communication 

applications of electron tubes. The subject 
is given an experimental approach which 
may provide the radio engineer with a 
point of view or a statement of problems 
rarely encountered in his own specialty. 

It also promises to be a useful text in 
teaching. 

*THE RADIO AMATEUR'S HAND-

BOOK. Published by The American Radio 
Relay League, Inc., West Hartford, Conn. 
• • • (478 pages +advertising section, pro-
fusely illustrated, 6i X91 inches.) This is 
the 20th edition of what is The Standard 

Manual Of Amateur Radio Communica-
tion. Price $1.00. 
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* Where formerly "Relays by Guardian" were 
used in such peacetime applications as signal 
lights . . . all "Relays by Guardian" have now 
gone to war. For example, the BK-10 relay han-
dles two-way radio communication in several 
types of "Walkie Talkie" units. 

It facilitates switching over from "send" to "receive." 
Built for operation at 12 volts, the BK-10 relay makes and 
breaks contacts firmly when the potential is reduced to 9 
volts. Contact combination is made up of two stacks, one 
being single pole, double throw—the other 1 make, 1 break. 
Contact points are highly tarnish resistant sixteenth-inch 
palladium. The compact, light weight BK-10 relay weighs 
four ounces and measures 31/8" x 11/2 " x 13/8". It is built to 
U. S. Army Signal Corps specifications. 

Planning for today or post-war? Send for Bulletin 195 describing this and other 
"Relays by Guardian" used in aircraft, ground and mobile communications. 

Series BK-10 Relay 

GUARDIAN 
W E S T  W AL N UT  ST RE ET 

ELECTRIC 
CHI C A G O,  ILLI N OI S 

A CO MPLETE  LINE  OF  RELAYS  SERVING  AMERICAN  WAR  INDUSTRY 
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INDISPENSABLE  TEST  INSTRU MENTS 

METER 

TYPE 170-A FOR HIGHER FREQUENCIES 

Q and capacitance measurements in the range of 30-200 MC. 

Q METERS  • FREQUENCY MODULATED GENERATOR 

OX CHECKER  •  BEAT FREQUENCY GENERATOR 

Catalogue B upon request 

BOONTON  RADIO CORPORATI ON 
BOONTON,  NEW JERSEY 

You will find Hallicrafters 
Communications Equipment working three 

shifts at our Country's "Listening Posts"... 

searching the airways for illegal programs and 

espionage messages. 

Hallicrafters Communications Equipment is 

engineered to "take it- on this constant operat• 

ing.  there are no rest periods, no time out, it's 

constant performance! 

WORLD'S LARGEST EXCLUSIVE MANUFACTURER OF 
RADIO COMMUNICATIONS EQUIPMENT 

The Hallicrafters Equipment you can buy— 

when communications equipment may again 

be sold for Civilian use—will incorporate all of 

the endurance and top quality performance you 
will ever demand. 

Illustration—typical view of Hallicrafters 

Communications Equipment is a monitoring 

(listening in) station —somewhere in the U.S.A. 

SHORT WAVE 
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Binders 
for the Proceedings 

Protect your file 

of copies against 

damage and loss 

Binders are available for those who 
desire to protect their copies of the 
PaocEEDINGs with stiff covers. Each 
binder will accommodate the twelve 
monthly issues published during the 
year. These binders are of blue Spanish 
grain fabricoid with gold lettering and 
will serve either as temporary transfers 
or as permanent binders. They are so 
constructed that each individual copy 
of the PROCEEDINGS will lie flat when 
the pages are turned. Copies can be 
removed from the binder in a few 
seconds and are not damaged by their 
insertion. 

Available for both the old, small 
size, PROCEEDINGS or the new, large 
size (1939 to date). 

Price: $1.50 

either size (specify which) 
Postpaid to all countries 

You may have a volume number or 
your name stamped in gold for 50 cents 
additional. 

Remittance should accompany 
your order 

THE INSTITUTE OF 
RADIO ENGINEERS, INC. 
330 West 42nd Street, 

New York, N.Y. 
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PIONEERS.. .in war and peace 

Mosier Sergeant Erwin H. Nichols, U• 5. 
Army,  pioneered  modern  poratrooping. 

After our Army used paratroops in 192 8,  
she Russians borrowed our technique, end 

the Germans lifted if from the Russians• 

wregz‘.. 

•••,, 

THE FIRST TANTALUM TUBE 
WAS A GAMMATRON 

Gammatron engineers, in their constant quest for more 

rugged and efficient electronic tubes, were first to ap-

preciate the remarkable advantages of tantalum as a 

plate and grid material. 

