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GARGANTUAN TUBE-TEST RACK 

Thirty-two modern cathode-ray tubes, for television reception, 
simultaneously endure thousands of hours of steady over-
load at voltages from 1200 to 60,000, interrupted only by their 
brief removal during special periods devoted to measurements. 
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UTC Linear Standard Transformers feature... 

of stray fields. 
True Hum  Balancing  Coll  Structure  . . . maximum neutralization 

Balanced Variable Impedance Line  . permits highest fidelity on 

couplings, every lap of a universal unit  . . no line reflections or transverse 

• it•••rsibi• mounting ... permits above chassis or sub-chassis wiring. 

• Alloy Shields . . . maximum shielding from induction pickup. 

• Multiple Coll, Semi-Toroidal Coll Structure . . . minimum distrils-
idled capacity and leakage • reactance. 

• Precision Winding . . . accuracy of winding .1%, perfect balance 
Of inductance and capacity; exact impedance reflection. 

Eliperm•Alloy ...  stab/ft, high permeab ty nickel-iron tore material. 

ci Nigh Fidelity . . . UTC Linear Standard Transformers are the only 
audio un its with  a guaranteed  uniform  response  of ±1 .5DB from 
20-20,000 cycles.   

ND* 
No. 

LS-10 

LS-10X 

15-21 

LS-30 

LS-308 

IS-50 

Application 

Low impedance mike, pick-up 
or multiple line to grid. 
As above 

Single plate to push pull grids 
Split primary and secondary 

Mixing, low impedance mike, 
Pickup, or multiple line to 
multiple line 

As above 

Single plate to multiple line 

LS-55  Push pull 2A3, 6A5G's, 
300A'5, 275A'5, 6A3's, 6L6's 

LS-57  Some os above 

Primary 
Impedance 

530, 1525, 200, 250, 
3 3 00 .  /600 ohms 

As above 

8,000 to 15,000 
ohms 

5303 5 , 125, 200, 250' 

, 00 /60 0 Ohms3  

As above 

8,000 to 15,000 
ohms 

5,000 ohms plate 
to plate and 3,000 
ohms plate to plate 

5,000 ohms 'plate 

to plate and 3,000 
ohms plate to plate 
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SECOND 

ID 100  1 3  a  ' 'too  I 

FREQUENCY IN CYCLES piR 

Typical Curve for LS Series 

ircondory 
Impedanc• 

60,000 ohm in Iwo 
sections  

50,000 ohms 

135,000 ohms: turn 
ratio 3:1 overall 

50, 125, 200, 250 
333, 500/600 ohms 

As above 

50 1125, 200, 250, 
333, 50 0/600 ohm 

500, 333, 250  s 

125, 50, 30, 020°, 

5, 225,, 11.2' 
30, 20, 15, 10 
5. 2.5, 1.2 

Max. uRe So t h m-pi  p 
r•duction 

+15DE1 

+14 DB 

+14 DB 

+17DB 

+15 DB 

+17DB 

20 watts 

20 watts 

The above listing includes only a few of th• many units 
of the L5 Series. For complete listing - Write for catalogue. 

ISO VARICK STREET 

NE W TO RN  23  N. Y. 
EXPORT DIVISION: 13 EAST 405 h STREET, NEW YORK 16, N. V.  ,   

CABLES: 'ARIAS" 

-92 

-74 DB 

DB-C) 

Max. unbal-

ancod DC in 
Primary 

-74 DB 

-74 DB 

-92 DB-0 

-74 DB 

5 MA 

5 MA 

0 MA 

5 MA 

3 MA 

0 MA 

a. 

List 
Pric• 

$25.00 

$32.00 

$24.00 

$25.00 

$32.00 

$24. 00 

$28 00 

$20. 00 



NOW 
RF HEATING TUBES DESIGNED 
and PROCESSED ESPECIALLY 

"  " FOR RF HEATING PURPOSES 

trete 

To Machlett Laboratories the tube needs of the RF heating industry have 

been a challenege — no less than they have been a source of deep concern 

to the industry itself. The electronic heating industry has now grown to 

such importance as to require — and merit — the best the electron tube 

industry can produce ... and here the "best" must mean tubes designed 

and processed especially for its needs, not "hand-me-downs," no matter 

how high in quality, from communications or other fields. 

For this reason ... 

M ACHLETT LABORATORIES 

eil/nnotunce 

their initial step in a planned program 

to provide the RF beating industry 

for the first time 

with a line of tubes designed, processed, 

and serviced exclusively 

for its use 

Machlett Laboratories' announcement sev-
eral months ago of RF Heating Tube Types 
ML-5604 and ML-5619 constituted the 
first tangible recognition by the tube indus-
try of the special requirements of the 
electronic heating field. These tubes, fea-
turing above all else an unquestioned abili-
ty to handle—without penalty to life or per-
formance—the most severe load mis-match-
ing and the unusual physical conditions 
inherent in industrial service, marked the 
beginning of a new concept of service to this 
growing industry. Unmatched in mechani-
cal ruggedness, they embody materially 
heavier sections, sturdier grid, cathode 
and terminal construction, and principles 
of tube design and processing which assure 
better performance and longer life. 
These same principles are now embodied 

in five new tubes—ML-5658, ML-5666, 
ML-5667, ML-5668 and ML-5669. Thus 
there is now available— for the first time— 
for both initial installation and for replace-
ment, for all induction and dielectric heat-
ing purposes from 5 to 50 KW, a selection 
of tubes, each of which is custom-made for 
the job it has to do. 

Machlett RF Heating Tubes will be sup-
plied —,where desired — with scientifically-
designed terminal connectors affixed to the 
tubes at the factory. Flexible leads will be 
permanently attached in lengths to meet 
equipment manufacturers' requirements. 

To the RF Heating Equipment manufac-
turer these Machlett electron tubes and acces-
sories will provide the first real freedom 
from "tube worries" and assure user satis-
faction. They will contribute to demon-
strating the effectiveness and economy of  50 Years of Electron Tube Experience 

electronic heating. Priced only slightly 
higher than the standard communication 
tubes generally sold for this purpose, they 
will prove lowest in cost through better per-
formance and materially longer life. 
Write for complete technical data on this 

new line of tubes and accessories A Mach-
lett Application Engineer will gladly visit 
you at your request. 

MACHLETT LABORATORIES, INC. 
Springdale, Connecticut 

AUTOMATIC SEAL WATER  JACKET. No tools 
needed to open and close the new Machlett water 
jacket. No worry about tube breakage or water 
leakage. Jacket cannot be opened unless water 
pressure is off, nor closed unless tube is properly 
seated. Your hand opens and closes a perfectly 
safe seal with just a single twist. 

II 
ML-5619 RF HEATING TRIODE, 
water cooled with automatic seal 
jacket, or for forced-air cooling 
(ML .5604). 
Maximum Input  32.5 KW 
Maximum Plate 
Dissipation (ML-5619)  20  KW 

Maximum Plate 
Dissipation (ML-5604)  10  KW 

4 1#  

ML-5658 RF HEATING TRIODE 
Maximum Input  60 KW 
Maximum Plate Dissipation 20 KW 
Will replace Type 880 without equip-
ment modifications) 
Automatic seal water jacket as shown. 

ML-5667 FORCED-AIR COOLED 
TRIODE, available for water cool-
ing ML-5666, with automatic seal 
jacket. 
Maximum Input  20  KW 
Maximum Plate 
Dissipation (ML-5667)  7.5 KW 

Maximum Plate 
Dissipation (ML-5666)  12.5 KW 

(Will replace Types 889A and 8898A 
without equipment modifications) 

ML-5668 WATER-COOLED RF 
HEATING TRIODE, available with 
automatic seal jacket. 
Maximum Input  28 KW 
Maximum Plate Dissipation 20 KW 
10/111 replace Typos 892 and 892R 
[by ML-56691 without equipment mod, 
fications) 
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this team 

RESEARCH in telephony has given birth to many of the impor tan t 
advances in the transmission, amplification and reproduction of sound. 

Out of the telephone transmitter came the first successful commerCial, 
microphone in 1920.. .out of the receiver came the loudspeaker in 1919 
out of the vacuum tube repeater—developed for telephony in 1913— 

the modern science of electronics. 

It is only natural that Bell Laboratories scientists and Western Electric 
engineers, working as a team to improve telephony, have pioneered in the 
design and manufacture of equipment in all of these fields which have 
sprung from the telephone. 

Whether you are interested in radio broadcasting, mobile radio, sound 
motion pictures, sound systems, radar, hearing aids or radio telephony, 
you'll find it wise to look to equipmeni designed and manufactured to fill 
your needs by the Bell Telephone Laboratories -Western Electric team. 

- QUALITY COUNTS 

2A PRO( EE1)1 1.R.L.  DeLember, 1947 



can lead in all these fields 

BROADCASTING 
AM, FM 

SOUND PICTURES 

vre. 

HEARING AIDS 

RADIO TELEPHONY 
Overseas, Ship-to-Shore, Point-to-Point 

SOUND SYSTEMS 
Public Address, Music Distribution, 

Wired Music 

MOBILE RADIO 
Police, Marine, Aviation, Railroad, 

Urban and Highway Service 

RADAR 

BELL TELEPH O NE  LAB ORAT ORIES 
.orld.s larpusi organization tlialaril f'11 1(1.11 PI I Iii I 

afal derelornuall jfl all phases of vIvcirical cammitaifaaaa., 

Western Electric 
Manufacturing unit uf thr  .vsleta awl Ilse nation'. lar;:esi 

irrailart,r „r  mu tricritimis vaaipmeal. 
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iEsE data explain the outstanding performance 
of Tobe "Oil-Mites" ... demonstrate their quali-

fications for use under extreme humidity and tem-
perature environment . . . show the diversity of 
mounting provisions, sizes, housings, and electrical 

1V6  ratings for convenient incorporation in electronic 
and electrical apparatus. 

Winding: non-inductive. 
Impregnation: mineral oil. 
Case: seamless drawn steel, hermetically sealed; non-mag-
netic case (copper or brass) can be furnished. 

Terminals: non-removable tinned copper solder lugs riveted 
to phenolic bushings. 

Terminal Seal: oilproof gaskets between all adjacent surface,: 
in terminal assembly; terminal solder-sealed to assembly 
rivets; metal-to-glass-sealed terminals can be furnished if 
specified. 

Case Finish: tinned all over. 
Markings: type number, voltage and capacitance rating, and 
terminal identification ink-stamped on case. 

Insulation Resistance: never less than 2,000 megohms. 
Dissipation Factor: lest than 0.008 at 1,000 cycles. 
Operating Temperature: minus 550 to plus 85C. 

VDC 

100 

200 

400 

600 

1000 

With Attached Channel Bracket 

Case A 

.01 — 1.0 

Case C 

.01 — .25 

2  .05 2 s I 

Case D 

.01 — 1.0 
2 x .05, 2 x .1 

.01 —.50 
2 a .05, 2 a .1 

With Reversible Hold-Down Bracket 

Case E Case F  Cast G 

2 a .05. 2 a .1 

Case H 

4.0 

.01 — .25  .05 — 1.0 

Uniformity of size adds to the convenience afforded by "Oil-
Mites," allowing gang installation above or below the chassis. 
Both upright and inverted mounting can be furnished, as 

illustrated. Where necessary, variation can 
be made in style and position of terminal 
lugs. 

Reprints of his specification page are avail-
able and will be sent on request. For detailed 
data on "Oil-Mites" and other Tobe Capaci-
tors ask for Catalog 4712RE. 

T OBE DEUTSCHM A N N eel:1204444w CANTON, MASSACHUSETTS 
PROCEEDINGS OF THE I.R.E. December, 1941 



SMALLER, LIGHTER 

VEREADY" 
liwB" BATTERY 
for more compact 
portables! 

SPECIFICATIONS: 

Voltage: 
"A"-9, tapped at 71/2. 

Size: 
9 7/3 r x 2 23/32" x 4 Silt, . 

Net weight: 
1 lbs. 15 ow. 

NOW the "Eveready" combination "A-B" 90-volt 
battery pack is available in even a smaller size... 
for the more compact, lighter portables. This pack 
provides plenty of power — it will last longer than 
any other "A-B" pack of comparable size. 
This longer life is the result of the exclusive flat-

cell principle found only in "Eveready" "Mini-Max" 

batteries. 
It will pay you, in designing your new portables, 

to take advantage of this powerful, lighter-weight, 
smaller "Eveready" battery pack. For more details, 
consult National Carbon Company, Inc. 

EVEREADY 
TRADE- MARKS 

MINI-MAX 

RADIO BATTERIES 

Will outlast any 
other battery pack 
of its size! 

• Ordinary battery (left) is made of round cells and wasted 
space! "Eveready" battery (right) is made of flat cells—no 
space between them wasted by air, pitch, or cardboard! 

The registered trade-marks "Eveready" and "Mini Max" 
distinguish products of 

NATIONAL CARBON COMPANY, INC. 
30 EAST 42nd STREET, NE W YORK 17, N. Y. 

Unit of Union Carbide and Carbon Corporation 

PROCEEDINGS OF THE 1.R.E. December, 1947 
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SIDE-MOLDED 
... for maximum stability of per-

meability with respect to length. 

IRON SLEEVE 
Paving the way to highly efficient 

tuning In units of smaller size and 

with smaller cans. 

11 

SCRE W TYPE 
Rras  m ews are eliminated from 

toe coil field, thus greatly increas. 

ing efficiency and reducing size In 

many applications. 

STANDARD and 
HI G H  FRE Q UE NC Y TY PES 

... Available in sizes, shapes and 

ranges for practically any require-

ment. Engineered to specific needs. 

• 

1 

LOSSES BALANCED WITH 

CORRECT, EFFECT 

PER MEABILITY 

0\713 

Optimum iron core efficiency calls for full consideration of all 
loss factors, then balancing these carefully against correct effec-
tive permeability. 

To achieve this end, Stackpole offers several unique iron core 
types in addition to its standard lines. Frequently, these have 
paved the way to combining a low loss factor with engineering 
short cuts of proved economy and dependability —not only in 
the cores themselves, but likewise in the way in which they can 
be utilized in a circuit. • 
• Based on an extremely broad background of practical appli-
cation experience, Stackpole welcomes the opportunity to engi-
neer iron cores for specific applications. 

Write for Stackpole Electronic Components Catalog RC6 
ELECTR O NIC  C O MP O NE NTS  DI VISI O N 

STACK POLE CARBON COMPANY, St. Marys, Pa. 

RE SI S T O RS  • IR O N  CO RE S  • S WI T C H E S 
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HY69 — the original 

instont-heoting tube. 

Bendix MRT-3A, 152-162 Inc f-m taxicab 

transmitter uses 2E30's generously. 

a  OF NEW MOBILE 
TRANSMITTER DESIGNS 

1   

J;)a  \\S\ A 

THE ORIGINAL INSTANT-HEATING TUBE 
Because they fill a real need for conserving filament power, Hytron instant-heating 

tubes are in. Yes, the 2E25, 2E30, HY69, HY1269, and 5516 are in the new mobile 
transmitter designs of many famous friends—too many to thank in this small 

space. The 2E25 and 2E30 also appear on the Army-Navy Preferred List. Why so 

popular? With no standby current, battery drain can be cut to 4% of that with 

cathode types— attainable power output and range increase. Potentials of rugged 
filaments are centered for battery operation. Beam pentode versatility simplifies 

the spares problem—one type can power all stages. Join the leaders. If you build 

mobile equipment — for land, sea, air— put Hytron original instant-heating, easy-on-

the-battery tubes on your preferred list. 

Federars 25-watt, vhf Model 

FMTR-25-VC. Note emphasis 

on 2E30 and 5516. 

Jeff eison•Trovis Model 351, 35-watt marina 

radio-telephone employs HY69's. 

  K A A R    
 ENGINEERING   
 \  C O 

••, 

Kaar FM-50X features 2E25, HY69 throughout. 

Hytron instant-heating tubes since 1939. 

Harvey Labora-

tories chose 

2E301, 5516's for 

its Model 542 f-rn 

transmitter. 

5516's power both driver-doubler and 

final of Motorola's Model FMTRU-300. 

WRITE fOR fRfE HEW 

DATA SHEETS: 

1E2S, 2E30, IfY6P, 
NY/269, W E. 

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921 

M AI N  O F FI C E:  SAL E M, M A S S A C H U SET T S 

PROCEEDINGS OF THE I.R.E.  December, 1947 7A 



MASS PRODUCTION COILS & 

Imitation is the sincerest form of flattery. 

Yet imitation is sometimes harmful, if the 
original is lodged by the imitation. 

The K-IRAN has many imitations, but the 

K-IRAN has many features not found in 

the imitations. The K-TRAN was designed 
slowly, thoughtfully and thoroughly, with 

full consideration of all the problems it 

would be called on to meet. Imitations, 
rushed hurriedly into production to attempt 
to meet K-IRAN competition, lack, and 

must continue to lack, many vital K-IRAN 

features, without which stability, electrical 

performance, permanence and "useability" 

are unsatisfactory. Further, K-TRANS have 

over a year of production and "use" ex-

perience behind them. K-IRAN production 
problems have been solved--the imitations 
have their troubles ahead. 

Conditions may have temporarily required 

you to approve the use of one or more of 
the imitations. Protect yourself by getting 

genuine K-TRANS in your sets as soon as 
possible! 

1/171/11411C' 
MANI/FACTERING 

\  C O R  P O R  A  T I O N  z  

9 0 0  PA S S A I C  A V E 

MICA TRIMMER COND O-IS-IRS 
E A S T  N E W A R K,  N.  J 



Exploration of ocean depths is made possible by RCA Image Orthicon television camera. 

The ocean is a "goldfish bowl"to RCA Television! 

Another "first" for RCA Laboratories, 
undersea television cameras equipped 
with the sensitive RCA Image Orthicon 
tube were used to study effects of the 
atom blast at Bikini . . . 

There may come a day when fisher-
men will be able to drop a television 
eye over the side to locate schools of fish 
and oyster beds . . . Explorers will scan 
marine life and look at the ocean floor 
. . . Undersea wrecks will be observed 
from the decks of ships without endan-
gering divers. 
With the new television camera, long-

hidden mysteries of the ocean depths 

may soon be as easy to observe as a gold-
fish bowl — in armchair comfort and per-
fect safety. 

Exciting as something out of Jules 
Verne, this new application of television 
is typical of research at RCA Labora-
tories. Advanced scientific thinking is 
part of any product bearing the name 
RCA, or RCA Victor. 

When in Radio City, New York, be 
sure to see the radio and electronic won-
ders at RCA Exhibition Hall, 36 West 
49th Street. Free admission. Radio Cor-
poration of America, RCA Building, 
Radio City, New York 20. 

Through RCA Victor home television 
you will see the best in entertainment 
and sports . . . educational subjects . . . 
the latest news . . . and "history as it 
happens." If you are in a television area, 
ask a dealer to demonstrate the new 
RCA Victor home television sets. 

R A DI O C O R P O RA TI O N of A ME RICA 
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yet this magnesium copper 

sulphide rectifier cell 

will carry 100 amperes! 
This small-sized disc is the vital heart of the Mallory magne-
sium copper sulphide rectifier. Fitted between radiating fins, 
as illustrated at the right, it is protected from exterior damage. 

More important, this disc will carry much greater current 
loads — operate under much higher temperatures — than 
similar junctions in other type rectifiers. Its overall area 
is smaller — a direct contribution to the compactness of 
the rectifier itself. 