This unique element has the lowest gas content of 

any metal. It readily endures high temperatures, and 

will radiate tremendous amounts of power. Moreover, 

tantalum has the very desirable characteristic of acting 

as a sponge with respect to gases: once it is de-gassed 

by the Heintz and Kaufman process, it eagerly absorbs 

and retains any gases later released. 

Thus tantalum construction and Gammatron design 

result in electronic tubes which have longer life, and 

the ability to withstand heavy overloads without free-

ing destructive gas. 

Gammatrons in dozens of types, with ratings from 50 

to 5000 watts, are now serving the American cause 

on the r. f. and u.h. frequencies ... just as many new 

types will serve in the peacetime age of electronics. 

GAMMATRONS ...or COURSE! 

•P̀, 

„ 

* 

HK-257 BEAM PENTODE 
OPERATING DATA 

RI Power Amplifier, 
Class "I" Unmodulated 

Maximum  Typical 
Rating  Operation 

Po wer Output 

Driving Power 

DC Plato Volts  . 4000 

DC Plate Current  150 

DC Suppressor Voltage 

DC Suppressor Current 

DC Screen Voltage  .  750 

DC Screen Current . .  30 

DC Control Grid Voltage —500 

DC Control Grid Current  25 

Peak RF Control Voltage  — 

Plate Dissipation  . . .  75 

235 Watts 

0 Watts 

3000 Volts 

100 M.A. 

60 Volts 

3 M.A. 

750 Volts 

8 M.A. 

—200 Volts 

0 M.A. 

170 Volts 

65 Watts 

jHEIN11•••  KAUFMAN( 
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FOR ALMOST a quarter of a century  Lafayette  has  
maintained quick, accurate deliver y serv ice  from  complete  

stocks —one or a thousand units, there is no  or der  too  sma ll 
or too large. 

ENGINEERS: Get acquainted with Lafayette's imme diate  deliv-
ery service —send in your  or der  now  to  this ONE  CENTRAL  

SUPPLY DEPOT for those hard to find parts — ra dio, electronic,  
or sound. Draw on  the thousan ds of var ied items  now  in  
Lafayette's stoc krooms . You  can  depen d on  Lafayette quality. 

FREE! 130 page illustrate d CATALOG contain-
ing thousands of items  indexe d for  qu ick refer-

ence — order your  co py now ! Address  901 W.  
Jackson Blvd., Chicago — Dept.  

LAFAYETTE RADIO 

PERMANENT 
MAGNETS 

The Arnold Engineering Company produces 
all ALNICO types including ALNICO V. 

All Magnets are completely manufactured in 

our own plant under close metallurgical, 
mechanical and magnetic control. 

The Arnold  Engineering Company freely 

offers engineering assistance in the solution 
of your magnetic design problems. 

All inquiries will receive prompt attention. 

THE ARNOLD ENGINEERING COMPANY 
14/ EAST ONTARIO STREET 

CHICAGO, ILLINOIS 

INVEST 10 % IN WAR BONDS AND STAMPS 

(  901 W. JACKSON BLVD., CHICAGO, ILL. 265 PEACHTREE 

''..... .." .."... ...".  ',.... ......-"  -̀,.........../  '',.... ....---'  ',..... ..../  ''',.... ....... 

! Camera Fans: Photo- I 
graphic Eq uipment  at  
lowest price s. W rite  
for FREE PH OT O -

GRAPHIC CATALOG. 

) 

) 

) 

) 

) 

CO RP. ) 
STREET, ATLANTA, GA. 

POSITIONS OPEN 
The following positions of interest to I.R E. 
members have been reported as open. Ap-
ply in writing, addressing reply to com-
pany mentioned or to Box No.   

A  
PROCEEDINGS of the I.R.E. 

330 West 42nd Street, New York, N.Y. 

RADAR LABORATORY 

The Signal Corps Radar Laboratory has 
urgent need for Physicists and Engineers 
with Mechanical, Electrical, and Radio 
training. Inexperienced engineering gradu-
ates can also qualify. 
Salaries range from $2000 to $3200 and 

up. 
Draftsmen,  Engineering  Aides,  Elec. 

tricians, and Radio Mechanics also are 
wanted.  41 
Apply in writing stating full qualifica-

tions to: Box 281 

COMMUNICATIONS ENGINEERS 
Transcontinental & Western Air, Inc. 

has openings for three Radio Engineers 
in the Communications Department. Ap-
plicants should have completed an elec-
trical or radio engineering course, or 
should have had one to two years practical 
experience. These openings are permanent. 
For  additional  details  and  application 
forms, write to Personnel Department, 
Transcontinental & Western Air, Inc., 
Kansas City. Missouri. 