The fact is that space requirements of the Mallory magnesium 
copper sulphide rectifier are usually many times less than 
those of other dry disc rectifiers. Just one of many reasons 
why Mallory rectifiers outsell all other types of dry disc 
rectifiers for low-voltage, high current applications. See 
your Mallory distributor for Rectifier Catalogs. Or write 
v diri-t for engineering assistance. 

( 

MCSR's Are the World's Toughest Rectifiers 
21. 

MALLOR 
PP. MALLORY a CO Inc, 

RECTIFIERS 
M A GNESI U M  COPPER  SULPHIDE  P ECTIFIER S— 
STATIONARY  AND  PORTABLE  D C.  PO WER  SUPPLIES — 
BATTERY  CHARGERS  AND  AVIATION  RECTOSTARTERS' 

U 5 Po. .://. 

P. R. MALLORY & CO., inc., INDIANAPOLIS 6, INDIANA 

11kes 

•••••••1 
•••• 

404 
10•11•• 

+ 

*PrrrEgrrit 

AC  DC  AC 

1+1 0 C 

Coo.e . 

Sou .., CS 005.• O n .* 

9 

*DC 

Check These Features 

Self-healing rectif,ing film 

yr Durable all-metal construction 
P" Small size, light weight 
Alv"  No moving parts to wear out 

lr  Resists harmful atmosplicri.• 
condit•  s 

•  Output unaffected by 

temperatures 

•  Maximum overload range 

17  Constant output during 
rectifier life 

i/  Low cost of operation 

•Rectostarter is the regiltered trademark 
I'. It. Mallory & Co.. Inc.. for rectifiers for 
use in starting internal combustion engines. 

PROCEEDINGS OF THE I.R.E.  December, 1917 



200 SERIES AUDIO OSCILLATORS 

Available in six standard models.-hp- 200A and-hp- 200B have 
transformer-coupled output delivering 1 watt into matched 
load. Primarily designed for audio testing. -bp- 200C and -bp-
200D have resistance-coupled output and supply constant vol-
tage over wide frequency range. The -bp- 202D is a modifica-
tion of the 200D, extending frequency downward to 2 cps. 
-bp- 2001 is a spread-scale oscillator designed for interpolation 
work and for applications where oscillation frequency must be 
known with utmost accuracy. 

I) Resistance-Tuned Oscillators 
...for Every Measuring job 

112 cps to 10 me 
From A to Z in measuring, there's an -bp- resistance-

tuned oscillator engineered to fa your exa  the  famed 

ct ne ed. ne Ni 

precision oscillators in all...and each. bears 

-hp- family chara cteristics uning. 

of no  zero set, constant  out-

put, low d on these distortion, great stability, and decade t 
Brief ata  -hp- oscillators 
For  complete details, write or  wire are  given here. today! 

HEWLETT -PACKARD COMPANY 
1503D PAGE MILL ROAD • PALO ALIO, CALIFORNIA 

tit) , 650A WIDE-BAND OSCILLATOR 
Continuous frequency coverage, 10 cps to 10 mc. 
Highly stable, versatile. Output flat within I db 
throughout frequency range. Available voltages 
range from .00003 to 3 v. Other advantages in-
clude 94" scale length, 6 to 1 micro-controlled 
tuning drive, 50 db output attenuator variable in 
10 db steps, output voltage divider providing 6 
ohm internal impedance (reducing output vol-
tage 100 to 1). 

202B LO W FREQUENCY OSCILLATOR 

Specially designed for work between I/2 cps and 1000 cps. Pro-
'ides excellent wave form, good stability, split-hair measuring 
accuracy in the very low frequencies. Ideal for vibration or 
stability checks on mechanical systems, for testing geophysical, 
electro-cardiograph or electro-encephalograph equipment, 
checking response of seismographs, or electrical simulation of 
mechanical phenomena. 

201B AUDIO OSCILLATOR 

Meets every requirement for speed, accuracy, wave 
form purity and ease of operation in FM and other 
fields where high fidelity is most important. Provides 
3 watts output into a 600 ohm resistive load. Distor-
tion held to 1% or less, at 3 watts, I/2% at 1 watt 
output. Excels in testing high fidelity amplifiers, 
speakers, and in comparing frequencies. 

0 s Rtioprq N 0 

utile is 
Ac ct.; it  c 
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FRECRXNCY MULTIPLIER 

CRYSTAL OSCILLATOR 
SINGLE PHASE SHIFTER 

INVERSE FREQUENCY 
NETWORK woloomPurIER 

AUDIO 

PHASE 

SHIFT 

MODULATION 

AUDIO 

INPUT 

RAYTHEON FM 
IS BETTER... 

/2 oys 

excei4?stce it, eleetioniCii 

BECAUSE IT: 

1. Features direct crystal control 

2. Gives the most desirable electrical characteristics 

3. Contains fewest circuits, fewest tubes 
4. Has the simplest circuits 

5. Is easiest to tune and maintain 

6. Has inherently the lowest distortion level 

AND ELI MINATES ALL: 

7. High orders of multiplication 
8. Complex circuits 

9. Expensive special purpose tubes 

10. Discriminator frequency control circuits 

11. Pulse counting circuits for frequency control 

12. Motor frequency stabilizing devices 

See your consulting engineer and write for fully illustrated 
booklet giving complete technical data and information. 
Write today to: 

RAYTHE O N  M ANUFACTURI N G  CO MPA N Y 
COMMERCIAL PRODUCTS DIVISION, WALTHAM 54, MASSACHUSETTS 

Industrial and Commercial Electronic Equipment, Broadcast Equipment, Tubes and Accessories 

Sales offices: Boston, Chattanooga, Chicago, Dallas, Los Angeles, New York, Seattle 



AFTER YEARS IN COLUMBIA RECORDS' FILES 
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"Master safety disc No. 158 — an AUDIODISC — recorded 

December 12, 1939, was taken from our files and played back 

on September 12, 1947. This test showed that after almost 

eight years the recorded quality was still excellent and there 

was no measurable increase in surface noise. Surface noise 

of a new cut, made on this disc at the same date in 1947, was 

no different from the original cut." 

This is the brief, factual report by Columbia recording engi-

neers on a test made to measure the lasting qualities of AUDIO-
DISCS. In the photograph the two large bands show the orchestral 
recording made in 1939. Close to these are the unmodulated 

grooves cut this year. 

One more convincing proof of a most important claim — 
"AUDIODISCS do not deteriorate with age either before or 

after recording, and there is no increase in surface noise from 
the time of recording to playback or processing—whether it 

be a few days or many years." 

AUDIO DEVICES, INC., 444 Madlson Avenue, New York 22, N.Y. 
Export Department: Rocke International Corp., 13 E. 40th Street, New York 16, N. Y. • REG  r, PAT OFF 

Audiodiscs are manufactured in the U.S.A. under exclusive license from PYRAL, S.A.R.L., Paris 
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Announcing the Ampe 

. .1 

f 2 

3 

4 

A typical new application of Centralab's 
revolutionary "printed electronic circuit"! 

Important News! 

"Ampec" — a typical ap-
plication of Centralab's 

printed electronic circuit 
— is a compact, highly 
efficient, dependable 3-
stage audio amplifier. Can 
be designed for hearing 
aids, mike preamps or 
any electronic voltag) or 
frequency applications 
where small compact size; 
high efficiency and relia-
bility are required. 

FRONT  BACK 

0 

OA N • FREQUENCY P RRRRR MANCE 

  Av... 1.2  Input 1 FA, 

El,— 22  50,000 Oh. Leal 

I 1000 CPS  Oaks• 4000 
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GAIN-FREQUENCY CHART above shows flat response of typical "Ampec" 
within 1 decibel between 200 and 5000 cycles. Why not investigate the ap-
plication of this technique to your problems? 

SCHEMATIC DIAGRAM of typical "Ampec" illustrated shows what compo-
nent, can be used. "Ampecs" can be designed to meet a wide range of gain 
or frequency response requirements. 

ACTUAL SIZE  ILLUSTRATED 

Miniature, one-piece amplifier unit can offer com-
plete electrical circuit from input to output! There's 
nevcr been an electronic device like Centralab's new "Am-
pec' ! Lightweight, durable, with reliability and efficiency 
heretofore unobtainable in small units, "Ampec" illustrates 
how you can get all components of an audio-amplifier — 
tube sockets, capacitors, resistors, wiring — "printed" on 
one, compact ceramic chassis according to your special re-quirements. 

Look at these advantages: no jumble of wires to shift or 
come loose. Since "Ampecs" can be made from one "mas-
ter plate", characteristics of all units are uniform . . . a 
complete unit can be replaced by an exact duplicate. Only 
2.250" long, 1.156" wide, .187" thick over tube clips. 
Weight with tubes, 0.63 oz. 

Write for Bulletin R973. 



M OLDED MIC A El 

Because the makers of EL-MENCO Capacitors have always in-

sisted on quality at any cost, the name EL-MENCO is now recog-

nized as the identification mark of leadership. 

EL-MENCO Capacitors— Molded Mica —Mica Trimmer. We 

are bending every effort to satisfy all manufacturers who want these 

quality products. Send us your specifications and we will do our 

1evP1 hest to supply you. 

THE ELECTRO MOTIVE MFG. CO.,Inc.Inc Willimantic Conn. 
JOBBERS & DISTRIBUTORS 

Arco Electronics 
135 Liberty St., New York, N. 
is Sole Agent for El-Menco 
Products in United States -jir n on  ,e 

CAPACIT ORS 

Y. 

M' 'CA CA PA Cl TORS 
hy 

Our new catalogue 
for  manufacturers 
and  engineers  is 
now available . . . 
send for your copy. 

Foreign Radio and Elec. 
townie Manufacturers commw 
nicate direct with our Export 
Department at  Willimantic, 
'ann. for information. 

MIC A  TRI M MER 
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laboratory set-up for measuring tone of chime tubes. Lissajous figure on screen of cathode ray oscillo-
scope is being used to determine the frequency (cycles per second) of the chime's fundamental note. 

BECAUSE of the importance  of the 
market for brass tube used in door 

chimes,Revere some time ago embarked 
upon a complete scientific study of the 
musical qualities of such tube, to deter-
mine the factors responsible for pleas-
ing tone. Here is a brief report of the 
work, which offers an example of the 
thoroughness with which Revere at-
tacks problems concerning the appli-
cation of its mill products. 
The first step was purely experi-

mental. We proceeded by ear. Over 100 
samples of tubes in various alloys, 
tempers and gauges were hung up, 
struck, listened to, and preferences 
obtained from many people. These 
tests indicated not only what was the 
best alloy, but also what were the 
proper temper and wall thickness 

requirements to produce the most 
acceptable and desirable tone. But 
Revere did not stop there. It was desir-
able to know what made that tone 
preferable, what were the factors that 
influenced it, and how they could be 
controlled. It was felt that only with 
such complete information in hand 
could Revere be in position to control 
chime tube quality accurately, and fill 
customers' orders reliably with a stand-
ard product.  • 
The project then was turned over to 

a laboratory physicist who is also a 
talented musician. Here began the most 
ambitious and lengthy and scientific 
part of the work, employing the most 
modern electronic apparatus, including 
a beat-frequency oscillator and a 
cathode ray oscilloscope. These made 

it possible to dissect the tone produced, 
measuring the frequency and intensity 
of the fundamental note and its partials 
with an accuracy of one cycle per 
second. Much new information was 
uncovered. For example, the strike tone 
so clearly heard when the chime is 
struck does not actually exist in the 
tube, but is a difference tone between 
the 1st and 3rd partials. Hence, for 
good tone, those partials must be 
equal in intensity and duration. 
It requires seven closely-typed pages 

just to sum up the work in general 
terms; the laboratory records fill a 
large volume. The net of it is that 
Revere really knows about all there is 

to know about chime tube, scientifi-
cally, musically, physically, and, of 
course, how to produce it. If you need 
such tube, come to Revere. 
Perhaps you use brass tube not for 

its sound, but for its corrosion resist-

ance, strength, machinability, the polish 
it takes, the ease with which it can be 
bent, soldered, brazed, plated. Revere 
also knows how to control the factors 
influencing such applications, so come 
to Revere for brass tube for any pur-
pose. 

Revere also makes other types of 
tube, including copper water tube, 
condenser tube in such alloys as 
Admiralty, Muntz, cupro-nickel, tube 
in aluminum and magnesium alloys, 
lockseam tube in copper alloys and 
steel, and electric welded steel tube. 
Many of these can be had not only 
round, but also square, rectangular, 
oval, and in various flutings and special 
shapes. The Revere tube line therefore 
is complete, and awaits your orders. 
The Technical Advisory Service will 

gladly collaborate with you in such 
matters as selection of alloys, tempers 
and gauges, and in fabrication pro-
cesses. 

REPERE 
COPPER AND BRASS INCORPORATED 

Founded by Paul Revere in 1801 

230 Park Avenue, New York 17, New York 

Baltimore, Md.; Chicago, III.; Detroit, Mick; 
New Bedford, Mau.; Rome, N. Y. — Saki Office.; in 

Principal Cities, attributors Everywhere. 
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labILIA 
The phone and the plane put us next door to your plant. When 
you need custom made technical ceramics in a hurry, reach for 
your phone and see how quickly we can serve you. 
We can now handle a limited number of rush orders for die 

pressed, extruded and machined AlSiMag. 
For 46 years we have had an enviable trade reputation for 

delivering "What you wanr, when you want it." The war im-
proved our ability to give you what you want. But it damaged 

our reputation for "When you want it." 
We are fighting hard to regain that reputation. Expansion has 

been continuous. We now have, we believe, the world's largest, 

best equipped and best manned plant devoted exclusively to the 
manufacture of custom made steatite ceramics. Phone, wire or 
write and see how well and how quickly we can serve you. 

4 6 1 H  Y E  A R  or  ci aissir c  D E R S N I P 

AMERICAN LAVA CORPORATION 
CH ATTA N O O G A  5,  1 EN NESSEE 

SALES OFFICES 51 LOUIS, MO. 1123 Washington Ave., Tel Garfield 4959 • CAMBRiOGF , MASS , 3813 Drente St , Tel Kirlrlend 4498 • PHU ACH PIRA. Pt NNA 1649 N Broad St . lel Stevenson 4.2823 

NEWARK, N.J., 611 Broad St , Tel MncOell 2.8159 • CHICAGO, 95. Clinton St , Tel Central 1/21 • AN FRANCISCO, 163 2n4. St., Jet. Douglas 2464 • LOS M ALLS, 324 N. San Plinio 51..10. Mutual 9070 



Authorized WAA Electronics Distributors 

EASTERN 

Automatic Radio Mfg. Co., Inc. 
122 Brookline Ave. 
Bosto 1, Mass. 

Carr Industries, Inc. 
1269 Atlantic Ave. 
Brooklyn, New York, N. Y. 

Tobe Deutschmann Corp. 
863 Washington Street 
Canton, Mass. 

Electronic Corp. of America 
353 West 481h Street 

New York, N. Y. 

Emerson Radio & 
Phonograph Corp. 

76 Ninth Ave. 
New York, N. Y. 

General Electric Co. 
Bldg. 267; 1 River Road 
Schenectady, N. Y. 

General Electronics, Inc. 
101 Haze I Street 
Paterson, N. J. 

Hammarlund Mfg. Co., Inc. 
460 West 34th Street 
New York, N. Y. 

Hytron Radio & Electronics Corp. 
76 LaFayette Street 
Salem, Mass. 

Johanns & Keegan Co., Inc. 
62 Pearl St. 
New York, N. Y. 

Newark Electric Co., Inc. 
242 West 55th St. 
New York, N. Y. 

Radio Parts Distributing Co. 
128 West Olney Rood 
Norfolk, Va. 

Smith-Meeker Engineering Co. 
125 Barclay Street 
New York, N. Y. 

Standard Arcturus Corp. 
99 Sussex Ave. 
Newark, New Jersey 

Sylvania Electric Products Inc. 
Emporium, Pa. 

Technical Apparatus Co. 
165 Washington St. 
Boston, Mass. 

Tung-Sol Lamp Works, Inc. 
95 Eighth Ave. 
Newark, New Jersey 

W. 8, H. Aviation Corp. 
Municipal Airport 
Rochester, New York 

MID WESTERN 

American Condenser Co. 
4410 N. Ravenswood Ave. 
Chicago, Ill. 

Belmont Radio Corp. 
3633 S. Racine Ave. 
Chicago, Ill. 

Electro-Voice, Inc. 
Carroll 8 Cecil Streets 
Buchanan, Michigan 

E. F. Johnson Co. 
206 Second Ave., S. W. 
Waseca, Minnesota 

SOUTHERN 

Navigation Instrument Co., Inc. 

P. 0. Box 7001, Heights Station 
Houston, Texas 

ISA 

Southern Electronic Co. 
611 Baronne St 
New Orleans, La. 

PACIFIC 

Cole Instrument Co. 
1320 S. Grand Avenue 
Los Angeles, Calif. 

Hoffman Radio Corp. 

3761 S. Hill Street 
Los Angeles, Calif. 

large stocks . • • 

wide selection... 

•-• 

quick delivery, tool 

MANUFACTURERS 

WHOLESALERS  JOEMERS 

See these WAA Authorized Distributors for 
your share! Their inventories include many types 

of unused electronic devices, tubes and equip-
ment. 

Purchasing of surplus electronic tubes, de-
vices and equipment has been simplified to a 

high degree. These WAA Approved Distribu-

tors were selected on a basis of their ability to 
serve you intelligently and efficiently. 

Write, phone or visit your nearest Approved 
Distributor for information concerning inven-

tories, prices and delivery arrangements. Fill 

your needs—NOW—while inventories still per-
mit large purchases and wide selection. You'll 
find you can "Save with Surplus." 

OFFICE OF AIRCRAFT AND ELECTRONICS DISPOSAL  

0 

• W 
• 

Offices located at: Atlanta • Birmingham • Boston • Charlotte 411111".  
Chicago • Cincinnati • Cleveland • Denver • Detroit • Grand Prairie, 
Tee. • Helena • Houston • Jacksonville • K   City, Mo. • Little Rock 
Los Angeles • Louisville. Minneapolis • Nashville • New Orleans • New 
York • Omaha • Philadelphia • Portland, Ore. • Richmond • St. Louis 
Salt Lake City • Son Antonio • San Francisco • Seattle • Spokane • Tulsa 

Custow.er Service Centers in these and many other cities. 
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NE W RING-SEAL PO WER TUBES 

FOR FM AND TELEVISION 

—110 to 220 mc frequency at max ratings 

—1.5 to 6.4 kw typical Class C output 

GENERAL ELECTRIC'S 
great 1947 series of 

ring-seal power tubes spells 
more efficient performance to 
those who build—or use—FM 
and television transmitters. 
Modern as tomorrow's tele-
cast, these v-h-f tubes need 
minimum neutralization . . . 
are directly designed for 
grounded-grid circuits . . . 
meet in every way the new re-
quirements of new station 
equipment going into service. 
Ring-seal design — a G-E 

development—makes it pos-
sible to plug in a tube quickly, 
so that time off the air is cut 
to seconds. Firm terminal 

contacts with wide surface 
areas are another ring-seal 
advantage—moreover, all 
contacts are silver-plated to 
reduce r-f losses. An impor-
tant aid to dependability and 
long life is the use, through-
out the tube, of strong, en-
during fernico metal-to-glass 
seals. 
Your nearest G-E electron-

ics office will be glad to give 
you prices and full informa-
tion, as well as arrange for 
you to secure circuit applica-
tion advice when desired. Or 
write direct to ElectronicsDe-
partment, General Electric 
Company, Schenectady 5, N. Y. 