INSTRUCTORS IN RADIO AND 
ELECTRICITY 

50 civilian instructors needed immedi• 
ately for Army Air Forces Radio Instruc-
tor School. Subjects of instruction: Direct 
current and alternating current electricity, 
vacuum tubes, standard radio receivers and 
transmitters;  international  Morse code, 
telegraph and radiotelephone procedure. 
Salaries follow Civil Service starting from 
$2,000 per year. State experience, educa-
tion, code speed, personal data. Positions 
open immediately. Saint Louis University, 
Army Air Forces Radio Instructor School, 
221 N. Grand Boulevard, Saint Louis, 
Mo. A. H. Weber. Technical Director. 

RADIO ENGINEERS 
Large New York City plant has excel-

lent opportunities and immediate employ-
ment for those who can qualify as fore-
men, leaders, or designers in the produc-
tion of aircraft radio equipment. Electrical 
engineer's degree or equivalent, with ex-
perience  in  manufacture  of  electronic 
equipment required. Lesser positions in 
many other classifications available for 
those lacking above qualifications. Send full 
details to Box 277. 

RADIO ENGINEER OR TECHNICIAN 
Knowledge of circuits for supervisory 
position in transmitting tube circuit labors'. 
tory.  Circuit knowledge and executive 
ability more important than college de-
gree. Married man with children preferred. 
Salary Open. Minimum $250. Box 279. 

• 
RADIO,  MECHANICAL AND 

ELECTRICAL ENGINEERS 

Several men needed immediately for 
work on government radio equipment. Men 
with at least three years experience in de-
sign and development of quality equip. 
ment desired. College degree or equivalent 
experience necessary. Any person now em-
ployed at highest skill on war production 
work should not apply. Address Box 280. 

(Continued ors page xl) 



These Octal Base Units 
are typical of Sprague 
Electrolytic  Capacitors 
that are meeting  with 
widespread favor. 

AVAILABLE for 
prompt shipment 

FULLY PROVED 
and tested to meet exact-
ing specifications on land, 
at sea, and in the air 

HANDLE TODAY'S CAPACITOR JOBS 
with SPRAGUE ELECTROLYTICS 

Frankly, we're looking for the people, 
military or civilian, who "don't like elec-
trolytics". We keep hearing about them, but 
never quite catch up with them. When we 
do, we're not going to argue. We simply 
want to find out what performance they 
need, then give it to them—in electrolytic 
capacitors that cap be delivered almost in 
the time it takes to arrange priorities on 

certain other types. 

Actually, Electrolytics have far more than 
small size and light weight to recommend 
them. They meet all specifications: salt-air, 
reduced pressure, reduced and elevated 
tern peratures, transients, reversed voltage, 

GET THE PROOF! — Put your capacitor problem up 
to Sprague engineers. Let them prot e that Sprague 

Ekctrolytics will do your job — and do it right. 

• " igt 
#4 lgt  kl 474,0 "Pwr 

r.f. impedance, and many more. They fly. 
They swim. They even sit unused for months 
and are still ready to go at the flick of a 
switch. They can be sealed as well as any 
condenser type—and they're adaptable to 
many designs and combinations, from the 
popular octal base types shown here right 
along the line to whatever may be required. 

SPRAGUE SPECIALTIES COMPANY 
North Adams, Mass. 

SPRAGUE ELECTROLYTICS1 , 

for PORTABLE EQUIPMENT! 
To those who question the use of electro-

Find the smallest capacity of paper con-
denser (even if it is as big as a house) that 
will do your low frequency filtering job. 
Then tell us the low frequency you are trying 
to get rid of (20 to 120 cycles), and the 
voltage ranges ... then... 

You'll be unable to detect any difference in 
•  performance between this paper con-

denser and the Sprague Electrolytic 
we'll recommend. The only difference 
trill be in the greatly reduced tire and 
u eight of the electrolytjc! 

lytics in portable equipment, we suggest: 

1 
MANUFACTURERS OF A COMPLETE LINE OF RADIO AND INDUSTRIAL CAPACITORS AND KOOLOHM RESISTORS 
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/folk: /a  Piday 
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Our mills are working to capacity rolling "BERALOY 25" (beryl-

lium-copper), "TOPHET" (nickel-chrome), and "CUPRON" 
(copper-nickel) ribbon and strip for vital war applications — 

so vital we know that we are actually "ROLLING TO VICTORY". 
Consult us on your requirements for hot and cold rolled 

special alloys in rod, wire, ribbon, and strip. 