G. E.'s MANUAL OF TRANSMITTING TUBES IS YOUR 

MOST COMPLETE, UP-TO-THE-MINUTE GUIDE! 

Profusely illustrated—packed with performance and applica-
tion data. Comes to you for $2. Also, for an annual service 
charge of $1 new and revised pages will be sent you regularly 
as issued. Order direct from General Electric Company, en-
closing payment, or giving authority on your company letter-
head to invoice you. 

OVER 600 LARGE PAGES $2.00 

GENERAL 0 ELECTRIC 

FIRST  A N D  GRE ATEST  N A ME  IN  ELE CTR O NI CS 

GL-7D21 

Tetrode, forced-oir 
cooled. 110 mc fre-
quency at max rat-
ings. Typical power 
output (Class C te-
legraphy) 1,575 w. 

GL-5513 

Triode, forced-air 
cooled. 220 mc 
frequency at max 
ratings. Typical 
power output 

(Class C teleg-
raphy, ground-
ed-grid  ser-
vice) 2.45 kw. 

GL-5518 

Triode, forced-air 

cooled, 110 mc fre-
quency at max rat-
ings. Typical power 
output (Class C te-
legraphy,  ground-
ed- grid service)6.4 
kw. 

GL-9C24 

Triode, water and 
forced-air cooled. 
220 mc frequency 
at max ratings. 
Typical power 
output (Class C 
telegraphy, 
grounded•grid 
service) 6.4 
kw. 

• 
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Presto Presents 
Something New 
in Recording 
Amplifiers 
The new Presto 92-A is a 50-
watt amplifier designed specif-
ically for recording work. It 
answers the need for an am-
plifier of exceptional quaLty 
and performance, and includes 
a number of outstanding fea-
tures thoroughly proved in op-
eration: 

RECORDING CORPORATION 
MC WEST 55TH STREET, NEW YORK 19, N. Y 

Walter P Downs, Ltd , in Canada 

ke•-1,7". 

1St 

1 Selector switch and meter 
provide both output level in-
dicator (not for "riding gain") 
and plate current readings for 
all tubes. 

• 2 Chassis is vertically mount-
ed. Removal of the front panel 
gives access to all circuits with-
out removing amplifier from 
rack. 

• 3 The output stage has four 
807's in push-pull parallel with 
an unusual amount of feed-
back.This produces ample peak 
power with low distortion and 
an extremely low internal out-
put impedance for best per-
formance from magnetic cut-
ting heads. 

Push buttons select any of these 
recording characteristics: flat, 
20-17,000 cps, 78 rpm, standard 
NAB lateral, NAB vertical— 
all within an accuracy of + 1 
db. Distortion is only 11Vo at 
full output. 

FREE! Presto will send you free of charge a complete 
bibliography of all technical and engineering articles 
on disc recording published since 1921. Send us a 
post card today. 

WORLD'S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIP MENT & DISCS 
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FOR FLASH TUBES 
More light per pound 

for both studio and portable 

New 14-muf flash-tube capacitor, weighs 
2  lbs. and delivers 43.8 watt-seconds 
for  studio use (2500  volts, 1000-hr 
service life) or, as a portable, 58 watt-
seconds  (2880  volts,  400-hr  service 
life). 
This is a new high in capacity per pound 
for portable use. Same unit, in pairs, is 

interchangeable with popular 28-muf 
studio rating, saves 5 per cent in weight, 

8 per cent in cost. 

FOR 
Mewl 
Lumlnous-tube 
transformers 

Fluorescent tamp 
ballasts 

Here are examples of recent 

G.E. special designs 

A maker of photographic flash tube equipment wanted a 
lighter portable capacitor; —he got one that could also be 
used in studio equipment. A maker of precipitation equip-
ment had a mounting problem; —he solved it with a 
capacitor costing one-third what he had been paying. 
Another manufacturer was using 600-volt capacitors in a 
400-volt application; —he saved mounting space with a 
new 400-volt capacitor and saved money, too. 
Let us try our hand at your special requirements. You may 
get even more than you ask for. 
New developments like silicones, a new paper —to mention 
two —are continually giving us new materials, new ideas, 
that we can put to work for you. Apparatus Department, 
General Electric Company, Schenectady 5, N. I'. 

$1.28 (NET) 
buys this ceramic-tube, low-muf, 

high-voltage capacitor 

New .0075 muf, 10,000-v d-c capacitor 
for television, precipitation, and similar 
equipment requiring filtering in high-
voltage power supply. Other capaci-
tances (.0005 to .01) and voltages (3000 
to 30,000) can be made. 
Ceramic container acts as insulator, 
simplifies mounting; cuts size (volume) 
to 1/5th without lowering quality in 
any way. Ingenious internal hermetic 
silicone seal eliminates solder. Pyranol* 
filled. Net price, $1.28 in quantities of 
1000. 

GENERAL 

Industrial control 

Radio filters 

Radar 

Electronic equipment 

Communication 
systems 

Capacitor discharge 
welding 

Flash photography 

Stroboscopic 
equipm•nt 

Television 

Dust precipitators 

Radio Interference 
suppression 

Impulse generators 

AND MANY OTHER APPLICATIONS 

New 400-v d-c line 

PRICES LO WER, 
sizes smaller 

New 400-v d-c capacitors now available 
in 2, 4, 6, 8 and 10 muf. Pyranol" filled. 
Solder-lug bushings of the  recently 
announced  silicone  type,  Or  screw-
thread bushings. 
Newly developed paper has permitted 
a 24 to 51 per cent cut in size (volume), 
yet with three sheets of solid dielectric — 
and, as a result, allows an appreciable 
cut in price over older designs. The 
same high quality level of the 600-v 
units is maintained in every way. 

*Rog. U.S. Pat. Off. 

ELECTRIC 
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W HAT IT IS... 

• Two separate, completely independent. 
electron guns. 

• Individual circuits for Intensity, loci m 
and X•, Y. and Z-axis modulations. 

• Independent, identical linear time bases 
for each beam. Choice of driven or contin 
uous sweeps, or combinations thereof. 

• Provision for applying common linear time 
base signal to the horizontal plates of both 
guns. 

• Automatic beam control. 

• Balanced-output deflection amplifiers for 
each deflection system. 

• Built-in voltage calibrator applicable to 
either Y•axis amplifier at any time. 

• Position and •sensitivity equalizing cir-
cuits for X-axis. 

• Provision for use of an oscillograph-rec-
ord camera such as Du Mont Types 271-A or 
314. 

• Operation at total acceleration potential 
of 4500 volts. 

• Brilliant traces. 

W HAT IT DOES... 

Only the dual-beam oscillograph 
can simultaneously... 

✓ Compare the complete signal and an ex-
panded portion thereof. 

✓ Enable observation of transient voltage 
and current see accompanying oscillogram). 

✓ Measure explosion time and rate of 
change of pressure. 

✓ Show velocity and acceleration. 

✓ Show velocity and pressure changes on 
engine valves. 

✓ Compare speed and vibration. 

• Compare voltages and currents in multi-
phase circuits. 

✓ Compare adjustment of push•pull and 
other symmetrical circuits. 

• Compare electrocardiograms picked up 
from two different points. 

✓ Compare input and output signals of 
amplifiers. 

✓ Offer two channel recordings, with Type 
314 Oscillograph-record Camera. 

✓ Compare related periodic phenomena on 
different sweep frequencies. 

SPECIFICATI ONS... 

Type 5SP• Cathode-ray Tube. 

Sweep-frequency range: 2 to 30,000 saw-
booth cps. 

Sweep recurrence: single or continuous. 

Y-axis amplifier response: flat to dc., down 
3db at 200 kc. 

X-axis amplifier response: flat to dc., down 
3db at 150 kc. 

Deflection: for all amplifiers 1 v. dc/in. 
approx. 

Power: 115230 v., 50-60 cps., 300 watts, 
3 amp. fuse. 

Size: 17 1/2" x 225/a" x 22 1/2 "; wt. 125 lbs. 

Housing: Cabinet or relay rack. 

S. DuNIONT 

Two Completely Independent Oscillogrophs 

are combined in the Hew DU MONT Type 279 

N W-814M 
CATHODE-RAY OSCILLOGRAPH 

r6f\rcr av\i,, _ 

Ww\N ~Alvi\C\ 
a t 

1111111111111111111111111111111111 111111 11 1111111111 111111 

0 The introduction of the Type 279 
Dual-beam Cathode-ray Oscillo-
graph makes available for the first 
time a really dual instrument with 
separate and wholly independent 
electron guns. The circuits associ-

ated with each gun are also distinct 
and separate. For the first time, sep-

arate time bases are provided for 
each beam with provision for apply-
ing one time base to both guns, if so 
desired. For the first time, an oscil-
lograph is offered which alone can 

Starting voltage 
and current character-

istics of a fluorescent-lamp fixture. 

perform the applications listed. 

Now it is possible to superimpose 
two complete traces without a cum-

bersome and costly optical system 
or by the use of time-sharing de-

vices. And with the P2 screen, the 
light output is more than sufficient 
for visual observation or for photo-

graphic recording of high-speed 
transients. 

Other advanced features are the 
built-in calibrator and the ability to 
respond to direct-current signals. 

10 Descriptive literature on request. 

ALLE N B  DU H ONT LAO ONAT OR,E5.  INC 

JERSEY • CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. S. A. 

 -N11161111dir, 
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Sherron 
Electronics 

America's Real 

MAN OF MIGHT 
... the Electronics Scientist 

The anarchistic challenge of an uneasy 

world calls for might more potent than 

guns, more eloquent than demagoguery, 

more final than diplomacy. That might is 

the might of the electronics scientist. For 

his is the might to conceive and fashion 

devices that will insure America's security. 

SHERRON LABORATORY PROJECTS COVER 

• ULTRA  AND  HYPER  HIGH  FREQUENCY 

TECHNIQUES 

• ELECTRON BALLISTICS 

• THERMIONIC EMISSION 

• HIGH VACUUM ELECTRONIC TUBES TECH-

NIOUES 

• RADAR: (DETECTION — NAVIGATION) 

• ELECTRONIC  CONTROL  FOR  DRONE  & 

GUIDED MISSILES 

HERRON ELECTRONICS CO. 

PROCEEDINGS OF THE I.R.E. 

Division of Sherron Metallic Corporation 

1201 FLUSHING AVENUE  • BROOKLYN 6, NE W YORK 

December, 1947 



EtElli DESIGN MEER 
SHOULD HAVE A COPY 

SEND FOR 

YOURS TODAY! 

THE W ORD 

If you are concerned with material specifications, you'll find ideas 

on solving wear problems in this 28-page booklet—because LINDE 
Synthetic Sapphire is a material for key parts on which successful 
operation of a whole machine or instrument can depend. 

This booklet describes the sucessful uses of this material, the colors, 

tor-ins, and grades available; and gives a complete properties chart. It's 
full of pertinent illustrations—a picture-caption story of fabricating 

techniques, including LINDEN time-saving developments. 

You'll want this new booklet — send for it on your business letter-
head. Ask for Booklet 4-1. You will incur no obligation. 

7 1 ; fr t e e elS A TRADE-MARK OF THE LINDE AIR PRODUCTS COMPANY 

THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation 

30 E. 42nd St., New York 17, N. Y. MEI Offices in Other Principal Cities 
In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 
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UT 

OW 

INSULATED 
COMPOSITION 
INSULATED WIRE 
WOUND RESISTORS 

'RC types 
BT A BW 

WIRE WOUND 
RESISTORS 
IRC type MW 

VOLTMETER 
MULTIPLIERS 
IRC types 
MFA & mFB 

ININION MIIIIMIIMINE111111141111111111iiiiiiiifkillailiiiii 
U  • 
II  • 
•  • 
•  • 
•  • . Put This Formula l• 
•  r 
•  L 

• 
•  • To Work For You • • • . • . • .  • .•••••••••••••••••................. 

• 
• 

The formula  is a favorite and easily-reme  red solu-
tion to resistance problems. Radio and electroir Engineers 
know that IRC offers the most complete hie of resistance 
products in the industry . .. a fixed or vagiable resistor for 
most every requirement ... with uniform qirendability proved 
by years of rigorous laboratory and tild tests. Purchasing 
Agents and material control executiv elike IRC's service . . . 
"on-time" deliveries . . . factory stek-piles of the most pop-
ular types and ranges from whiclitey can draw in emergency 
. . . IRC's distributor networkalroviding speedy, 'round-the-
corner service for small ordeirequirements. 

Put this formula to work 
bulletins in which you 
mail it to us today w 
title. International 
Philadelphia 8, P 
ance Company, 

MATCHED PAIR 
RESISTORS 

POWER RHEOSTATS 
!RC types 
PR & PRT 

POWER 
RESISTORS 

WATER-COOLED 
RESISTORS 
!RC type LP 

INTERNATIONAL! 

Whe 

I 

r you ... check below the catalog 
e interested—tear out this page, and 
your letterhead, giving your name and 
istance Company, 401 N. Broad Street, 
nsylvania. In Canada: International Resist-
td., Toronto, Licensee. 

FLAT POWER 
RESISTORS 
IRC type FRw 

0  1.111111111111 .11411lIK 

, 

•SIZ, 

PRECISION 
RESISTORS 

VOLUME 
CONTROLS 
IRC type DS 

HIGH VOLTAGE 
RESISTORS 
IRC type MV 

w  W11;0 IITI ttilLETIS 1 

FINGER-TIP 
CONTROLS AND 
SWITCHES 
IRC types 
H & SH 

WIRE WOUND 
POTENT i0METERS 
IRC type W 

tANCE COMPANY 
y --AAM 

HIGH POWER 
RESISTORS 
IRC type MP 

Power Resistors•Ptecitions•Intulat•d Composition Retistors•Low Wattage Wire Wovnds•Rheottots•Controll•Voltrnitter Multipliers•Voltoge Diviciers•IIP and High Voltage Resistor' 
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u can 

Reduce Costs olfr 
You can Improve  

Performance with 

PERMANENT 

MAGNETS 

W&D 1295 

essuW■111111111111111 _ 
•_sini mmis misill1101111 . 
•••mlimi m mo im• 

INE•II MMENINIALGIP 

milmanisset.--fa mmi 
W,MOININUnia m 
r 

1Lflhi g. \ 

Where's the manufacturer these days who doesn't 
need all the competitive and cost advantages he can 
get? Maybe you have new electrical or mechanical 
equipment in mind—designs or re-designs that 
should employ permanent magnets for best results. 
Maybe you have existing applications that perma-
nent magnets will do better—save you time and 
money in production, and step up the efficiency of 
your product. 

In either case, let Arnold's engineering service 
help you to find the answers to your magnet prob-
lems. Arnold offers you a fully complete line of per-
manent magnet materials, produced under 100ec' 
quality-control in any size or shape you require, 
and supplied in any stage from rough shapes to 
finish-ground and tested units, ready for final 
assembly. Write direct, or to any Allegheny Ludlum 
branch office. 

THE ARNOLD ENGINEERING CO. 
Subsidiary of ALLEGHENY LUDLUM STEEL CORPORATION 

147 East Ontario Street, Chicago 11, Illinois 

Specialists and Leaders in the Design, Engineering and Manufacture of PERMANENT MAGNETS 
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Dimensions 
Va. in. x 3 in. x 3% in. 

7 ti pit at 

Cott faci CouttectionA 
Relay with  ti 

4 NORMALLY-OPEN •-

0 NORMALLY-CLOSED . 

CONTACTS  • 

Relay with  • 

3 NORMALLY-OPEN * 

1 NORMALLY-CLOSED . 

CONTACTS  • 

Relay with 

2 NORMALLY-OPEN 

2 NORMALLY-CLOSED . 

CONTACTS  • 

• 

• 

• 

Relay with  • 

1 NORMALLY-OPEN 

3 NORMALLY-CLOSED 

CONTACTS  • 

Relay with 

0 NORMALLY-OPEN 

4 NORMALLY-CLOSED 

CONTACTS 

• 
• 

• 

ALLE 
RESISTORS 

C..... Woo. 

NOR MALLY-OPISI C•wiesss es, 

SION MALLY-CLOSE D Cco• ..... 

by Simply Sbolting C   

RELAYS 
for Electronic Circuits 

BULLETIN 700 UNIVERSAL RELAYS are a new and important 
addition to the standard line of Allen-Bradley solenoid relays with 

a 10-ampere rating. These universal relays have two banks of con-
tacts which permit quick and easy changes from 

NORMALLY OPEN TO NORMALLY CLOSED contacts 
...or vice versa ...merely by shifting terminal con-
nections. (See diagrams at left.) They are ideal for 
electronic applications in which circuit connections 
must be interchangeable to meet varied operating 

conditions. Available in 2, 4, 6, and 8 poles, with 
double break, silver alloy contacts which need no 

maintenance. There are no pins, pivots, bearings, Or hinges to bind 

or stick. Hence, these relays are good for millions of trouble-free 
operations in electronic service. Send for bulletin, today. 

OTHER ALLEN-BRADLEY RELAYS & CONTACTORS 

BULLETIN 848 

TIMING RELAYS 

are ideal for any 

service requiring 

on adjustable 

delayed action 

relay. Have normally open or 

normally closed contacts. 

Magnetic solenoid core is 

restrained from rising by the 

piston in oil dash-pot. Adjust-

able valve in piston regulates 

time required to pull piston 

through oil-seal and trip the 

contacts, which open or close 

with quick, snap action. Ideal 

for transmitter plate voltage 

control. 

Allen-Bradley Co. 
I ;4 W. Greenfield Ave. 
Milwaukee 4, Wis. 

BULLETIN 702 

SOLENOID 

CONTAC-

TORS for 

heavy duty 

ratings up to 

300 amperes. 

Arranged for 

2- or 3-wire 

remote con-

trol with push buttons or auto-

matic pilot devices. 

Enclosing cabinets for all 

service conditions. Double 

break, silver alloy contacts 

require no maintenance. 

Solenoid mechanism is simple 

and trouble-free. 

-BR A DLEY 
RELAYS 

Allen-Bradley Universal 

Relay in standard pressed 

steel enclosure. 
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• The IFL 

discriminator 

transformer is 

suitable for use 

in conventional 

FM receiver 

discriminator 

circuits and is linear 

over a band of -1- 100 KC. 

• The IFL, IFM, IFN 

and IFO transform-

ers all operate at 

10.7 mc and are 

designed for use in 

FM superheterodyne 

receivers. The trans-

former cans are 

square and 

stand 31/5" above 

the chassis. 

• The IFM is 

an IF transformer 

with a 150 KC 

bandwidth at 1.5 

db attenuation. 

Approximate 

stage gain of 

30 is obtained 

when used 

with 65G7 tube. 

(ST 

1 F/4  TRANSFORMER 1 / M TRANSFORMER 

TYPICAL 
SELECTIVITY 
CURVES 

3 STAGES 

(4 TRANSFORMERS 

100  W W1 CITI4 AT 6 09 - 105 KC   

'I LI I I I I I I I I 
104  105  106  107  1015  109  110  104  105  106  107 

FREQUENCY  -  M EG A CYC LES 

-wr 

1. 

106 

LIMITER 
ACT ION 

I  
109  110 

.1W1H111.1 that counts 

National parts are engineered and designed by men who 

believe in quality. That's why these permeability-tuned IF trans-

formers can be depended upon to deliver fine performance. 

Intended specifically for FM usage they have the proper 

selectivity for FM application. In addition, these transformers are 

of the currently popular low-impedance type and thus make it 

much easier to stabilize your IF amplifier. 

If you're planning to build or order FM equipment in the 

near future, send for your copy of the 1947 National catalog 

today — containing a complete list of transformers and some 600 

other precision-made radio parts. 

Company, Inc. 
Dept no. 12 

maiden, mass. 

• The IFN is an IF transformer with a 100 KC 

bandwidth at 1.5 db attenuation. AParacimate 

stage gain of 30 is 'obtained when used 
with 65G7 tube. 

• The IFO is an FM discriminator 

transformer of the ratio type and 

is linear over a bond of 4- 100 KC. 

M A K E R S  O F  LI F E TI M E  R A DI O  E Q UI P M E N T 
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C T-Th 

the LITTLE diffeilences 

make A ,.. oggi gic  

a WHALE of a difference 

Zab 

Jonah pulled a good trick when he got a round trip ticket into the whale ... and we 

think we pulled a good one when we found a way of putting a heater inside our 

vacuum condensers to increase efficiency of our out-gassing. 

Amperex vacuum condensers are tops because they are not only made of 

the simplest and best material for the purpose, pure, oxygen-free copper, 

but because we've succeeded in pulling a whale of a lot of gas out of 

the condenser by our trick. It takes heat to do it, and a condenser 

having no filament makes it quite a problem. But ... by our 

design, another of those Amperex engineering differences, we 

can put heat right inside the vacuum condenser, right up 

against the elements where it does the most good. Of 

course we use standard out-gassing techniques, too, but we 

found that it's this Amperex difference that makes a 

whale of a difference to you, the direct heating of the 

elements that makes me e the last smidgeon of gas is pumped out. 

Curious? The inapt plate is tubular and open to the atmosphere. 

We drop a heater coil in there during pumping, cover the 

opei, end with a cap before finishing. (See sketch above) 

We realize that such a design factor really can't be called 

a "little" difference, but there are hundreds of big and 

little differences in design and workmanship that 

really make a big difference in the many types of 

transmitting, rectifying and special purpose tubes 

that comprise the extensive Amperex line. 

re-tube with Amperex 

AMPEREX 

ELECTRONIC  a 
CORPORATION 

25 WASHINGTON STREET, BROOKLYN 1, N. Y. 

In Canada and Newfoundland Rogers Majestic Limited 

11.19 Brentcliffe Rood !Amide, Toronto, Ontario, Canada 
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This 2.0 mfd. Sprague Vitamin 0 Ca+ 

pacitor, conservatively rated at 

/6,000v. D.C., has standard base di-

mensions of 41/4" x 13 1/2'. and is only 

12 7/4" high, exclusive of insulators. 

NORTH ADA MS, MASSACHUSETTS 
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RANGES 
Si D.C. lolts to 2,500 at 20,000 

Ohms per Volt. 
Six D.C. Volts to 5,000 at 10,000 

Ohms per Volt. 
Six A.C. Volts to 5,000 at 10,000 

Ohms per Volt. 
Six Current Ranges: 0.50 Micro-

amperes to 0.10 Amperes. 

Three Resistance 0-2000-200,000 

Ohms; 0-4 Megohms. 

Six Decibel Ranges: --30 to • 69. 

Six Output Ranges to 5,000 Volts. 

625 PI A I M- OHM-MIL-AMMETER 

C.MIS PEN  vOLI 

-20.0,00 DC  .0.000 AC 

CAUTION ON HIGH VOLTS 

5000 V 

5000V  IOAMP 
r ••1000MA 

1000V '\  . 
250V• N A 1 ',1/ / . 100,4 ii, 

50V...up Allk  , ......L IC:MM AA 
1  , 

1 0 V •01""  ji \ ) 

2 5 lin" '  i  '''"' 50 pA 

2K  4OMEG .m...  ,..... 
2.., ' 

42 

MODEL 625 NA 

OHMS AD.) 

*High Ohms Mirror Scale Thirty-Nine Ranges 
47-0i  ataif 9the gide4 Aide en lef,:4 9/7494 

The new Model 625NA, with 39 ranges and many 

added features, is the widest range tester of its 

type. Note the long mirror scale on the large 6" 

meter for easier more accurate reading. Resistance 

ranges to 40 megohms give you all the ranges 

needed for general servicing, plus Television and 

FM. And with 10,000 ohms per volt A. C. you can 

check many audio and high impedance circuits 

where a Vacuu m Tube Volt meter is ordinarily 

required. A proven super-service instru ment 

Write for details today about Model 625NA and the many other 
new Triplett testers. Address Dept. 11127. 

Triplett 
ELECTRICAL INSTRUMENT CO. BLUFFTON, 01110 
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RCA Preferred Type Tubes 
The types on this new list of RCA Preferred Tubes fulfill 
the major engineering requirements for future equip-
ment designs. RCA Preferred Types are recommended 
because their general application permits production to 
be concentrated on fewer types. The longer manufactur-
ing runs reduce costs—lead to improved quality and 
greater uniformity. These benefits are shared alike by 
the equipment manufacturer and his customers. 

RCA Tube Application Engineers are ready to suggest 
the best types for your circuits. For further information 

GAS TUBE TYPES 

THYRATRONS 1GNITRONS RECTIFIERS 
VOLTAGE 

REGULATORS 

2021* 
3D22 
884 
2050 
5563 

5550 
5551 
5552 
5553 

3825 
673 
816 
857-8 
866-A 
869-8 
8008 

0A25 
0C3/VRIOS 
OD3/VRISO 

0 

*Miniature type 

CATHODE-RAY TUBE AND CAMERA TUBE TYPES 

BULB 

DIAM. 

TELEVISION OSC1LLOGRAPH 

PICKUP 
MONO-

SCOPE 
Directly 
Viewed  

. . 
Projection Pi Screen 

2" 
3" 

5" 
7" 

8" 
10" 

7DP4 
704 

I OBP4 

51P4 

28P1 
3KP1 
SUN 

5327 
(2P23 
(5655 

1850-A 

2F21 

write RCA, Commercial Engineering, Section 
R-52.1., Harrison, N. J. 

PO WER AMPLIFIER AND 

OSCILLATOR TUBE TYPES 

TRIODES 

5588 
5592 
6C24 
811 
812 
826 
833-A 
889-A 
889R-A 
892 
892-R 
8000 
8005 
8025-A 
9C2I 
9C22 
9C25 
9C27 

PENTODESj  BEAM POWER 

802 
828 

TETRODES  

4-125A/4021 
8021* 

2E24 
2E26 
807 
813 
815• 
829-8' 
832-A• 

*Twin type 

PHOTOTUBE TYPES 

GAS VACUUM MULTIPLIERS 

IP41 
921  922 
927  929 
930 

931.A 

RECEIVING TUBE TYPES 

RECTIFIERS CONVERTERS 

VOLTAGE AMPLIFIERS 

TRIODES PENTODES 

Single Twin With Diodes Sharp Cutoff Remote Cutoff Will, Diodes 

TWIN  POWER 

DIODES  AMPLIFIERS 

MINIATURE 

6X4 

35W4 
1 I7Z3 

IRS 

68E6 

128E6 

6C4 6.16 

I 2AU7 

'US 

6A06 
6AT6 
611F6 

12AT6 

I U4 

6AG5 
6AU6 

I 2AU6 
12AW6 

METAL AND GLASS 

114 

613A6 
6BJ6 

I 28A6 

6AL5 

12ALS 

354 
3V4 

6A05 

3585 
5085 

1B3GT/8016 
5U4G 
5Y3GT 
6XSGT 

3SZSGT 

65A7 

12SA7 

615 6SC7 
6SL7GT 
65N7GT 

*Recommended only for television damper application . 

For co mplete technical data 

on these preferred tube types, 

refer to the RC A HB-3 Handbook. 

6507 
65R7 

12507 

65J7 6SK7 
6557 

I 25K7 

65E7 

RCA Laboratories, Princeton, N. J. 

THE FOUNTAINHEAD OF z z z ... . 
MODERN TUBE DEVELOPMENT IS RCA 

5V4-G 
6H6 

6K6GT 
61.6G 
6V6GT 
6BG6G 

I 351.6GT 
5016GT 

T UBE D EPA RT ME NT 

RA DIO CORPORATIO N of A MERICA 
H A RRISO N, N. J. 
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Dorman D. Israel 

Mr. Israel was born in Newport, Ky., on July 21, 1900. He started 
in amateur "wireless" activities in 1914, and received his commercial 
operator's "ticket" in 1918. He was active in "wireless" clubs both at 
school and elsewhere in and around Cincinnati, until World War I 
came with its mandatory closing down of amateur activity. 
He entered the University of Cincinnati as a co-operative student 

in electrical engineering in 1918, and for the first three years literally 
forgot "wireless" mainly because his co-operative job was with an 
electrical machinery manufacturer. Then in early 1921, he met Powel 
Crosley, Jr., who was determined to get into the radio business. Ar-
rangements were made for Mr. Israel to go to work for what was then 
the Crosley Manufacturing Company as its first employee. This too 
was a co-operative job, since Mr. Israel was then a pre-junior at the 
University of Cincinnati (which is the third year of a five-year engi-
neering course). In this job he soon found himself designing parts and 
equipment for home radio; and, to round things out, he also designed 
and installed the first two WLW transmitters of 100 and 1000 watts, 
respectively. It should be added that somewhere along the line he 
found the time to spend the required half of his daylight hours in 
school so that he received the E.E. degree in 1923. After graduation 
he stayed on with the Crosley organization as development engineer, 
and also made sales trips for the corporation through the southeast 
and southern parts of the United States. 
In 1924 Mr. Israel and some associates became connected with 

Cleartone Radio Corporation in Cincinnati, and it was during his 
connection with this company that he pioneered considerably in 
tuned-radio-frequency receiver circuit developments and a.c.-op-
erated vacuum-tube receivers. 
He returned as chief development engineer to the Crosley Corpo-

ration in 1929, and became active there in the development of mass 
production techniques for superheterodyne and screen-grid-tube re-
ceivers. He was chief engineer of Grigsby-Grunow Corporation (Ma-
jestic Radio) for about a year in 1932, returning again to Crosley in 
1933 as chief radio engineer. 

, Early in 1936, he became chief engineer of Emerson Radio and 
Phonograph Corporation in New York, and is still actively identified 
with the operations of this company. He is now vice-president in 
charge of engineering and production and a member of the board of 
directors of Emerson. In this connection, Mr. Israel has made many 
effective and valuable contributions to the art of engineering "small 
radio." He is also president and director of two Emerson subsidiary 
companies, Radio Speakers, Inc., of Chicago and Plastimold Corpora-
tion of Attleboro, Mass., as well as a director of another subsidiary, 
Jefferson-Travis, Inc. 
Mr. Israel was identified with the start of the Television Broad-

casters Association, having organized and conducted the panel ses-
sions at their first convention in December, 1944. He has contributed 
much tc the engineering work of the Radio Manufacturers Association, 
serving on many receiver and systems committees. He is now chair-
man of the receiver section and of the Receiver Section Executive 
Committee in RMA. He recently was active in the formation and 
work of the Talking Book Systems Committee of the RMA. He is 
one of the organizers of the Cincinnati Section of I.R.E., of which he 
was Chairman in 1931. 
He has been identified at various times with the work of the I.R.E. 

Sections, and has served on the following I.R.E. committees: Re-
ceivers, Television, Public Relations, Awards, RMA-I.R.E. Co-
ordination, Convention Requirements, and Annual Review, and has 
given long service in the critical and demanding post of General 
Chairman of the Papers Procurement Committee. 
He taught elementary radio engineering at the University of Cin-

cinnati night college in 1928, 1929, and 1930. The range of his pub-
lished papers varies in scope from a study of automatic volume con-
trol to a discussion of engineering education. Mr. Israel became an 
Associate of the I.R.E. in 1923, was made a Member in 1930, and a 
Fellow in 1941. He was awarded the Certificate of Appreciation from 
the War Department in 1946 for his outstanding work in connectiqn 
with vacuum-tube fuzes. 
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One of the industrially important factors in technology is systems engineer-
ing.Illustratively, unless all aspects of a communication system are closely con-
sidered, both individually and collectively, and unless their corresponding speci-
fications are correlated in a fashion consistent with system performance, the 
over-all effectiveness of the communication system and its parts will be lowered. 
The author of the following guest editorial, who is the Editor of the journal 

Audio Engineering, has appropriately directed attention to one major aspect 
of present-day communication system engineering. This aspect may merit even 
closer technical study than it has at times received.—The Editor. 

Audio Aspects of Postwar Radio Engineering 
JOHN H. POTTS 

Now that the transition to peacetime opera-
tion has been largely effected, it is interesting 
to survey some of the technological effects of the 
war upon radio engineering. During the prewar 
depression years, engineering emphasis was 
mainly on mass production of low-cost appara-
tus, with quality of construction and perform-
ance of secondary importance. The exigencies of 
war called for entirely different standards, with 
precision construction and excellence of opera-
tion imperative. Engineers learned how to make 
fine instruments and achieve quantity produc-
tion without sacrifice of quality—knowledge 
badly needed by the radio industry. 
Although, in the scramble to resume peace-

time production of radio equipment in the least 
possible time, many manufacturers elected to 
revert to prewar designs and production stand-
ards, the resulting ipferior apparatus found lit-
tle public acceptance. The public expected 
something better. Those manufacturers who 
took a little longer to get into production, but 
did a better job with their war-gained know-
how, suffered less. 

But we must remember that, for a good many 
years, engineering emphasis has been placed 
largely on the development of carrier techniques, 
improved methods of transporting sound or 
other forms of intelligence from one point to an-
other. During the war there was no need to im-
prove the character of sound reproduction for 
esthetic purposes; this would have no military 
value. Research was confined to new concepts, 
such as radar, direction-finding, and the like. 

Thus the radio industry found itself at the end 
of the war with the production facilities and the 
skill needed to turn out fine apparatus in quan-
tity, but without any additional experience in 
the design of equipment for improved reproduc-
tion of sound. Yet, insofar as broadcasting is 
concerned, we must remember that the sound 
quality is of paramount importance. In the past 
two years many improvements have been made 
in loudspeaker design and in phonograph pick-
ups, but much remains to be done. 
We need to provide, better audio channels 

than those now available in reasonably priced 
receivers. We need a better demodulator; for 
many years there has been little research done 
on detectors, despite the well-known limitations 
of the diode. We need better i.f. amplifiers which 
will pass sidebands without attenuating the 

higher audio frequencies. Cabinets fer the larger 
sets should be improved, acoustically and 

artistically. Our war-gained knowledge of mass 
production with close tolerances has provided us 
with smaller, improved tubes; it can also help 
in improving other components. 

Radio broadcasting originally sprang into 
popularity because it provided better musical 
reproduction than the old mechanical phono-
graph then available. With greatly improved 
recordings and pickups, many receivers provide 

better reproduction from some records than is 
obtained from radio broadcast signals. Unless 
the radio manufacturers take heed of the situa-
tion before it is too late, public preference may 
revert to the phonograph. 

-44 
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Frequency Stabilization of Microwave Oscillators 
R. V. POUNDt 

Summary —Two electronic circuits for frequency stabilization of 
electronically tunable microwave oscillators are described and dis-
cussed. One of these uses a microwave circuit equivalent to the low-

frequency discriminator, in conjunction with a d.c amplifier, to con-
trol the oscillator frequency at the frequency of a cavity resonator. 

The other circuit obtains frequency control of the oscillator by the 
cavity through a circuit operating almost entirely at an intermediate 

frequency. With both systems, frequency modulation of a highly 
degenerative type is provided. The resulting stability over long pe-
riods is essentially that of the cavity. The stability over short periods 
is such that the signal obtained occupies a-band of less than 1 part 
in 10 in width. The practical limit to the stabilization obtainable with 
given components is estimated, and several applications are sug-

gested. 

INTRODUCTION 

A
T LOW FREQUENCIES, the piezoelectric quartz 
crystal is used to control the frequency of an 
oscillator. Because it is very difficult to make 

quartz crystals that resonate at frequencies higher than 
the ordinary short-wave region, stable signal generators 
for higher frequencies are often obtained through the 
use of a crystal-controlled oscillator followed by fre-
quency multipliers. This technique has been used to 
obtain stable frequencies in the microwave region, but 
the resulting signal generator is complex. Multiplier 
tubes for the higher microwave frequencies, for use in 
the last stage of such a device, are not readily available. 
Cavity resonators having many of the desirable prop-

erties of the quartz crystal can be made for the micro-
wave region. Although the resonant circuit of a micro-
wave oscillator usually consists of a cavity resonator, it 
is not of a type having the highest Q or the greatest fre-
quency stability obtainable because of the requirements 
imposed on its use as the tank circuit of the oscillator. 
On the other hand, cavities of the types used for wave 
meters and frequency standards, having unloaded Q's 
as high as 50,000 or more, can be made. Temperature 
compensation, through the use of tuning structures 
made from materials having different thermal coeffi-
cients of expansion, allows the resonant frequency of 
such cavities to be made temperature-independent. To 
obtain independence from the changes of atmospheric 
dielectric constant, the cavity may be hermetically 
sealed. Since the cavities for these frequencies need not 
be large, further independence of the resonant frequency 
from the ambient temperature can be obtained through 
the use of a temperature-regulated oven, as is common 
with quartz crystals. A property of the high-Q resonant 

Decimal classification: R355.911.4 X R355.912. Original manu-
script received by the Institute, June 24, 1946; revised manuscript re-
ceived, May 22, 1947. This paper is based on work done for the Office 
of Scientific Research and Development under Contract No. OEMsr-
262 with the Massachusetts Institute of Technology. 