WILBUR B. DRIVER CO. 
NE WARK, NE W JERSEY 

• • ••.,  , 

'•Y  (...  • 

DYNAMOT ORS 

ana"Pog#igha'sf 

The men in the planes can tell you 
that it takes perfect coordination of 
every factor—of manpower, plane and 
instruments—to come out on top in a dog-
fight. Dynamotors don't do the shooting 
—but they furnish the necessary power for 
radio communications, direction-finding, 
radio compass and other instrument controls 
which enable our men to find the enemy, attack 
and come back safely. Eicor Engineers are proud 
of the job Eicor Dynamotors are doing today 
in fighters, bombers, trainers and transports. 

Eucom 11 N C. 1501 W. Congress St., Chicago, U.S.A. 
DYNAMOTORS • D. C. MOTORS • PO WER PLANTS • CONVERTERS 
Expert: Ad /lawmen°, 89 Brood St., New York, U. S. A. Cobh.: Aur;emo, New York 
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NAVAL ORDNANCE LABORATORY 

The Naval Ordnance Laboratory, lo. 
,ated in Washington, D.C., is a research 
development agency of the Bureau of Ord-
nance, concerned with the design of new 
pee of naval mines, depth charges, aerial 

hombs and other ordnance equipment, in, 

hiding measures for the protection of 
ships against mines. 
This laboratory needs physicists and 

electrical engineers with electronics experi-
ence, mechanical engineers familiar with 
the design of small mechanical movements 
or mechanisms, and personnel for techni-
cal report writing and editing. Write to 
Naval Ordnance Laboratory, Navy Yard, 
Washington, D.C. 

RADIO AND ELECTRONIC ENGINEER 

For developmental work. Must combine 
practical ability with a little of the "dream-
er." Excellent opportunity with alert or. 
panization. Write  Radio Receptor Corn-
pany, Inc., 251 %V. 19th Street, New York, 
N.Y. 

ELECTRONIC ENGINEER, PHYSICIST 

AND DRAFTSMAN 

Capable radio engineer for work on x•ray 
and allied applications, and physicist with 
specialized experience in electronics. Me-
chanical draftsman, with practical produc-
tion experience, for work involving usual 
drafting for production of electronic de-
vices,  primarily in  x-ray  field.  Write 
Philips Metalix Corporation, 419 Fourth 
Avenue, New York, N.Y. 

RADIO INSTRUCTORS 

Urgent need for men and women to serve 
as civilian instructors in radio at the Army 
Air Forces Technical School, Sioux Falls, 
South Dakota. Starting salaries range from 
$1,620 to $2,600 per annum, depending 
upon the education and experience of the 
applicant. Minimum requirements include 
a high school education (which may be 
waived in some cases), plus one of the 
following: 
1. Holds, or has recently held an ama-

teur or commercial radio operators license. 
2. One year's experience as a radio op-

erator, radio engineer, or radio repairman. 
3. Successful  completion  of  a six 

month's resident course in radio or an 
E.S.M.D.T. radio course. 
4. One year of college work in a recog-

nized institution.  .•••, 
Applicants who have had at least six 

months experience in advanced and diffi-
cult radio work, who have taught radio 
or allied subjects for at least six months 
or who have a degree in electrical or radio 
engineering or the equivalent, will qualify 
for a starting salary of $2,000. Those with 
certain additional experience may qualify 
for a starting salary of $2,600. 
For full particulars write to: A. A. F. 

kEomtap.loyment Officer, Army Air Forces  
Technical School, Sioux  Falls, Sout h Da-

RADIO ENGINEERS AND 

M ONITORING OFFICERS 

Applications for positions with the Fed-
eral Government of radio engineer at 
$2,600 to $8,000 a year, radio monitoring 
officer at $2,600 and $3,200 a year, and 
radio mechanic technician at $1,440 to 
82,600 a year, will be accepted at the 
W'ashington, D.C., office of the United 
States Civil Service Commission. Qualified 
persons urged to apply immediately. No 
written tests, Applicants will be rated on 
the basis of their statements in the appli-
cation, subject to verification by Commis-
,ion. For full information, and application 
forms, write to United States Civil Service 
Commission, Washington, D.C. 

(Continued on page xlio) 
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1N the manufacture of precision instruments for  the Armed Forces we strive for short cuts in 

production —but not in quality. There can be no 

expediency, no compromise, no half-way measures. 

The success of the bomber's mission depends as 

much upon the efficiency of the instruments as it 

does upon the skill of the officers and men. 