Formerly, Radiation Laboratory, Massachusetts Institute of 
Technology, Cambridge, Mass.; now, Society of Fellows, Harvard 
University, Cambridge, Mass. 

cavity, not possessed by the quartz-crystal resonator, is 
the ability to be tuned continuously through a wide 
band of frequencies by a simple mechanism. If an oscil-
lator could be made to possess the frequency stability 
of such a cavity, such an oscillator would compare fa-
vorably, as a source of signal power having a stable fre-
quency, with the crystal-controlled oscillator and mul-
tiplier. In addition, a stable, tunable source of signal 
power could be obtained at any frequency for which os-
cillators are available. 
An external cavity can be made to control the fre-

quency of an oscillator in a direct manner by coupling 
the cavity to the oscillator in such a way that the exter-
nal cavity appears to be the tank circuit of the oscillator. 
If, for instance, the high-Q external cavity is coupled to 
the cavity of the oscillator through a transmission line 
having an effective length of an integral number of 
half-wavelengths, the rate of change of susceptance of 
the combined circuit is determined mainly by the ex-
ternal cavity. Considerable improvement in frequency 
stability can be obtained in this way, but the circuit is 
not easy to set up. With most oscillator tubes a part of 
the coupling circuit must be a built-in output line, and 
the effective electrical length of this line varies among 
different tubes of the same type. As a result, to obtain 
frequency control over the same range of frequencies 
with different tubes, an adjustable circuit must be used. 
The circuits for frequency control to be described 

here utilize the external cavity in a special microwave 
circuit. This circuit develops a voltage which is a meas-
ure of the difference between the frequency of an oscil-
lator fed into it and the resonant frequency of the cav-
ity. When this voltage is amplified and superimposed in 
the correct sense on the supply voltage of an element of 
the oscillator, the potential of which affects the fre-
quency of the oscillator, the difference frequency is re-
duced. The time of response of the circuits has been kept 
small in order to reduce the frequency-modulation com-
ponents having audio- and higher-frequency periods. In 

R-F 
Output 

Fig. 1—Block diagram of electronic frequency-
stabilization system. 

this way a very narrow frequency band is occupied by 
the resulting signal, making it useful for measurements 
on extremely high-Q circuits and for narrow-band voice 
communication. If only the low-rate drifts are removed 
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from an oscillator in the microwave region, as is the 
more common practice, the resulting signal is still too 
broad for these purposes in most cases. 
To obtain such a reduction in the signal bandwidth, 

the control circuit must be made to act as rapidly as pos-
sible. A block diagram of a control circuit of the type 
under discussion is shown in Fig. 1. Suppose the output 
terminals of the amplifying device are disconnected 
from the control terminals of the oscillator. If an alter-
nating voltage were to be applied to the control termi-
nals of the oscillator, frequency modulation would result, 
and this, in 'turn, would produce an alternating voltage 
of the same frequency at the output terminals of the 
amplifier. The entire device may, then, be considered 
as a voltage amplifier and, to obtain stabilization of the 
oscillator frequency, the input terminals of the ampli-
fier must be connected to the output terminals. The de-
vice resulting is, therefore, analogous to an amplifier 
with a very large amount of negative feedback. 
Suppose the oscillator signal to contain, before appli-

cation of the stabilizing circuit, frequency components 
corresponding to frequency modulation at a given audio 
frequency and to a deviation from an average frequency 
of ±dvo. There will be an output voltage from the sta-
bilization amplifier equal to Gdvo where G expresses the 
output voltage per unit of frequency deviation and is a 
complex function of the modulation frequency. When 
the output terminals of the amplifier are connected to 
the control terminals of the oscillator, the frequency 
deviation is reduced to dv. 

dv = 
dvo 

1 + AG 

where A is the frequency change produced by unit 
change in the voltage supplied at the control terminals 
of the oscillator. The stabilization factor Sis 

dvo 
S = — = 1+ AG. 

dv 

The analogy to a negative-feedback amplifier is ap-
parent in this expression. For the operation to be stable, 
the quantity AG must not be equal to — 1 at any fre-
quency in the feedback loop. This puts restrictions on 
the amplifying system, for, as shown by Bode,' there is 
a minimum phase shift accompanying a given rate of 
change of gain with frequency, in realizable networks. 
The amplifier cannot pass all frequencies equally well 
and must, therefore, have a cutoff at high frequencies. 
For complete stability of the stabilization circuit, the 
gain cannot decrease for a large frequency range at a 
rate as great as 12 db per octave at frequencies less than 
the frequency of unity gain. An amplifier of many stages 
ordinarily has a cutoff rate far exceeding 12 db per oc-
tave unless special precautions are taken. The only pre-

I H. W. Bode, "Relations between attenuation and phase in am-
plifier design," Bell Sys. Tech. Jour., vol. 19, pp. 421-454; July, 
1940. 

caution taken in the systems to be described is the use of 
amplifier circuits having a wide pass band compared 
with the pass band of a single resistance and capacitance 
circuit that produces the cutoff at high frequencies. 
Without doubt this aspect of the systems could be im-
proved if it were found desirable. One notable difference 
between the present circuits and the ordinary negative-
feedback amplifier is the fact that in the present circuits 
it is not necessary that the gain be constant through the 
frequency band for which stabilization is desired. The 
frequency-modulation components of the greatest mag-
nitude are usually at the power-supply frequency and 
the, first few harmonics of it, and the gain at these fre-
quencies is of the most importance. 
In most practical circuits the quantity A is not a func-

tion of the oscillator tube alone, but is partially deter-
mined by the character of the load circuit of the oscil-
lator. This is particularly true with low-power oscilla-
tors, where the attenuation between the oscillator and 
the circuit containing the high-Q cavity cannot be very 
great. Under this condition the presence of the high-Q 
cavity as a part of the load circuit affects the dependence 
on frequency of the susceptance within the tank circuit 
of the oscillator. Therefore, the amount of frequency 
change produced by unit change in reflector voltage de-
pends on the nature of the load circuit. The rate of 
change of susceptance of the tank circuit with frequency 
may be increased or decreased by the presence of a res-
onant cavity in the load circuit, depending on the effec-
tive electrical length of the coupling circuit. An increase 
in the rate increases the stability of the tube before the 
application of the electronic feedback circuit, and a de-
crease decreases the stability. The magnitude of A is 
correspondingly decreased or increased, respectively. 
Therefore, the gain through the feedback loop can be 
altered by a change in the effective phase length of the 
line coupling the external cavity to the oscillator, and 
instability of the feedback circuit can result even if the 
magnitude of the coupling and the amplifier gain are the 
same as at a line length for which stable operation re-
sults. 

Fig. 2— Susceptance versus frequency in an oscillator with 
a high-Q load circuit. 

In some instances the presence of a resonant cavity 
in the load circuit of the oscillator can cause the oscil-
lator to tune discontinuously through the frequency of 
resonance of the cavity, completely skipping the reso-
nant frequency. If this happens the stabilization circuit 
cannot function properly, and coupling circuits resulting 
in this kind of operation must be avoided. Curves of the 
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susceptance as a function of frequency, showing how 
this discontinuous operation comes about, are shown in 
Fig. 2. The straight dashed line represents the suscept-
ance of the tank circuit of the oscillator, and the curve 
formed by the short dashes represents the susceptance 
produced by a resonant cavity coupled to the oscillator 
through a line an odd number of quarter-wavelengths in 
effective length. If the operation of the oscillator is con-
tinuous for a line of this length it must be continuous 
for all other line lengths because, as reference to an ad-
mittance chart will show, the maximum possible nega-
tive rate of change of susceptance occurs for this line 
length. In the figure the solid line represents the total 
susceptance as a function of frequency, and the coupling 
is sufficient to produce a frequency discontinuity. If the 
tube were tuned through the resonance of the external 
cavity from the low-frequency side, the oscillator would 
skip discontinuously from the frequency corresponding 
to A to that corresponding to B. Approaching resonance 
from the other direction results in a skip from C to D. 
To avoid such a discontinuity, the coupling must be 

such that the magnitude of the rate of change of suscept-
ance of the load circuit with frequency is less than that 
of the oscillator circuit, when measured at the same 
point in the coupling line. If they are equal the opera-
tion is continuous, but the tube is very unstable at the 
resonant frequency of the cavity and the quantity A is 
infinite. This is illustrated in Fig. 3. 

,b 

—"" 

Fig. 3—Susceptance versus frequency at critical coupling. 

To measure the rate of change of susceptance of the 
tank circuit of an oscillator with frequency at a point 
in the output coupling line where that of the load circuit 
can be expressed, a number related to the "pulling fig-
ure" of the oscillator may be used. The change in oscil-
lator frequency per unit change in the load susceptance, 
in units of the characteristic admittance of the wave 
guide, may be used and termed C. The condition for con-
tinuous operation is that the rate of change of the load 
susceptance in these units with frequency must not ex-
ceed 1/C in magnitude. 
For ordinary low-power oscillator tubes and high-Q 

cavities, this condition is not easily met. To meet it, 
the coupling aperture to the cavity may be made very 
small; or a matched dissipative attenuator, such as a 
tapered strip of carbon-coated bakelite, if the coupling 
line is a wave guide, may be used between the cavity 
and the oscillator. In the latter instance the amount of 
attenuation required may be calculated as follows: 

In units of the characteristic admittance of the cou-
pling line, the cavity admittance, as can easily be shown 
from an equivalent simple shunt-resonant circuit, is, to 
a very good approximation, 

30 2,1v 
ye = — +j 

51 61 

in a plane of reference to which the equivalent shunt 
circuit applies. The quantitity 50 is the reciprocal of the 
unloaded Q of the cavity, Si is (Sr,— Bo) where Si. is the 
reciprocal of the Q resulting when the cavity is loaded 
with a semi-infinite input line, and Av is (v — v0)/v0 
where v is the frequency of operation and v0 is the reso-
nant frequency of the cavity. A susceptance varying 
with frequency like that of the load circuit of Fig. 2 is 
obtained at a point an odd number of quarter-wave-
lengths toward the generator from the position in the 
line feeding the cavity to which (1) applies. At such a 
point the admittance is 171, the reciprocal of Y., in the 
same units. The effect of an attenuator may be taken 
into account by writing the reflection coefficient ri as-
sociated with 171. 

1 — Y1 
ri =   

(1) 

An attenuator reducing the power incident on the cav-
ity to r times that incident on the attenuator reduces the 
reflection coefficient to 

rri 
r(1 — Yi) 

1 + 171 

The admittance at the input to the attenuator is 

1 — rri 
Yet=   

1 + rri 

The susceptance is the imaginary part of this, and the 
rate of change of the susceptance with frequency is, at 
the resonant frequency of the cavity where it is a maxi-

mum, 

dB _  8ra 

dv  v050[(1 — r)« + (1 + r) 12 

where a has been written for 51/80. The condition for 
continuous tuning of the oscillator through the cavity 

resonance is, then, 

8ra 
< 1 •  (2) 

vo5o [(1 —  + (1 + r) ]2 C 

This is satisfied if 

( 4aC 12+  1) (cr— 1)2(a+ 02  1/2 

Sovo  — r<   1  1    4aC  y 
(a— 1)2  aovo 
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For most applications the second term in the square 
brackets is small compared with unity, and a series ex-
pansion gives 

1  (a + 1)2 
r < 

2 ( 4aC 
as + _ _sop°  _ 1 

(3) 

neglecting terms in the expansion to higher than the first 
power. For stabilization circuits it will be shown that 
the best results are obtained for a equal to unity, and for 
this condition (2) leads directly to 

Sovo r <  . 
2C 

(4) 

In the 10,000-Mc. region and with a 2K25 oscillator 
tube, So might be 4X10-5 , and C about 10 Mc. per unit 
change in susceptance. This is a value for C found by 
measurement of the coupling conditions under which 
continuous operation of several 2K25's could be ob-
tained for all parts of the reflector-voltage mode be-
tween the points at which the delivered power was 
one-fourth that at the center of the mode. With these 
values, r must be less than 0.02. Thus an attenuation 
greater than 17 db must be used between the cavity 
and the oscillator, in order that continuous tuning of 
the oscillator through the resonant frequency of the ex-

ternal cavity will be obtained, for this most restrictive 
effective length of the coupling line. In the stabilization 
circuits, special circuits called "magic tees" are used 
between the oscillator and the cavity, and the effect of 
each of these is equivalent to a 3-db attenuator. About 
12 db of additional attenuation is required, therefore. 

THE MAGIC TEE 

The magic tee is a circuit which can be formed from 
wave guides having rectangular cross sections, in the 
manner illustrated in Fig. 4. From the symmetry and 

Fig. 4—Wave-guide "magic tee." 

considerations of the fields in these wave guides, it is 
easily shown that a wave sent into arm 3 of the struc-
ture excites waves of equal amplitudes traveling out-
ward from the junction in arms 1 and 2, and that these 
excited waves have like phases at planes equidistant 
from the junction. On the other hand, a wave sent into 
arm 4 excites waves of equal amplitudes but having op-
posite phases at planes equidistant from the junction 

in arms 1 and 2. Because of the opposite kinds of sym-
metry of the waves excited in arms 1 and 2 by waves sent 
into arms 3 and 4, no direct coupling exists between the 
latter arms. If arms 1 and 2 are terminated in nonreflect-
ing loads, no power is delivered to a load on arm 4 if a 
wave is sent into arm 3, and similarly no power is de-
livered to a load on arm 3 if power is sent into arm 4. 
It is easily shown that the addition of matching irises 

to eliminate the reflections at the junctions, for waves 
sent into arms 3 and 4 with arms 1 and 2 terminated in 
reflectionless loads, results also in zero direct coupling 
between arms 1 and 2. Such matching structures having 
a wide pass band have been developed at the Radiation 
Laboratory2 and elsewhere, and it is to the resultant de-
vice that the term "magic tee" is applied. Circuits 
equivalent to the magic tee, such as that shown in Fig. 
5, can be used with equal success at wavelengths where 
they are more convenient. 

L 382 0o 

.120 271 

Fig. 5-10-centimeter coaxial line equivalent to a 
"magic tee." 

The magic tee can be represented by an equivalent 
network having four pairs of terminals. The terminals 
may be supposed to lie in planes chosen to be equidis-
tant from the junction in arms I and 2. In arms 3 and 4 
the terminals may be taken to lie in planes at which 
zero admittance would be found if arms 1 and 2 are 
short-circuited in the planes chosen for the terminals 
in those arms. There are such planes in arms 3 and 4 
every half-wavelength from those closest to the junc-
tion. For one choice of these two planes, the relations 
between the voltages and currents in the terminals of 
the equivalent network can be shown to be given by the 
relations 

= j — (e3  e4)170 
2 

i2 =  —2 (e3 — e4)Y0 

2 0 - • 

13 =  (ei  e2)F0 
2 

2 • 

.4 = j —  — e2)110 
2 

(4a) 

2 R. V. Pound, Radiation Laboratory Series, "Microwave Mix-
ers," vol. 16, McGraw-Hill Book Co., New York, N. Y., to be pub-lished. 
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where Yo is the characteristic admittance of the wave 
guide. The signs in these relations are changed if the 
plane of the terminals in either arm 3 or arm 4 is changed 
by an odd number of half-wavelengths. 
As an example of the use to which the equivalent cir-

cuit may be put, the power delivered to a load having 
an admittance 174 on arm 4 from a generator having an 
admittance Y3 on arm 3 may be calculated, for arms / 
and 2 terminated with admittances Yi and Y2, respec-

tively. Such a calculation yields 

Yi— 172  2 

P4 = 4 P0g3g4 
(5) 

(1+ Y1Y4)(1+ Y2Y8)+ (1+ Y1Y3)(1-1-117Y4) 

where Po is the power available froth the generator; ga 

and g4 are, respectively, the conductive parts of Y3 and 
114; and all admittances are expressed in terms of the 
characteristic admittance of the wave guide. 

THE MICROWAVE DISCRIMINATOR 

Two different kinds of stabilization circuits have been 
constructed. One of them utilizes a microwave circuit 
that is equivalent to the frequency discriminator used 
at low frequencies. In Fig. 6 a symbolic diagram of one 

Fig. 6—Magic-tee frequency discriminator. 

form of this microwave discriminator is shown. There 
are two symbols representing magic tees, and the num-
bers on the arms refer to the arms numbered in the same 
way in Fig. 4. Other orientations of the magic tees can 
be used because of the complete symmetry of the struc-
tures, but it is most convenient to use arms / and 2 for 
the cavity and the comparison short circuit. 
The source of power is connected to arm 3 of the lower 

magic tee. One-half the power sent into the circuit is 
delivered to the matched termination on the lower arm, 
while the other half is sent upward into the other tee 
through arm 3. This excites waves of equal amplitudes 
and like phases in arms I and 2, and these travel out-
ward toward the cavity and the short circuit. At fre-
quencies far removed from the resonant frequency of 
the cavity, the cavity reflects completely, and it is so po-
sitioned that it appears like a short circuit one-eighth 
wavelength farther from the junction than the short 
circuit on the opposite arm. At these frequencies the 
waves reflected in the two arms reconverge on the junc-
tion with a relative phase of 7r/2 radians, at planes equi-
distant from the junction, because the wave on the side 
containing the cavity has traveled a total of a quarter-

wavelength farther than the other. Because arm 4 is 
excited by a wave possessing odd symmetry about the 
junction plane and arm 3 by one possessing even sym-
metry, waves of equal amplitude are excited and travel 
outward in arms 3 and 4 of this magic tee at this fre-
quency. A matched crystal in arm 4 detects this wave, 
and one-half the power returned out arm 3 is detected 
by a matched crystal on arm 4 of the lower magic tee. 
The function of the lower tee is to detect the power re-
turned from the upper one without coupling directly to 
the input signal. Because only one-half the returned 
power is delivered to the lower crystal, if the crystals 
are "square law" the detected voltage at the upper 
crystal is twice that at the lower crystal. An attenuator 
on either the r.f. or the d.c. side of the upper crystal can 
be used. to make the output voltage of that crystal the 
same as that at the lower crystal for all frequencies far 
removed from the resonant frequency of the cavity. 
At the resonant frequency of the cavity, the reflec-

tion coefficient of the cavity has the same or the oppo-
site phase to that at frequencies far removed from 
resonance, corresponding to a conductance either larger 
or smaller than the characteristic admittance of the 
wave guide. As a result, equal amounts of power are sent 
back out arm 3 and out arm 4 of the upper tee for an 
input signal at the resonant frequency. The same atten-
uator results in equal output voltages from the two 
crystals. At frequencies not at the cavity resonance but 
adjacent to it on either side, the reflection coefficient of 
the cavity is either advanced in phase or retarded in 
phase relative to the phase at resonance. Therefore, for 
frequencies near resonance on one side, the power deliv-
ered to arm 4 of the upper magic tee is greater than that 
returned to arm 3. On the other side of resonance, arm 3 
receives the greater power. The difference between the 
voltages rectified by the two crystals is, therefore, with 
the balancing attenuator in place, a function of fre-
quency similar to the output voltage of the conventional 
discriminator circuit. 
If V from (1) is substituted for Yi (5) and Y2 is set 

equal to —j, the admittance of a short-circuited one-
wavelength line, an expression for the power delivered 
to the upper crystal is obtained. The power delivered 
to the lower crystal, from the above description of the 
operation, can be seen to be one-half this power with the 
sign of Av reversed. Taking one-half the power delivered 
to the upper crystal less the power delivered to the 
lower crystal yields an expression proportional to the 
output voltage of the discriminator, assuming matched 
magic tees and matched crystals producing voltages 
proportional to the incident power. Thus the discrimi-
nator output voltage is found to be 

aa 
V = PoD  volts  (6) 

(1 + a)2 a' 

where Po is the power available from the matched gen-
erator connected to the discriminator, a is 2Av/(30, and D 
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is the rectification efficiency of the crystals in volts per 
unit incident power. The rate of change of the discrimi-
nator voltage with frequency is greatest at resonance, or 
for a equal to zero, and is 

dV  Qo 2a   
= DPo    (7) 

dy  Po (l+ a) 

This is a maximum for a equal to 1, and for the fre-
quency-stabilization circuit this is the optimum value of 
a. Curves of V/PoD from (6) are plotted in Fig. 7 for 
values of a from 0.5 to 10. 
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Fig. 7—Output voltage versus frequency for various cavity-coupling 
factors of the balanced magic-tee discriminator. 

If the coupling between the oscillator and the dis-
criminator is limited by the need to avoid frequency 
discontinuities, for the range of coupling in which the 
crystals remain square law, the maximum obtainable 
slope is independent of the cavity Q and a, and is de-
termined by the quantity C and the power available 
from the oscillator. This results because the attenua-
tion r, from (3), must be used, and Po is proportional 
to r. Nevertheless, it will be shown later that a equal 
to unity and the highest possible Qo give the best opera-
tion of the stabilizing circuit for a tube with a given C 
and available power. 

THE D.C. STABILIZING CIRCUIT 

A frequency-stabilizing circuit using the microwave 
discriminator can be made in conjunction with a d.c. 
amplifier, as illustrated in Fig. 8. The circuit diagram 
of a d.c. amplifier that has been used in this applica-
tion is show,n in Fig. 9. The amplifier has two push-pull 
stages using 6SH7G tubes. The balancing of the out-
put of the two crystals is obtained by the adjustment 
of a potentiometer between the upper crystal and the 
amplifier tube. A potentiometer in the plate circuit of 
the first stage is used to balance the amplifier. A large 
negative voltage was required to lower the d.c. level 

of the output voltage of the amplifier to the —100-volt 
region for application to the reflector of a 2K25 oscil-

Timing 1Mob 

Microwave 

DlecrImInator 

For 
Moclujoilon 

Reflector  or 
Other Electronic 
Tuning Elements 

Fig. 8—Block diagram of a d.c. stabilizer 

!at°. r tube (cathode grounded) through a potentiom-

eter, without a large sacrifice in gain. This same nega-
tive voltage is used to obtain stability through the large 
common cathode resistors in each stage. Further stabil-
ity is obtained by the use of negative feedback from the 
plates of the second stage to the cathodes of the first. 
The voltage gain of the amplifier between the input ter-
minals and the plates of the second stage is 2000, al-
though the gain from the input to the reflector is only 
about 600 because the reflector can be supplied only 
from an unbalanced line. 