Meeting the specifications of 

the United States Armed Forces 

in war as in peace. 

is in itself an eloquent testimonial to the quality 
of DeJur meters, potentiometers and rheostats. 

However, we do not rest upon these laurels alone. 

Behind DeJur workers is the stern tradition of 

New England ... honesty of craftsmanship, pride 

of skill, the deep, personal delight in doing a job 

and doing it better than anyone else —anywhere. 

teded tite /dace ojtrateeei. Your inquiries are irrviteet 

tie U 

SHELTON, CONNECTICUT 

Manufacturers of Defur Meters, Potentiometers, Rheostats 
other Precision, Quality Electrical Instruments 

and 
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Performance Counts 
kca. 

ENGINEERED FOR FOR ENGINEERS 

EMIT INSTRUMENT AND RELAY 
RECTIFIERS are the product of 

years of laboratory research. 
They are manufactured in eight 

standard sizes with outputs rang-

ing from 8 to 120 milliamperes. 

Due to special forming proc-

esses the Emby instrument and 

relay rectifiers have been made 

permanently stable and their life 

is unli mited. 

The unipolar conductivity of 
the seleniu m-to- metal junction is 

utilized for rectification purposes. 

In addition, all Emby instru-

ment and relay rectifiers are 

shock-proof and perform satis-
factorily in the te mperature 

range from —80 ° C to + 70 ° C. 

Convenient soldering lugs are 

provided on all types thus di m-
inating additional asse mbly 

parts. Detailed data sheet mailed 
on request. 

Ester rearortecralt czta.s are of the 
selbgenerating type and are manufac. 
lured in ten standard sizes and lour 
sensitivity  ranges.  Detailed  bulletin 
.sailed on request. 

ACTUAL SIZE SERIES S RECTIRERS 

ACTUM SIZE $UES I RECTiZIERS 

SELENI U M 

CORPORATION 

OF AMERICA 

MFRS. OF EMBY PHOTO-ELECTRIC CELLS, 
SELENIU M RECTIFIERSted Other SCIENTIFIC Products 

1800 West Pico Blvd • Los Angeles, California 

114 

U S ARMY 

BRANCHES 

EH 

IN  THE  M A NUF ACTURE  OF 

CABINETS 
CHASSIS 
PANELS 
RACKS 

ELECTRONIC 

APPARATUS 

Send specoficotion,, 

Of write for our 

Catalog No. 41. U. S. ARMY 

BRANCHES _ R=METAL PR O D U C TS 
CORPORATION 

3 2 -6 2 -4 9th STREET .. . LONG ISLAND CITY. N. Y. 
Expert Dept. 100 Varick St.. N. Y. C. 

DO.ALCO 
PILOT LIGHT ASSEMBLIES 

"YOUR CO-OPERATION MOST GRATIFYING" 
7..rzteu  a pro Millen I  'ar- order contraitur 

Co-operation in delivery, plus co-operation in engineering, 
has won for us the thanks and praise of Government Depart-
ments and war-order contractors. 

Leaders in this field, we are geared to meet dif-
ficult delivery and engineering requirements... 
For samples and blueprints, send your problem 

to Dept. D-41. 

FOR QUICK ACTION. WRITE NO W! 

DIAL LIGHT CO..641-ave4 I N C 
90 WEST STREET • NEW YORK, N. Y. 
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VUBES for war use and new indus-

trial electronic applications are a most 
important part of Raytheon's power 
tube division ... power tubes specif-

ically designed and engineered 

for the secret electronic equip-
ment for the war effort are the 
day and night assignment of 
Raytheon's vital part in 
bringing perpetual peace. 

The knowledge and 
proven skill of Raytheon 
engineers obtained 
through years of ad-
vanced scientific research 
and gruelling laboratory 

tests are responsible for the 
high recognition of Raytheon's 
power tubes in the fulfillment 
of the important tube requirements 

of war. 

When Raytheon tubes are again 

available for domestic electronic ap-
plications you will have the additional 

benefits obtained from our war-time 
research and development. RAYTHEON 

For Military reasons 
tube illustrated is not 
a new development. 

lilti  
Raytheon Manufacturing Company  1111 

im I--
, WALTHAM and NEWTON, MASSACHUSETTS  omit  •  1111• 

IMINI NV ORNI MIPRIP 

DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ELECTRONICS 
midnigrf 
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NE W JOBS 
CREATE NE W 

OPPORTUNITIES! 

There's no "ceiling" to the 
better jobs available today. 
CREI home study courses 
provide the practical techni-
cal training necessary to 
"make good" now — and 
to enjoy security in the 
years to come! 