A capacitor of about 0.01 pfd. capacitance connected 
from the reflector to ground potential provides the high-
frequency cutoff and prevents singing of the stabilizing 
circuit. With this amplifier used in a stabilizing circuit 
for a 2K25 tube in the region of 3.2 centimeters with a 
TEN-mode wavemeter cavity, a stabilization factor of 
several hundred is obtained. A discriminator slope of 
about 1 volt per Mc. is obtained, and the oscillator fre-
quency is changed by approximately 1 Mc. per volt. 
Once locked, the frequency of the oscillator follows 

changes in the cavity frequency over the range of elec-
tronic tuning available at the reflector. If a wider tuning 
range than this is required, a 2K45 or similar oscillator 
tube may be used. This tube can be-tuned electronically 
by a bias voltage at the grid of a special triode contained 
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To Reflector 

Fig. 9—D.c. amplifier for the electronic frequency 
stabilizer. 

in the tube. The potential of this grid controls the cur-
rent to the plate and, therefore, the temperature of the 
plate. The plate is so connected to the oscillator 
resonator that a distortion produced by a change in the 
temperature of the plate changes the tuning of the os-

•300 V 
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cillator, and an electronic tuning range of 12 per cent 
is obtained in this way. The rate of tuning is relatively 
slow, however, and for frequency control sufficient to 
remove audio-frequency modulation components from 
the oscillator signal the control voltage must be con-
nected to the reflector. Connection also to the tuning 
grid, however, through a circuit similar to that shown in 
Fig. 10, has been used to obtain single-knob tuning over 
more than a 10 per cent range of frequencies. Only a few 
volts are required to tune the tube over this range, and 
the difference of the oscillator frequency from the cross-
over frequency of the discriminator required to develop 
the tuning voltage is not large if the amplifier gain is 
sufficient. In the circuit diagram, 1N34 crystals are 
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Stabilized 
+500.  -500v 

Fig. 10—Supplementary circuit for wide-band 
single-knob tuning. 

THE I.F. STABILIZING CIRCUIT 

To overcome certain limitations in the stabilization 
associated with the d.c. amplifier and the use of crystals 
as detectors, another stabilization system eliminating 
these components has been developed. A block diagram 
of this system is shown in Fig. 11. From the output 

shown used as clamping diodes to prevent the grid from 
being driven positive or too far negative. These also 
prevent motorboating of the oscillator into and out of 
oscillation. Fortunately, the change in reflector voltage 
required to keep the tube in oscillation when a change is , 
made in the grid voltage is in the same direction as the 
change in grid voltage. Therefore, the tube can be kept 
in oscillation over the 10 per cent band. It does not, 
however, remain at the center of a mode. This would be 
remedied by reduction in the tuning rate of the thermal 
triode by use of a degenerative cathode resistor. 
The frequency of the stabilized oscillator can be mod-

ulated very simply. To obtain frequency modulation 
the modulating voltage is superimposed on the output 
of the discriminator. A change in voltage at the input of 
the oscillator by this means results in a change in fre-
quency with amplitude sufficient to produce a com-
pensating change in the output voltage of the discrim-
inator. The frequency modulation is thus very highly 
degenerative, and the response of the system is uniform 
from zero modulating frequency up to a frequency so 
high that the stabilization factor is not much larger than 
unity. The linearity of the modulation is determined by 
the constancy of the slope of the discriminator char-
acteristic. Little harmonic distortion is produced for 
deviations as large as + vo/4QL where QL is the loaded 
Q of the cavity in the discriminator circuit. With the 
amplifier of Fig. 8, a uniform deviation in frequency for a 
given amplitude of modulating voltage was obtained for 
modulation frequencies from zero to 50 kc. 
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Fig. 11—Block diagram of the 1.1. stabilizer. 

terminals of a crystal mixer in the microwave circuit of 
this system is obtained an i.f. voltage proportional in 
magnitude and dependent in phase on the imaginary 
part of the reflection coefficient of the cavity. 
This i.f. voltage is obtained through the use of a magic 

tee, terminated on arm 1 with the cavity fed through a 
line of variable length. A crystal connected to an i.f. 
oscillator is connected to arm 4, and arm 2 is terminated 
by the mixer crystal. The oscillator to be stabilized is 
fed into arm 3. The oscillator is fed into the magic tee 
through a matched attenuator to insure continuous 
operation of the oscillator, and one-half the available 
power from this attenuator is delivered, without reflec-
tion, to the mixer crystal A. In the opposite arm, the 
wave excited by the oscillator is reflected by the cavity 
in a phase and amplitude depending upon the frequency 
relative to the resonant frequency of the cavity. The 
reflected wave couples in part to the attenuator in the 
input arm and in part to the modulator crystal B. This 
crystal does not reflect when zero voltage exists across 
its i.f. terminals, but when driven by the large i.f. volt-
age it reflects two sideband frequencies, above and be-
low the oscillator frequency by an amount equal to the 
intermediate frequency. The sideband waves travel back 
to the cavity and to the mixer crystal. The waves re-
turned to the cavity are again reflected and are absorbed 
with some production of waves at the original frequency 
and second-order sideband frequencies. These have little 
effect on the operation of the system and may be 

neglected. 
Arriving at the mixer crystal A are waves at three 

different frequencies, and the linear combination of 
these waves may be seen to be 

I r. I m  
Eg 1=  Eo {COS wit + 2  4  cos 

+ I re I m  cos [(col — 0)2)1  i}  (8) 
4 

[(col + w2)t + ] 
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where E0 is the matched-load peak voltage at the input 
to the magic tee, col is 27 times the r.f.-oscillator fre-
quency, co2 is 27 times the intermediate frequency, r„ is 
the reflection coefficient of the cavity, m is a factor de-
scribing the efficiency of the modulator crystal, and 5 is 
a phase factor dependent on the length of the line be-
tween the magic tee and the cavity, the length of line 
between the tee and the modulator crystal, the char-
acteristics of the modulator crystal, the phase char-
acteristics of the tee, and the phase of the reflection 
coefficient of the cavity. 

The square of the envelope of these waves may be 
shown to be 

E.2{ + 1 rci,„,,  I LI m  
Eg2 = ---  1 + 

2  8  2 cos (0)21+ s) 
I r, I ni 1 re 1%2  
2 

+  cos (w2t  8 6) +  cos (102)} • (9) 

It will be shown later that the best operation of the sys-
tem is obtained when I Li is very small in the region of 
the resonant frequency of the cavity. Therefore the 
terms in 11%12 may be neglected, and the envelope is 
given by 

Eo-V/  , 
2 11 +11',1 m cos (6) cos (0,20 11/2. (H) 

This may be expanded by the binomial theorem and 
terms in jrci to higher than the first power again 
neglected, giving 

E0VI ji I re 1 m  
+ 

2  2 
E,L-12_  cos (6) cos (c02/)} .  (11) 

t   

The i.f. voltage at the output of the mixer crystal is, 
therefore, proportional to 

VI Eo I r, I m 
cos (6) cos (w20.  (12) 

4 

This i.f. voltage is proportional to the imaginary part 
of the reflection coefficient of the cavity if the variable-
line length between the tee and the cavity is so set that 
the i.f. voltage is zero for a real reflection coefficient. 
Under this condition (1) may be used in 

1 —  r, = 1 + 17, 
to show that the i.f. voltage is proportional to 

aaEom 
E   cos (020.  (13) 

2 [(a + 1)2 + a21 

The dependence of the amplitude of the i.f. voltage on 
the oscillator frequency is thus the same as that of the 
output voltage of the microwave discriminator. The 

greatest rate of change with frequency is obtained for 
a equal to unity. This means that the cavity is nonre-
flecting at resonance, and thus r, is very small compared 
with unity and the approximations are valid for this 
condition. 
The i.f. signal is amplified in an i.f. amplifier and 

mixed, in a phase mixer, with a signal derived from the 
same i.f. oscillator that supplies the modulating voltage. 
This mixer produces a d.c. voltage proportional to the 
i.f. voltage, and the d.c. voltage reverses in sign as the 
r.f.-oscillator frequency is changed from one side of the 
resonant frequency of the cavity to the other. To obtain 
the proper sense to be applied as a frequency-control 
voltage, the phase of the i.f.-oscillator voltage injected 
into the lock-in mixer may be chosen to be the same as 
that of the output of the i.f. amplifier for an error in fre-
quency of one sign or of the other. The same effect may 
be obtained by the choice of the length of the variable 
length of line in the microwave circuit, since opposite 
senses are obtained at alternate positions a quarter-
wavelength apart. 

One very important feature of this stabilization sys-
tem is that zero i.f. signal is fed into the amplifier when 
the r.f. oscillator is at the desired frequency. This is true 
even if the reflection coefficient of the cavity is not zero 
at resonance. Therefore, very large gain can be used in 
the amplifier without danger of limiting in either the 
amplifier or the phase mixer, and thus the phase mixer 
is linear. In practice, at high gain a signal does appear 
in the amplifier, and this could cause limiting to occur. 
Such a signal could be produced from a small inequality 
in the amplitudes of the two sideband signals arriving 
at the mixer crystal. If the algebra for that situation is 
carried through, the i.f. signal from such a cause is 
found to be orthogonal to the useful signal. For proper 
setting of the phase of the mixing signal in the lock-in 
mixer, it thus does not contribute to the d.c. output 
voltage and therefore does not detune the r.f. oscillator. 
This spurious signal has not been large enough to cause 
limiting at the gain found adequate in the systems tried. 
A circuit diagram of the i.f. amplifier, phase mixer, i.f. 

oscillator, and buffer amplifiers used in several stabiliza-
tion systems of this kind is shown in Fig. 12. Care was 
taken to shield the i.f. oscillator and buffer amplifiers 
from the other amplifier. The i.f. amplifier had a pass 
band about 5 Mc. in width at the half-power points, at 
a center frequency of 30 Mc. Better phase character-
istics for this service could probably be obtained from 
an amplifier having a specially designed tuned-circuit 
combination. Stability of the feedback loop is obtained 
by the use of a capacitance from the reflector of the 
stabilized 2K25 to ground, to obtain the high-frequency cutoff. 

This stabilization system has the advantage that the 
d.c. level of the lock-in mixer can be made, with suita-
ble insulation, anything required to allow the plate 
voltage to be used directly as the control voltage of the 
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Fig. 12-1.f. amplifier, oscillator, buffers, and phase mixer of the stabilization system. 

r.f. oscillator. Thus, oscillators requiring high potentials 

can easily be stabilized. 
If the output voltage is applied to the reflector of a 

reflex klystron, the cavity frequency controls the oscil-
lator frequency only over the electronic tuning range 
available at the reflector. As with the d.c. system, how-
ever, the output voltage can also be applied to a thermal 
tuning structure to obtain single-knob tuning over a 
wider band. Not so wide a band can be accommodated 
with this system as with the d.c. system, however, be-
cause the phase factor 6 is determined by the difference 
in effective length of the two paths to the mixer crystal 
taken by the direct signal from the oscillator and by 
the wave reflected from the cavity. Since these two 
paths cannot be made very nearly the same, the vari-
able-line length must be readjusted to accommodate a 
large change in frequency. 
Degenerative frequency modulation can also be ob-

tained with this system. There are several ways in which 
the modulating voltage may be introduced. One of par-
ticular interest is the application of the modulation volt-
age as a bias voltage to the mixer crystal through the 
filter normally used to allow metering of the rectified 
current. In the absence of the bias voltage the mixer 
crystal is nonreflecting, but the application of a small 
bias voltage causes the crystal to reflect. The reflected 

wave travels, in part, into the modulator crystal, and 
therefore sideband signals are returned to the mixer 
crystal. The frequency of the oscillator shifts away from 
the cavity resonance by an amount sufficient to cancel 

the i.f. voltage produced by reflection from the mixer 

crystal. 
For the largest frequency shift per unit of bias volt-

age, the length of line between the mixer crystal and the 
tee should be chosen to make the i.f. voltage produced 
by the bias voltage a maximum. A variable length of 
line could be used here, too, and adjustment of this 
length could be made to give maximum deviation for a 

given bias voltage. 
The deviation obtained in this way is independent of 

the amplifier gain and the characteristics of the lock-in 
mixer and the oscillator. In addition, it is not very de-
pendent on the r.f. power delivered by the oscillator to 
the stabilization circuit, since the admittance of the 
mixer crystal is not very dependent on this power at 
the level of about 1 milliwatt. By measurement of small 
changes in the deviation produced by a given modula-
tion voltage, small changes in the dissipation of the cav-
ity could be detected. This is the basis of a possible 
application of this system to the measurement of 
resonance absorption of microwave energy in certain 

gases. 



1414 PROCEEDINGS OF THE December! 

RESULTS AND LIMITATIONS 

Most of the stabilizing circuits constructed have oper-
ated with 2K25 or 723A/B oscillator tubes in the 9000-
Mc. region. The systems were tested by observation of 
the beat frequency produced when two identical sys-
tems were operated on adjacent frequencies. The beat 
frequency was detected in a mixer and fed into a stand-
ard communication receiver and made audible by use of 
the beat-frequency oscillator of that receiver. Unstabi-
lized oscillators are rarely sufficiently stable to produce a 
beat frequency that remains in the pass band of the 
communications receiver for more than a few seconds. 
The beat frequency contains so many modulation com-
ponents that the beat-frequency oscillator of the re-
ceiver does not produce a sound at all similar to the tone 
produced from a steady c.w. signal. 

With the oscillators stabilized with the d.c. systems, 
the beat frequency varied only by a few kilocycles in 
periods of many hours, so long as the temperatures of 
the two cavities were not changed relative to one an-
other. Cavities having good temperature compensation 
were not available, and those used changed frequency by 
about 50 kc./°C. The tone produced by the beat-fre-
quency oscillator of the receiver showed that there re-
mained about 100 c.p.s. of relative frequency modula-
tion of the two oscillators at the power-supply frequency 
and harmonics of it. The tone wavered over about 1 kc. 
in a random fashion but rarely changed by this amount 
in less than a second. This waver is probably caused by 
the low-frequency noise in the crystal rectifiers. It is 
found that there is a noise voltage at the output ter-
minals of a crystal detector which is very large compared 
with the Johnson noise associated with a resistor at room 
temperature, when the detector is producing a large 
rectified voltage. This fluctuation is equivalent to a fre-
quency-modulating voltage, and, to account for the 
waver over about 1 kc., a voltage fluctuation of about 1 
millivolt is required. Measurements have shown that 
this is common with crystals under the conditions of 
operation in this circuit. The fluctuation is less at higher 
audio frequencies. It is also less if the rectified voltage 
is reduced by reduction of the incident power. This 
means that the most stable oscillator frequency is ob-
tained for the maximum slope in the discriminator char-
acteristic at a given power level. Thus a high-Q cavity 
and a equal to unity are favored. 
With the i.f. systems the waver of the beat frequency 

was absent, and the tone produced under the best condi-
tions indicated only about 25 c.p.s. of relative frequency 
modulation at the power-supply frequency and its 
harmonics. The noise figure of the crystal mixer is, of 
course, very much less than that of the detectors. There 
is a limit to the gain which is useful in this system, too, 
because noise in the output terminals of the crystal 
mixer and in the i.f. amplifier gives rise to degenerative 
frequency modulation. Increasing the gain of the system 
beyond the point at which the residual deviations from 

other causes are smaller than those produced by this 
noise is of little value. 
The magnitude of the r.m.s. deviations in frequency 

because of this noise can be calculated. The total noise 
voltage in the output terminals of the mixer and in the 
i.f. amplifier may be considered to be caused by a noise.. 
voltage generator connected to the input terminals of 
a noise-free mixer and amplifier. The mean-square noise 
voltage of such a generator, when open-circuited, would 
be 

E 2 = 4kTNRB 

where k is Boltzmann's constant, T is the absolute 
temperature of the laboratory, N is the over-all noise 
figure of the mixer and i.f. amplifier actually used, R is 
the characteristic resistance of the wave guide, and B is 
the effective noise bandwidth of the stabilization cir-
cuit. The effective noise bandwidth is approximately 
the width of the frequency band in which the stabiliza-
tion factor is greater than unity. 

The presence of the noise voltage causes a fluctuation 
in frequency such that the i.f. voltage developed by the 
wave reflected from the cavity cancels out the i.f. noise 
voltage. The combination of r.f. signals on the r.f. side 
of the mixer crystal is equivalent to an r.f. signal gen-
erator having an open-circuit voltage given by 

207—R1'7,7:Q0a 
E,= 

P0(1 + a)2 

where Po is the power available from the attenuator at 
the input to the magic tee and dp is the difference be-
tween the oscillator frequency and the resonant fre-
quency of the cavity. Setting E, equal to (E,32 \ 1/2 /, the 
r.m.s. deviation caused by noise is found to be 

(42)1/2 =  kTNB yi2 (1+ a)2po 

2P0 amQo (14) 

In the experimental systems, N was about 10, B about 
10 kc., Po about 1 milliwatt, a about unity, m almost 
equal to unity, Qo equal to 25,000, and vo equal to 9000 
Mc. These values, used in (14), with kT taken as 
4X10-21  joules, give 6.5 c.p.s. as the r.m.s. frequency 
deviation caused by noise. This is somewhat less than 
the deviations observed at the power-supply frequency 
and its harmonics. Better filtering of the power-supply 
voltages and, perhaps, d.c. heater voltages might give 
some improvement. The power supplies used had about 
5 millivolts Of ripple per hundred volts. 

APPLICATIONS 

There are many uses for stabilized oscillators of this 
kind. They are very useful for laboratory measure-
ments of very highly resonant circuits because pulling of 
the frequency of the oscillator by the load circuit is 
greatly reduced, especially if the oscillator is fed into the 
stabilization circuit and the test circuit through a magic 
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tee. This reduces the effect of reflections in the test cir-
cuit on the power delivered to the stabilization circuit. 
The cavity of one of these circuits might be used as a 

device for measurement of very small thicknesses. A 
small distortion in the shape of the cavity produces a 
measurable change in the beat frequency of two stabi-
lized oscillators, and cavities that are very sensitive in 
this respect could easily be designed. The wavemeters 
used in the experimental systems changed frequency 
by 100 c.p.s. for a change in the position of the end plate 

of 10 angstrom units. 
Oscillators having such narrow-band output frequen-

cies as these could be used as carriers for voice com-
munication in narrow frequency channels. If the carrier 
frequency contains deviations from a discrete frequency 
of less than 100 c.p.s., as appears to be possible, a fre-

quency modulation producing a deviation of 100 kc. 
would give a transmitted signal-to-noise ratio of 60 db. 
A tremendous number of channels wide enough for such 
signals could be created in a microwave band only a 
few per cent in width. Another paper by the author 
will describe a special duplex communication system 
built up around these frequency-stabilization systems. 
These oscillators would also be useful in fundamental 

research on the interactions between gases and high-fre-
quency fields. There are several gases having quantum 
mechanical transitions giving rise to resonance absorp-
tion in the microwave region. The stabilized oscillators 
make possible investigation of the details of the struc-
ture of these absorption spectra, and ultimately one 
might use one such absorption line to obtain, with a 
stabilized oscillator, an absolute standard of frequency. 

Synchronization of Oscillators 
ROBERT D. HUNTOONt, SENIOR MEMBER, I.R.E., AND A. WEISSt 

Summary—A theory is presented which predicts the behavior of 
any self-limiting oscillator in the presence of an injected sinusoidal 
voltage or current of small but constant magnitude. The internal 
mechanism responsible for synchronization is not needed, and the 
theory is thus applicable to any source of alternating current. Experi-
mental verification of the theory is presented for the case of a low-

power Hartley oscillator operating at 11.5 Mc. 
The theory is extended to include the mutual synchronization of 

two oscillators of arbitrary properties, and applied to a number of 
examples to indicate briefly the properties of a synchronized oscilla-

tor when used as (a) a linear voltmeter for small voltages, (b) a field-
intensity meter, (c) a linear a.m. demodulator for small signals, (d) 
an f.m. demodulator, and (e) a synchronous amplifier-limiter. The use 

of a synchronized oscillator is of particular interest because micro-
wave generators can be used in addition to the more conventional 

triode oscillators. 

I. INTRODUCTION 

THE EARLY EXPERIMENTS of Vincent,' fol-
lowed by Appleton's' theoretical treatment, have 
led to a considerable interest in possible practical 

applications of the synchronization of oscillators.' Since 
the publication of these early papers, there has been a 
continually growing literature on the subject, with at-

* Decimal classification: R355.917. Original manuscript received 
by the Institute, November 27, 1946; revised manuscript received, 
April 1, 1947. Presented, I.R.E. District of Columbia Section, Oc-
tober 14, 1946, Washington, D. C.; and 1947 I.R.E. National Con-
vention, March 6, 1947, New York, N. Y. 
t Ordnance Development Division, National Bureau of Standards, 

Washington, D. C. 
1J. H. Vincent, "On some experiments in which two neighboring 

maintained oscillatory circuits affect a resonating circuit," Proc. Roy. 
Soc., vol. 32, part 2, pp. 84-91; 1919-1920. 
'E. V. Appleton, "The automatic synchronization of triode oscil-

lators," Proc. Comb. Phil. Soc., vol. 21, pp. 231-248; 1922-1923. 
. The term "oscillator" as used here means a source of harmonic 
vibration whose steady-state amplitude is limited to a finite value 
by some internal nonlinear characteristic. 

tention now primarily centered on (a) the use of an 
oscillator as a synchronous-amplifier limiter for f.m. 
reception, and (b) the use of a chain of synchronous 
oscillators to drive a linear accelerator for the produc-
tion of high-energy atomic particles. There are, of 
course, numerous other applications, some of which are 
discussed in the light of the theory which is the subject 

of this paper. 
Following Appleton, theoretical treatments of oscil-

lator synchronization have been concerned with the 
internal mechanism within a triode oscillator which 
accounts for synchronization. The phenomenon of syn-
chronization with a disturbance impressed from an ex-
ternal source is not limited to triode oscillators. Rather, 
any source of alternating e.m.f. whose frequency and 
amplitude are continuous functions of the load im-
pedance attached to it (the magnetron, for example) will 
exhibit similar behavior. It should thus be possible to 
discuss certain general features of synchronization 
without reference to the internal mechanism which ac-
counts for it. The theory so derived will be generally 
applicable to all types of oscillators. 
In a recent paper Adler' has developed a differential 

equation whose solution accounts for many of the ob-
served phenomena of synchronization. Again, the triode 
oscillator mechanism has been the basis of the discus-
sion. However, the scheme used by Adler can be ex-
tended in a manner which does not involve the particu-
lar generator. The result is a differential equation similar 
to his but more general. In addition, amplitude behavior 

as well as frequency behavior can be included. 

4 Robert Adler, "A study of locking phenomena in oscillators," 
PROC. I.R.E., vol. 34, pp. 351-357; June, 1946. 
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The performance of the oscillator is specified in terms 
of a set of compliance coefficients which show how 
amplitude and frequency depend upon the load im-
pedance. The values of the coefficients are not derived 
here but are assumed to be given as constants of the 
problem. They may be derived theoretically or meas-
ured for the particular oscillator. 
The injected voltage is considered as equivalent to 
the /Z drop on a fictitious increment in the load im-
pedance. The oscillator's frequency and amplitude shift 
in accordance with its compliance coefficients and the 
magnitude and phase of the incremental load imped-
ance. If the disturbance due to the injected voltage is 
small and its frequency is close to that of the oscillator, 
replacing the actual voltage by a fictitious impedance of 
varying phase and magnitude is valid and the syn-
chronization behavior can be calculated. 

II. SYNCHRONIZATION BY AN IMPRESSED VOLTAGE 

In the discussion to follow, complex quantities will 
be represented by boldface italic characters; quantities 
not so designated will denote absolute magnitudes. The 
factor 0" will usually be omitted. 

A. Compliance Coefficients 

Let Fig. 1 represent an energy source of the type 
which converts d.c. energy to a.c. energy, such as a 
typical triode oscillator or magnetron. We will be inter-
ested in two pairs of terminals. Those marked E-E are 
the output terminals of the device for delivering a.c. 

Fig. 1—Oscillator for synchronization studies. 

power to a load impedance ZL. The terminals A-A 
represent any pair of terminals which give a d.c. or a.c. 
indication of the amplitude of oscillation, such as grid 
bias or d.c. plate current. 

Assume that there are also available, when necessary, 
instruments which indicate either the voltage Vo across 
the load or current /0 through it. Let Vo and /0 be 
the initial values of these quantities when the oscillator 
is feeding its load circuit. Similarly, let F represent the 
frequency of the oscillator, and Fo its undisturbed value. 
When a small impedance z is added to the load, the 
frequency and amplitude change. The compliance coeffi-
cients are defined in terms of these changes; thus, 

OA 
A, 

ar L0 

aF 
F, = — 

or ,o 

aA 
A1= — — 

Ox 

OF 
F 5 =  --

ax  

(1) 

(2) 

where 

z = r jx.  (3) 

The negative sign in A. and F. is incorporated here for 
reasons of symmetry in later expressions. 
A and F are expanded in a Taylor series about A 

and Fo, keeping only first-order terms. This gives 

A - Ao = rA, - xA  (4) 

F - Fo = rF, - xF  (5) 

Complex compliance coefficients for amplitude, 
and frequency, CF., will be needed. These are 

and 

CA, 

CA = CACia = A,.  jA = N/A,2 eia  (6) 

• = Creis = Fr  iF5 = vF,2  ± F.2 eie. (7) 

B. Synchronization Equation • 

Let a small voltage be induced in the load circuit 
from an outside source. Assume the voltage is small 
enough so that the change in I can be neglected and we 
can, with sufficient accuracy, represent I by its initial 
value /0. We replace the induced voltage v by a small 
impedance z where 

V 
Z =-- —  e).. 

10 
(8) 

We may thus write, with the aid of (4) and (5) (keeping 
only real parts), 

and 

where 

A - Ao = C - AZ = 
CAV 

/0 
cos (4) + a)  (9) 

Cry 
F - Fo = CFZ =  cog.(0 ± 

ro 

tan a = 
A„ 

A, F. 
tan )9 — • 

F, 

(10) 

If the injected voltage v has the frequency F' and the 
instantaneous frequency of the oscillator is F, we can 
write 

and 

1  , 

—2 F - F  (F' - F 0) - (F - F 0)  (11) 7r 

Z = — e•  2 (''--Ft 
Jo 

=  eao(t). 
. 10 (12) 

If F' -F is not too large, the oscillator will follow 
the impedance changes as shown by (9) and (10). In 
particular, (10) gives 
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1 d4)  CFv 
-  = (F — F 0) —  cos (4) + 0),  (13) 
2.;   

a differential equation similar to that derived by Adler 
which shows how the beat frequency, if any, varies 

with time. 
Putting 

and 

F' — Fo = f 

CF.v 
—  = Kv 
10 

into (13) yields 

1 d4) 
27  = f — Kv cos (0 + /3). 
dl 

must be negative. Thus only values of (41+0) such that 
sin (4)+0) is negative lead to stable synchronization. 
Equation (18) shows that synchronization can be ob-

tained over a range of f such that 

— Kv <f < Kv, 

or, over a band of frequencies, 

= 2Kv.  (21) 

C. Amplitude Changes 

The quantity a= A — A 0 expresses the change of some 
convenient amplitude parameter, such as plate cur-
rent, in the presence of an injected voltage. It is evi-
dent from (9) and (10) that a and f are functionally re-

(14)  lated through the parameter 4). By defining new quanti-

ties 

It is immediately evident from (14) that the solution 
4)(t) is of a complicated periodic form when 

f2 > K 2v2 (15) 

and reduces exponentially to a steady value of 4) when 
f2 < K 2v2. (16) 

Condition (16) corresponds to synchronization between 
the injected voltage and the oscillator current at a fixed 
phase angle 4). Since we are interested primarily in 
synchronization, the solution of (14) subject to (16) is 
needed. It is 

cos 0 — cos (4, + 13) 

1 — cos (4) +  — 0) 

where 

— const. tr-2TV/Vv2 — f2 (17) 

cos 0 =   • 
Kv 

The steady-state value of 4) for large t is given by 

cos (4) ±  = - — • 
Kv 

(18) 

The equilibrium value is approached in such a manner 
that the time constant is approximately 

7 

2r-VK2v2 — f2 27•Kv sin 0 

There are two values of (0+0) which satisfy (18). 
One corresponds to stable equilibrium; the other to un-
stable equilibrium. From (14), 

—d (91 = Kv sin (4) + 13).  (20) 
r (1 2 4) 

For stability, 

d (4\ 

4\dt I 

5 = (4. + 13) 
P = (a — /3) 

we can write (9) and (10) in terms of dimensionless 

variables U, W, 

(22) 

u = — = cos 15  (23) 
CFI) 

aro 
IV  = cos (0  p),  (24) 

CAv 

from which it is evident that the form of the functional 
relation between a and f is independent of /0, v, CA, and 
C, for small disturbances. Elimination of 3 in (23) and 
(24) leads to the equation for an ellipse in the U, W 
plane, which degenerates to a line when p=0 or ir and 
into a circle when p= +r/2. 

+1 

W 0 

+1 

W 0 

+ 1 

W 0 

o +1 

fi = 0 

-1 o +1 

= +i 

p=+43 +71 

=-1 

—1  0  +1 

P=+-R 

N 
4 
STABLE 

UNSTABLE   
BEATS 

Fig. 2—Forms of the U-W curve in the region of 
synchronization. 
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Fig. 2 shows the U— W curves for several typical 
values of p. In most cases the frequency of an oscillator 
depends more upon the reactance of the load than upon 
its resistance. Thus p will generally be nearly—v/2 
and the U— W curve almost a semicircle. In the figure 
the broken line shows the condition of unstable equi-
librium, the solid line shows stable equilibrium, and the 
vertical lines indicate the region of beats outside the 
synchronization band. 
It is important to note that, no matter what the value 

of p, the maximum absolute value of a is the same and is 
given by • 

C AV 
amax =  • 1.0 (25) 

Thus, if the frequency of the injected voltage is swept 
across the synchronization band of the oscillator, there 
will be a pulse of voltage or current (depending upon the 
quantity represented by a) whose peak value is inde-
pendent of p. 
From (21), (23), (24), and (25), we see that 

Af  2C, 
, 

amax  CA 
(26) 

which shows that the synchronization bandwidth is 
proportional to ar„„., or, from (25), to the injected volt-
age v. It is often convenient to use a„,. as a measure of 
v without measuring v. The bandwidth of synchroniza-
tion can then be predicted directly from (26). 

III. EXPERIMENTAL MEASUREMENTS 

In order to check the foregoing theory, experimental 
measurements were made on a small Hartley oscillator 
operating at 11.5 Mc. R.f. voltage for injection was 

6.6 

Fig. 3—Circuit diagram of the test 
L 3.9,h. 
L1 5.5 µh. 
Le coupling coil 
R1 1.0 megohm 
R2  15,000 ohms 

radio-frequency plate-
voltage meter 

M 2  d.c. grid-voltage meter 
212  plate-current meter 

TO DRIVING 
OSCILLATOR 

C 

e 

oscillator. 
C1 0.001 pfd. 
C2  0.0001 pfd. 
Cs 0.00007 Aid. 
Cs 0.0002 Add. 
rn.series resistance 
x..series reactance 

RFC-2.5 mh. 

supplied by a push-pull power oscillator operating at 
ten times the plate voltage of the small oscillator and 
very loosely coupled to it inductively. 
Fig. 3 is a circuit diagram of the test oscillator show-

ing the method of voltage injection and a diode for 
measuring r.f. plate swing. It will be noted that the 
plate coil has been used for the load ZL and that the 
synchronizing voltage is induced in it. 

> 

4. 

3 

2 

0 30 

40 

5.0 

J 

) 

0.0 

0.0 

0.0 

• 

Eo 

- 
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AT r :9 5 OHMS X. -22 6 OHMS ) 
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\ \ N • 
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A x • -0.026 VOLTS/OHM 

I  I 
10 r(OHMS) 12 

-21  -22 m0tees1-23  -24 
14 
-25 

6 
In 

4 6 

4 

0 

0 

Fig. 4— Experimental curves for evaluation of A, and A.. 
(Use left ordinates for A,, right ordinates for 4,.) 

The compliance coefficients were measured by insert-
ing capacitors x and resistors r in series with the plate 
tank coil. To allow measurement on both sides of the 
operating point, this point was specified to be r=9.5 
ohms, x= —22.6 ohms. 
Fig. 4 shows the experimental curves from which 

A, and A. can be obtained. From them we observe that 
the compliance coefficient CA has the value 

30 

tf 20 

30 

AT "95  OHMS, X.-22.6 OHMS 
Fr • - 2.76 KC/OHM 

AT X• -22 6 OHMS, r .9 5 OHMS Fx • • 10.5 KG/OHM 

10 MIMS/ 12 
-21  -22 X(OHMS)-23  -24 

Fig. 5— Experimental curves for evaluation of 
-25 

F, and 

CA 1.03 volts/ohm 

a = — 1.5 degrees. 

Fig. 5 shows similar curves for the evaluation of Cp. 
The appropriate values are 

Cr = 10.8 kc./ohm 

0  + 105 degrees. 
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Calculation of the expected bandwidth of syn-
chronization from these values gives 

_ 2C, 
— —  — 21 kc./volt. 

ai m =  CA 

Fig. 6 shows the experimental curve of bandwidth of 
synchronization as a function of ainu . The slope of the 
curve at the origin is 20.6 kc./volt, in good agreement 
with the expected value. Note also that the curve is 
linear over the range of voltages used. 

60 

40 

0 

2 
1 

10  20 3 L  40 

11,4Ax  IvoLysi 

Fig. 6—Experimental determination of bandwidth of synchroniza-
tion in terms of injected voltage as measured by an.z. The slope 
of the curve is 20.6 kc./volt. 

Fig. 7 shows the result of an experimental measure-
ment of the relation between anmx and v. We note again 
that the relation is linear over the range investigated. 

30 

20 

0 

10  20  30  40 

DRIVING OSCILLATOR  VOLTAGE- PROPORTIONAL UNITS 

Fig. 7—Relation between a. and injected voltage. 

For this oscillator p= —106.5 degrees, and the U— W 
curve should be nearly a semicircle. Fig. 8 shows the 
exact form of the U—W curve for p= —106.5 degrees 
(solid line) and the measured curve when sweeping the 
power oscillator from high to low frequency across the 
band (solid dots). To check for possible hysteresis the 
curve was measured again, sweeping from low to high 
frequency, with results shown by crosses. The injected 
signal was increased from arnax=0.92 volts to 42r,..=4.9 
volts and the curves were repeated to observe the effect 
of a large signal. Results are given by triangles (low to 
high frequency) and circles (high to bow frequency). 

There is no evidence of hysteresis, although its presence 
has been mentioned in Appleton's studies. 

OW 

Fig. 8—Experimental and theoretical U-W curves for the test oscil-
lator. Solid line: theoretical curve for p= —106.5°). 

a„.  Solid dots: experimental values sweeping from high to low 
frequency. 

0.92  Crosses: experimental values sweeping from low to high 
frequency. 

Circles: high to low frequency. 
4.9 
volts  Triangles: low to high frequency. 

volts 

IV. MUTUAL SYNCHRONIZATION OF Two OSCILLATORS 

Consider two oscillators of the form shown in Fig. 1 
and let them be coupled by a mutual impedance 

Z12 = Z12ei.ts.  (27) 

Let the two systems to be identified by subscripts 1 and 
2. The coupling is assumed to be arranged so that the 
coupled voltages are induced in the load impedances Z L 

of each system. 
Both Z12 and 442 will, in general, be functions of fre-

quency. To simplify the present discussion, we assume 
that this dependence can be neglected over the narrow 
range of frequencies covered by the synchronization 
band. 
Since we are interested only in synchronization we as-

sume that both oscillators are synchronized at fre-
quency F, and that their undisturbed frequencies are 
F01 and F 02, respectively. 
In order to specify phases we refer all phases to the 

current /01 in the load of oscillator 1. We will seek the 
value of the phase angle 012 between the currents 
/01 and /02. We write (omitting the term en*F1) 

/01 = fool° 
/02 = 102012 

VI = viel.1  (28) 

1/2 =  the i(012-1-02) 

Z 12  Z12 0441. 
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Now, 

whence 

Also, 

whence 
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V1 =  1 02 Z12 =  1.02 Z12e1(012+012), 

v = 102%12 

012 +  4'12 —  qi + 2nr. 

V2 =  1 01 Z12 =  .10 212e 7.12 , 

v2 = /01Z12 

442 = 012 +  + 2 Mr. 

We will drop the 2n2r, since it has no further interest. 
Each of the oscillators will react to the injected volt-

age it sees, independently of the other oscillator. Thus, 
we write two equations like (10) and get 

F — Flo = 

F — F2o = 

CF 1V1 

1.01 

CF2V2 

102 

cos (4,1 Pi) 

cos (02 + 132) • 

(33) 

, (34) 

These we can combine, with the aid of (29), (30), (31), 
and (32), to get 

F20 — F10 = 
/01 

[cos (012 + 012 + 

CF2 ( I01 ) 2 

—  —  —  cos ("- 6 12 +  4,12 +  02) ] 

cp1  102 
(35) 

which is an equation involving 012 as the only unknown. 
We observe immediately from (35) that both oscil-

lators contribute to the bandwidth of synchronization. 
To see the effect more clearly, we write 

and get 

CF2Vi 
F2P—F10= 

101 

where 

(13 =  (0 12 ±  012 +  /30 

= — (B, + B2 + 24,12) 

CF2 101 2 
k = — 

CF1 \I0 / 2 

(36) 

[V/1+k2-2k cos E, cos et+ to]  (37) 

— k sin el 
tan E2 =   

1 k cos e, 

From (37) we see that the two oscillators synchronize 
over a band of frequencies Af12, given by 

Af12 = LifiV1  k2 — 2k cos El.  (38) 

December 

If oscillator 2 is much more powerful than oscillator 1 
but otherwise identical, k will be very small and hifn 
becomes equal to Afi. 
From this it can be seen that it is important to have 

the driving oscillator more powerful than the test oscil-
lator when making synchronization measurements. If 
the two are identical, k will be 1 and the band of syn-
chronization can vary from 0 to 2,6;f1, depending on 
E1. 
The allowed values of 4:0 and hence of 012 can be ob-

tained from (35), (36), and (37) when the necessary 
parameters are given. 
In a similar manner the equations can be extended to 

inaude the case of N oscillators acting upon one another. 