Hundreds of practical radiomen have been 
given responsible jobs throughout the 
radio industry—government jobs, broad-
cast jobs, technical manufacturing jobs, 
aviation radio jobs—jobs which in many 

instances require a thorough knowledge 
of practical radio engineering. 

• Practical radiomen who realize that for-
tunate circumstances have placed them in 
a job requiring technical ability of high 
calibre . . . 

• Men smart enough to know that they 
will "get by" in their better jobs only so long 
as fully qualified men are unavailable . . . 

• Men who have the ambition to make 
good in their new better jobs and to rise to 
even still better jobs. . . . 

• . . will be interested in a CREI home study 
course in Practical Radio Engineering to help 
them acquire the necessary technical knowledge 
and ability which is demanded by the better, 

higher paying positions in technical radio. 

We will be glad to send our free booklet 
and complete details to you, or to any 
man whom you think would be inter-
ested. 

CREI Students and Graduates— 
ATTENTION ! 

The CREI Placement Bureau ta flooded 
with requests for CREI trained radio 
men. Employers in all branches of radio 
want trained men. Your government wants 
every man to perform his job, or be placed 
in a job, that will allow him to work at 
M aXi MU M Productivity . If you are or will 
be in need of re-employment write your 
CREI Placement Bureau at once. 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

E. H. RIETZKE, President 

llama Study Courses in Practical Radio Engineer-
ing for Professional Self -Improvement 

Dept. PR., 3224 -16th Street, N. W. 
WASHINGTON, D.C. 

Contractors to the 15. S. Signal Corps—II. S. Coast Guard 

Producers of Well-trained Technical Radiomen 
for Industry 

(Continued from page xl) 

COMMUNICATIONS ENGINEERS 
AND PHYSICISTS 

Several openings in the Research Lab-
oratory,  Development  and  Engineering 
Divisions for communications engineers 
and physicists. Men holding Ph.D. and 
B.S. (E.E.) Degrees, and men with proven 
ability in physics or electrical engineer-
ing desired. 
Other positions open for engineers and 

physicists with experience in development 
of microphones and telephone receivers to 
predetermined standards. Another position 
calls for experience in the design and 
measurement  of microphones and tele-
phone receivers. Another calls for acous-
tical engineering experience in communi- ' 
cations. Opportunity is given for perman-
ent post-war connections in the communi-
cations-equipment manufacturing industry. 
Only American Citizens can be constri-

ered. Apply by letter stating full qualifica 
tions. Bert Holland, Personnel Mann,-
Kellogg Switchboard & Supply Co., 66 , 
South Cicero Avenue, Chicago, Illinois. 

RADIO INSPECTORS 
Radio Inspectors sought by Federal Corn. 

munications Commission.  The positions 
pay $2,000 and $2,600 a year, and are 
located throughout the United States. Du-
ties include inspection of radio equipment 
on ships and aircraft, or at land stations, 
the making of frequency runs and har-
monic analyses, and the examination of 
radio operators. 
No written test will be given to appli-

cants. To qualify for Radio Inspectors, 
$2,600 a year, applicants must have hod 
education and experience as described in 
one of the following: (1) a full 4-year 
course in electrical or communications en. 
gineering at a recognized college or uni-
versity, (2) a full 4.year college course 
with major study consisting of at least 
24 semester hours in physics. (3) 4 years 
of technical experience in radio work, or 
(4) any time-equivalent combination of 
(1), (2), or (3). Amateur radio experience 
under a class A license may be substituted 
for 2 years or less of experience. For 
Assistant Radio Inspector, $2,000 a year, 
only 3 years of this education and experi-
ence are required. 
In addition, applicants must hold a valid 

second-class radiotelegraph operator's li-
cense, or must demonstrate during the 
first 6 months of service their ability to 
transmit and receive 16 code groups per 
minute in International Morse Code. They 
must also be able to drive an automobile. 
Full information, and application forms, 

may be obtained at first- and second-class 
post offices,  except  in  regional  head-
quarters cities where they are available 
only at the civil service regional offices, 
or from the U. S. Civil Service Commis-
sion at Washington, D.C. 

Attention Employers ... 
Announcements for "Positions Open" are 
accepted without charge from employers 
offering salaried employment of engineer. 
ing grade to I.R.E. members. Please supply 
complete information and indicate which 
details should be treated as confidential. 
Address: "POSITIONS OPEN." Institute 
of Radio Engineers, 330 West 42nd Street. 
New York, N.Y. 

The Institute reserves the right to refuse any 
announcement without giving a reason for 

the refusal 

TRANSFORMERS THAT 

FIGHT 
BATTLES 

AND 
BREAK 

PRODUCTION 
BOTTLE-NECKS 

On the battle fronts of the world Acme Trans-
formers are giving a good account of them-
selves. If you, too, need transformers that are 
built to meet emergency performance beyond 
the requirements of the application, then get in 
touch with Acme Electric transformer special-
ists. 

Sealed-case transformers for air-borne cons• 
mumication equipment. These transformers suc-
cessfully withstand climatic and temperature 
conditions of the steaming tropics or the intense 
cold of the 40,000 ft. altitude. 

High  voltage 
plate  supply 

tra ns-
for mer 
for  trans-
mitter. 
33.000volt, 
1.8 ampere 

secondary, 230 
volt, 60 cycle 
primary. 

A manually operated full 
range  stepless  voltage 
control unit, from 0 to 
135 volt. Regulation ac-
curate to within 4/10 
volt adjustment. Not • 
resistance regulator; out-
put voltage is independ-
ent of load. Panel and 
portable types. Write for 
Bulletin 150. 

THE ACME ELECTRIC & MFG. CO. 
44 Water St.  Cuba, New York 
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SYLVANIA 
ELECTRIC PRODUCTS INC. 

formerly Hygrade Sylvania Corporation 

Emporium, Pa. 

441a/44/we/ 1.901 . . . ./11(4eis .Vnewne/e4rent gUnele4, .Wainracent 
flUne/e4, /lir& ee4  ..siere44.9W-e4, ;%?ne/in dinfe4  fee/m,iir .fileerice4 

NAME TO REMEMBER. You may find the Sylvania name and mark on 
radio tubes, incandescent lamps and fluorescent lamps and equipment 

already in your service. It is a name to remember—to hold in mind and 

seek out when time comes to make necessary replacements. If you then 

find it less easy than formerly to locate Sylvania Tubes and Limps— just 

remember that war needs must come first. We are doing all we can 

to fill-civilian needs in view of wartime necessities that must be met. 

BEHOLD ANEW 
* The world and most that we know 

about it is the gift of our eyes and ears. 

Listen, and Behold, are the earliest admo-

nitions for knowledge. Could any mission 

be higher, then, than that of expanding 

the scope of human sight and hearing? 

Even when the means is modest, as an 

incandescent lamp, or fluorescent lamps 

and equipment, or radio and electronic 

tubes? Everyday things these, of critical 

value now, that we work upon here at 

Sylvania. Yet they are keys to whole new 

worlds of boon and blessing. Already flar-

ing in the vacuum tubes are prophetic 

miracles, from television to aircraft landing 

beams, from making germ structure visible 

to killing bacteria by light, from measuring 

ocean depths to penetrating fog and storm. 

Small wonder we approach our work hum-

bly. Or that we set for ourselves the highest 

standards known. 
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BULL'S-EYE IN 

Stabbing out into the black of night 
. . . locating winged raiders . . . 
downing an unseen enemy . . . elec-
trical and electronic devices are 
helping United Nations win mas-
tery of the air. 
Today, the Allies are benefit-

ing by the years of peacetime 
research. Companies long active 
in the radio industry, like Utah 
Radio Products Company, are 
turning the skill of their labora-
tories to the manufacture of 
weapons for war. 
Utah dependability, long a by-

word in the radio industry, is 
being built into all kinds of elec-
trical and electronic devices, for 
the Navy, Army and Air Corps. 

THE DARK 

We would like to tell you this 
whole story of Utah develop-
ments, but that would be inter-
esting to the enemy, too; so the 
full details will have to wait until 
after the war. 

Then, when America is back 
in the swing of peacetime activ-
ity — American homes and fac-
tories will benefit from the war-
time research and improvements 
that are now going on at Utah. 
Re-united family circles will have 
greater convenience and enjoy-
ment. Industrial production will 
be assured of greater economy 
and efficiency. UTAH RADIO 
PRODUCTS COMPANY, 842 
Orleans St., Chicago, Ill. 

PARTS FOR RADIO, ELECTRICAL AND 
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OFFERING LONG LIFE INSURANCE! 
To make a capacitor with long life expectancy, 

every step of manufacture from winding to im-
pregnating must be meticulously supervised— 

rigid inspection must be standard procedure— 
electrical ratings must lean far to the conserva-

tive side. 
By following these principles, Tobe offers you 

capacitors that are, in a sense, protected by our 
special form of "long life insurance." The 

soundness of this procedure is being proved 

every day by the virtually complete absence of 

"returns", i.e. condensers that didn't live. 
Type DP Molded Paper Capacitor illustrated 

above is the first oil-impregnated condenser to 
be found physically and electrically inter-

changeable with the majority of mica capacitors 

used in the by-pass and coupling circuits of 

radio and radar equipment. We cannot fill new • 
orders immediately, but early requests for 

samples will be given priority. 

CAPACITANCE 
WORKING VOLTAGE 
SHUNT RESISTANCE 

SPECIFICATIONS—TYPE DP CAPACITOR 
.001 to .01 mid. 
600 volts DC —flash test 1800 volts DC 
At 185° F.— 1000 megohms or greater 
At 72° F.-50000 megohms or greater 
Minus 50° F. to plus 185° F. 
Upper limit 40 megacycles 
Q at one megacycle-25 or better 

At 1000 cycles—.005 to .006 
These capacitors meet Army and Navy requirements for immersion seal 

WORKING TEMPERATURE RANGE 
OPERATING FREQUENCY RANGE 

POWER FACTOR 

4... 

01SCHMANN 

• 10 Bt.. • 
MASSAC‘j' 5 



Available in single or tandem type . . . with 

or without switch . . . for use as a potentio-

meter or rheostat ... in resistance values up 

to 10,000 ohms. 

Linear taper only . . . rated conservatively at 

3 watts . . . temperature rise of 100 ohm unit 

is 28° C. at 3 watts, 40 C. at 4 watts with 

load carried over total resistor. 

Total rotation 300'. Switch type requires 40° 

for switch throw. 

Available to Your Specifications 

CENTRALAB: DIV. OF GLOBE-UNION, INC., MILWAUKEE, WIS. 
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YANKS IN AXIS PRISON CAMPS COULD TELL YOU... 
how important it is to give war equipment 
maximum reliability. When blueprints call 
for capacitors ... use Cornell-Dubilier. 

IS THIS AMERICAN soldier thinking, 
they let me down? Thinking, I wouldn't 
be in this place if that stuff hadn't 
failed. "That stuff" could have been 
fighting equipment you were responsible 
for. Run no risk in vital war production 
... use C-Ds whenever the design calls 
for capacitors. Manufactured by special-
ists, Cornell-Dubilier capacitors have 

that extra measure of stamma,perform-
ance, reliability needed in war opera-
tions. This capacitor dependability, born 
of Cornell-Dubilier's 33 years accumu-
lated experience, may mean the differ-
ence between victory and — the concen-
tration camp. Cornell-Dubilier Electric 
Corporation, 10124 Hamilton Boulevard 
So. Plainfield, New Jersey. 

MICA TRANS MITTER CAPACITORS 
illy ili.t I iansmattr CapaLitor Type 59, illus-
trated, is of improved design, extremely adaptable 
and has been proven dependable under the most 
severe operating conditions. Enclosed in low-loss, 
white glazed ceramic cases, with cast, low-resist-
ance. aide-path end terminals. Can be mounted 
in any position, individually or in groups in series 
or parallel combinations. Type 59 Capacitors are 
described in Catalog No. MOT, free on request. 

Cornell Duhilier 
capacdors Mica Paper Wet & Dry Electrolytic Capacitors 
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TYPE 200-B VARIAC 

The small 170 watt Variac 
is the center of voltage 
control on thousands of 
war radio receivers and 

secret devices. 

i.  
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TYPE 50-B VARIAC 

The large 5 Kilowatt Variac is used in many 
high-powered radio transmitters. 

• 

TYPE 572-B 

MICROPHONE HUMMER 

The  microphone  hummer 
provides a 1000-cycle tone 
for modulation, testing and 
hundreds of other uses. 

Because all of our 
facilities  are  de-
voted to war pro-
jects, this equipment 
is at present avail-
able only for war 
work. 

It  

TYPE 274-P PLUG 

This banana plug (a 
GR invention) is the 
basic element in the 
design of the ma-
jority of plug-in de-
vices forcombat radio 
equipment. 

TYPE 520-A 

DIAL LOCK 

This Dial Lock 
secures control 
dials under con-
ditions of ex-
treme vibration 
in airplanes 
and tanks. 

TYPE 314-A RESISTOR 

The  rheostat-potentiom-
eter is a vital part in mil-

itary equipment, and must 
not fail under the severest 

war operating conditions. Small Things 
UT IMPORTANT 

Military radio equipment is not cheaply built. Reli-
ability and precision are far more important than cost, hence 
high-quality parts are a necessity. General Radio parts, 
originally designed for use in precise General Radio instru-
ments, have the quality and sturdiness needed for these 
exacting requirements, and they find increasing application 
in service equipment. 

GENERAL RADIO COMPANY • Cambridge, Massachusetts 