V. APPLICATIONS 

Several interesting applications of the synchronized 
oscillator, some of which have been described elsewhere, 
may be studied with the aid of this theory. In.the fol-
lowing no attempt has been made to make an exhaustive 
study of any particular application, but rather to indi-
cate as a basis for further investigation some interesting 
applications of the synchronized oscillator. 

A. Linear R.F. Voltmeter 

It has been shown that am, is proportional to v and 
independent of CF, a, or 13, and therefore a synchronized 
oscilator can be used as a linear votmeter giving a d.c. 
indication of the amplitude of the injected a.c. voltage. 
The use of a synchronized oscillator provides a linear 
voltmeter for small voltages at any frequency for which 
an oscillator can be constructed, including the micro-
wave region, since the treatment is not confined to tri-
odes and lumped circuit elements. 

If V is the c.f. voltage (peak) on the load impedance 
ZL, then 

and 

an,„x = CAZL -- • 
V 

Typical values measured on the experimental oscillator 
are C4=1.03 volts/ohm, ZL =236 ohms, and V=47 
volts. Whence 

(39) 

am. = 5 2v , 

indicating ,that this oscillator-voltmeter gives about a 
five-fold amplification of the voltage to be measured. 
If the oscillator is properly designed it will be found 

that, to a good approximation, 

CA SV 

Ai, here S is a constant of proportionality. We can then 
write 

amaz = SZLV 
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and note that an,&x is independent of V, or that the cali-
bration of the voltmeter is independent of the power-
supply voltage driving it. To demonstrate this, the test 
oscillator was used to measure a fixed injected voltage 
while its own power-supply voltage was varied from 105 
to 225 volts. The result is shown in Fig. 9. By careful 
design the dependence on power-supply voltage can be 
further reduced. One of our test oscillators showed no 
measurable change in reading. 

50 

20 

1.0 

0 
100  150  200 

OPERATING POINT 
TEST OSG,LLATOR 

1111... .11111 

250 

POWER  SUPPLY  VOLTAGE  Ebb  

Fig. 9 6 z as a function of test oscillator Ete for fixed 
injected voltage. 

While we have been concerned with the behavior of 
the oscillator under small disturbances, we have seen 
that the device is linear for ar„,„, up to 2.5 volts and 
therefore for injected voltage of 0.5 volt. Higher volt-
ages can be handled by more powerful oscillators, but 
it must be remembered (as seen in Section IV) that the 
source of the voltage to be measured must have a higher 
power than the test oscillator to avoid complications. 
If the frequency of the injected voltage cannot be 

varied across the synchronization band of the volt-
meter, the frequency of the voltmeter can be varied 
across the synchronization band by a small variable 
capacitor. The d.c. grid bias or other amplitude indi-
cator can be coupled through a blocking capacitor to a 
peak voltmeter. As the voltmeter-oscillator is wobbled 
back and forth across the frequency of the injected volt-
age to be measured, a pulse will be observed whose peak 
value is au,.. From this pulse the size of the injected 
voltage can be calculated. 
It should also be noted that the synchronized oscil-

lator can be used, as done by Appleton,* to measure 
small voltages by determining the bandwidth of syn-
chronization, which is also linearly related to v by the 
relation 

VZ1. 
= 2C,  • 

V 

B. Field-Intensity Meter 

The voltmeter properties of the synchronized oscil-
lator lend themselves nicely to the measurement of field 
intensity at any frequency for which an oscillator is 
available. Appleton used the synchronization bandwidth 
of an oscillator to measure field intensities. It is pro-
posed here to use the voltage changes directly, instead 

of the synchronization band, largely because the power-
supply variation no longer enters the calculation and 
frequency measurements are not needed. 
Assume that a small oscillator, like that of Fig. 1, 

is available and that the grid bias is to be used as 
indicating voltage. An antenna is coupled to the load 
ZL so that its radiation resistance appears as RA in 

that load circuit. 
If the antenna is in an r.f. field of E peak volts per 

meter, whose strength is to be measured, the field will 
induce a voltage v (as already defined) in the load im-
pedance ZL of which the antenna is now a part. The 
magnitude of v can be shown to be 

v= X —  —  jut) 
,.,4/  

120 

where G is the gain referred to an isotropic radiator and 
f(0) is the normalized electric-field radiation pattern of 

the antenna. 
CA and S should be measured about an operating 

load including the R. of the antenna used. If a tuning 
capacitor in the oscillator is wobbled back and forth 
through the synchronization region, a pulse of peak 
value a.,„„1 will be observed, as in the case of the volt-
meter. From its magnitude the strength of the field E 

can be calculated. • It will be 

7  amax  / 120 
E = — —  • 

X SZ L R.G 

(40 ) 

(41) 

The sensitivity of the field-strength meter will de-
crease with decreasing X, but at the higher frequencies 
an increased gain G can be used to compensate for the 

loss. 

C. Linear A. M. Detector 

The synchronized oscillator can be used as a linear 
demodulator for amplitude modulation by taking the 
intelligence-frequency component from the A terminals. 
In this application it will be best to use an oscillator 
which has p-T-7/2 so that the U—W curve is nearly 
a semicircle. This will be true if the signal is injected 
into the plate or grid circuit of a class-C oscillator, 
and the output is read from the d.c. grid bias. It will be 
necessary to have sufficient signal strength so that the 
synchronization band will include all the sideband fre-

quencies. 
To achieve this it appears reasonable to require that 

the time constant of the device be short compared to 
the shortest period of the modulation to be received. 
We have seen in (19) that the time constant is approxi-

mately 

1  1 
7 =     •  (42) 

irg sin 
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Sin 4, is unity near the center of lock-in where f is 
nearly zero. Thus the requirement that r be short com-
pared to 1/f..., where f. is the highest modulation 
frequency to be reproduced, means that 

or that 

1  1 

rAf  fr ax 

rtif >> (43) 

From this we conclude that the signal used at the 
demodulator must be large enough to give a syn-
chronization bandwidth of at least 30 kc. in order to 
give faithful reproduction of 10 kc. modulation. 
If the synchronized demodulator is used it will have 

the advantage not only of linearity, but it can also 
give a demodulation voltage amplification, as shown in 
(39) et seq. 

When nearly 100 per cent modulation is used the 
device will lead to distortion of a peculiar form because 
synchronization may be lost when the signal is small 
near the peak of modulation. However, the synchro-
nized oscillator-demodulator appears to present. interest-
ing possibilities worthy of further investigation. 

D. F.M. Discriminator 

If the oscillator circuit is arranged so that p=0 or 7r, 
the synchronized oscillator can be used as an f.m. dis-
criminator-demodulator. Reference to Fig. 2 shows 
that, under these conditions, the U— W curve is a straight 
line with U=0 at center frequency. 

One way of achieving this is to couple an auxiliary 
resonant circuit to the test oscillator and inject the 
synchronizing signal into this auxiliary circuit. The out-
put can be taken from the d.c. grid bias of the oscillator 
or from a diode connected across the resonant circuit. 
Fig. 10 shows the auxiliary resonant circuit and the 
coupling to the driving oscillator used in the experi-
mental tests. 

TE ST 

OSCILLATOR 

6R6 

PA, 

DRIVING  OSC 

C, • 000 1/a 

CV.0010,0 

kle METER 

Fig. 10—Auxiliary resonant circuit to obtain behavior 
characteristic of 

If the resonant circuit is properly detuned (about 
70 per cent of resonance voltage), resistance and/or 
reactance added in the auxiliary circuit appear as re-
actance and/or resistance in the oscillator load circuit. 

If in the original oscillator p= ±T/2, it will appear to be 
p=0 or ir when the auxiliary circuit is added and the 
desired result is attained. 

Fig. 11 shows three U— W curves taken from the diode 
across the resonant circuit; for exact resonance of the 
diode circuit, 100 per cent; detuned to 70 per cent of 
resonant voltage, and detuned to an intermediate 
value, 90 per cent. The linear U— W curve desired was 
achieved at the 70 per cent detuning adjustment. 

Fig. 11—Experimental U-W curves taken from auxiliary resonant 
circuit. (Percentages refer to resonant voltage on auxiliary cir-
cuit.) 

When the arrangement described above is used as a 
discriminator, a will be zero at the center frequency, and 
the device is thus insensitive to amplitude modulation 
in a manner similar to a balanced discriminator. 

E. F.M. Synchronous Amplifier-Limiter 

In this application the oscillator is locked to an f.m. 
signal. It follows the frequency variations without seri-
ous amplitude change, and hence becomes a combined 
amplifier and limiter. It has been discussed previously 
in the literature.6 

If the synchronized oscillator is capable of following 
the frequency deviations, the response to an f.m. signal 
of the form 

J(t) = Jo sin 2rf „,t 
will be a solution of 

1 chk  Cpv(t) 
27  +  cos + = f(t) 

(44) 

(45) 

where v(t) represents any amplitude modulation of v 
that may be present. Direct integration of (45) is compli-

g C. W. Carnahan and H. P. Kalmus, "Synchronized oscillators 
as frequency-modulation receiver limiters," Electronics, vol. 17, pp. 
108-112; August, 1944. 
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cated and need not be performed to the approximation 
needed here. It will be recalled that ct, responds to 
changes in f and v with a time constant r given by (19). 
If the changes in f or v occur in a time long compared 
with T, the oscillator is essentially in equilibrium at each 
instant, and a succession of steady-state solutions for 
various fixed f is a good-enough approximation to the 
actual solution for varying f. If the injected voltage v 

is always so large that 

Kv = nfo;  n> 1,  (46) 

then 

1 

240N/n2 — 1 

Since it is standard practice to have fo>5f„„ it is 
evident that the time constant is short compared with 
the frequency-modulation period 1/f„, and the equilib-
rium solution (18) is a reasonable approximation. 
Similar arguments hold for changes in v, but we are not 
not interested in amplitude modulation here, and will 
henceforth assume v to be constant. 
We see from (18) that changes in f will produce 

changes in 4), so that an additional phase modulation 
will be added to the impressed signal. This implies that 
dO/dt00, in contradiction to the original assumptions 
made in solving (14) to get (18). The correction will be 
small if the frequency variations are slow, and it can 
be shown that the distortion will be negligible if 

• Kv 2fo. 
Amplitude changes in v will also lead to phase modula-

tion. However, if Kv is kept somewhat larger than fo, 
the phase is relatively insensitive to voltage changes 
and the distortion arising from amplitude modulation is 

thereby minimized. 
If the criterion Kv=2f0 is set as a design center, the 

voltage amplification achieved by the use of the syn-

chronized oscillator will be 

V  CrZi 
—    

2f0 

To estimate the order of magnitude of the gain that 
may safely be used, assume (a) that a single LC circuit 
is controlling the oscillator, (b) that the voltage V is the 
one across the entire inductance of the oscillating circuit, 
and (c) that v is injected into this inductance. Then 

1 
Cp —   (49) 

471. 

This gives 

(47) 

(48) 

V 

4/0 

If the oscillator frequency is 10 Mc. and fo is 100 kc. 
the maximum voltage amplification of the device can 
be about 25. Of course, if the voltage across a part of the 

tank inductance is used, as in the experiments already 
described, the gain is correspondingly reduced. How-
ever, gains of 10 or more should be readily obtainable. 
Also, the voltage v may be injected into the grid circuit 
of the oscillator and the gain of the tube used to increase 
the voltage seen in the tank circuit. Equation (49) 
refers only to the voltage v injected into the oscillating 

circuit which controls the frequency. 
Unless there is some amplitude-regulating device oil 

the synchronized oscillator, there will also be an ampli-
tude modulation in its output. The magnitude of the 
effect can be calculated from (9) and (24). It is usually 
small enough to be neglected. 

VI. CONCLUSION 

Although the theory and experiments just described 
have been discussed in terms of a conventional self-
limiting source of alternating e.m.f., the concepts in-
volved are quite general, and with appropriate redefini-

tion of symbols the equations can apply equally well to 
any source of harmonic disturbance, electrical, electro-
magnetic, mechanical, or acoustical, singly or in com-
bination. The self-limitation implies that some non-
linear element is present to limit the amplitude of oscil-
lation. A truly linear oscillator will not exhibit syn-
chronization effects. It will, however, not appear in 

practice. 
We may then conclude that any source of harmonic 

disturbance whose steady-state frequency is a continu-
ous function of the load applied to it, and whose fre-
quency can shift with sufficient rapidity, will exhibit 
synchronization behavior when a harmonic disturbance 
is impressed upon it from an external source. If the 
amplitude of the device is also a function of its load, 
then it will exhibit a characteristic amplitude variation 
in the synchronization region. We may also conclude 
that the source will synchronize with an impressed 
disturbance, however small, if the frequency of the out-
side disturbance is close enough to that of the undis-
turbed source. 
It is important to remember that the properties of the 

external source, supplying the synchronizing signal and 
the coupling impedance, are important in determining 
the bandwidth and phase of synchronization. If there is 
a considerable disparity in the power output of the 
two sources, the weaker determines the synchronization 
properties of the system. If the power outputs are nearly 
equal, both sources contribute almost equally to the 

synchronization properties. 
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Reflex Oscillators for Radar Systems* 
J. 0. McNALI Xt, SENIOR MEMBER, I.R.E., AND W . G. SHEPHERDS, ASSOCIATE, I.R.E. 

Summary—The advantages to be gained in the operation of radar 
systems at very high frequencies have led to the use of frequencies 
of several thousand megacycles. Operation at these frequencies has 
imposed serious problems in obtaining suitable tube behavior. Be-
cause of the difficulty in obtaining amplification at the transmission 
frequency, the r.f. section of the usual radar receiver consists of a 
crystal converter driven by a beating oscillator and operating directly 
into an i.f. amplifier. Since the midband frequency of the latter has 
commonly been either 30 or 60 Mc., it has been necessary to provide 
beating oscillators operating at frequencies differing from those of the 
transmitter by only a few per cent. 

For radar systems intended to operate at approximately 3000 
Mc., which were under development in the early days of the war, it 
was found that triodes then available gave unsatisfactory perform-

ance. Attention shifted to the possibility of using velocity-modulated 
tubes, and the particular form known as the reflex oscillator came 
into general use. 

In this paper the requirements on beating-oscillator tubes for ra-

dar systems will be discussed, and the design features which have 
made the reflex oscillator eminently satisfactory in this application 
will be pointed out. Problems encountered in such oscillators will be 
outlined, and the solution in a number of cases is indicated. In some 
instances military requirements and expediency were in conflict with 
the optimum performance, and hence certain compromises were nec-
essary. 

REQUIREMENTS ON A BEATING OSCILLATOR 
FOR RADAR SYSTEMS 

Power Output 

VACUUM-TUBE converters, requiring about 100 
milliwatts of beating-oscillator power, were early 
abandoned in favor of crystal converters. Al-

though the power required by a crystal converter for 
good performance is about 1 milliwatt, attenuation of 
the order of 13 db is commonly inserted between the os-
cillator and the crystal to reduce the effect of variations 
of the load on the oscillator. For this reason it is gen-
erally desirable to provide a minimum beating-oscillator 
power of about 20 milliwatts. 
Frequently, tubes designed as beating oscillators are 

also used as signal generators for field and laboratory 
test equipment. For these purposes it appeared that a 
power output of 50 milliwatts would meet most needs. 

Low-Voltage Requirements 

Early velocity-modulated tubes operated at high 
voltages, with all the attendant disadvantages. The ad-
vantages of being able to operate the beating oscillator 
from the same voltage sources as the i.f. amplifier were 
apparent, and accordingly it became the practice when-
ever practical to design reflex oscillators for 300-volt op-
eration. 

• Decimal classification: R355.912.3 X R537.121. Original manu-
script received by the Institute, July 10, 1946; revised manuscript re-
ceived, May 5, 1947. 
t Bell Telephone Laboratories, Inc., New York, N. Y. 
$ University of Minnesota, Minneapolis, Minn. 

Tuning 

The problems of frequency stability encountered in 
radar systems operating at several thousand megacycles 
are quite different from those in radio communication 
transmission and reception. In existing radar transmit-
ters a frequency shift may be caused by thermal expan-
sion of the resonant elements of the magnetron cavity. 
In. addition, frequency pulling may result from the 
presentation to the magnetron of load variations which 
are caused by imperfect matching of rotating or moving 
joints. At a frequency of 10,000 Mc., for example, the 
expected frequency shift caused by temperature effects 
on the magnetron may be of the order of 20 Mc. per 
100° C. change in resonator temperature. To this, 5 or 
10 Mc. may be added for frequency pulling by varia-
tions in the load. Since the pass band of the i.f. amplifier 
may be 3 Mc. or less it is evident that, if the received 
signal is to be held well centered in the i.f. band, auto-
matic frequency control of the beating oscillator is es-
sential. The reflex oscillator is particularly well suited 
to automatic frequency control, and has been widely 
adopted. 

Simplicity in operation of the reflex oscillator arises 
from a number of properties. A single resonant element, 
and the fact that a vernier frequency setting and feed-
back control are obtained by adjustment of the repeller 
or reflector voltage, are major features in this simplifica-
cation. Frequency adjustment by the repeller voltage 
requires a negligible amount of power and, for practical 
purposes, is free of inertia effects, permitting extremely 
rapid frequency correction. 

OPERATION OF THE REFLEX OSCILLATOR 

External-Cavity Type 

Fig. 1 shows an X-ray view of the Western Electric 
707A, which was the first reflex tube used extensively as 
a beating oscillator in 3000-Mc. radar systems. This 
tube, designed for the application of an external reso-
nator, has two copper disks extending through the glass 
envelope, to which the external resonator, sketched in 
Fig. 1, is attached. Two grids, mounted over holes in the 
disks, permit electrons to pass through the resonator on 
their way into the retarding electric field between the 
resonator and the repeller, the latter electrode being 
maintained at a negative potential with respect to the 
cathode. 

In operation, electrons leaving the cathode are 
formed into a cylindrical beam by the beam-forming 
electrode, held at cathode potential, and by the positive 
grid G1 maintained at the positive potential of the reso-
nator. As the electrons pass through the resonator from 
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the cathode, the high-frequency field between the grids 
GI and Gs superimposes a sinusoidally varying compo-
nent of velocityon the stream velocity, determined by the 
d.c. potential of the resonator. Since as many electrons 
are speeded up by the same amount as an equal number 
are slowed down, the work done on the outgoing stream 

COPPER DISCS 

PISTON 

BEAM 

ELECTRODE  - 
FORMING 
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c, 

L 

OUTPUT 

CATHODE 

Fig. 1—X-ray view of a W.E. 707A tube. A method of mounting an 
external resonator on this tube is indicated. 

by the field is zero to a first order. During the excursion 
of the electrons in the retarding field of the repeller space, 
the slower electrons tend to catch up with the faster 
ones to produce groups or bunches of charge in the re-
turning stream. The phase at which the bunches return 
is controlled by an adjustment of the repeller voltage. 
In general, the returning electron stream produces an 
admittance across the gap which, depending on the 
phase of arrival, may be real or complex and with the 
real component positive or negative. It can be shown' 
that a pure negative conductance will appear when the 
transit angle 0, which is the phase difference in the r.f. 
gap voltage between the leaving and returning times of 
an electron whose velocity is unmodulated by the gap, 
is given by 

= (n  3/4)2T  (1) 

where n is 0, 1, 2, 3, etc. It is evident that there can be 
a number of repeller voltages or modes for which oscil-
lation at the frequency of the resonator will exist, cor-
responding to the different values of n. 
If the repeller voltage is varied from the values which 

give pure negative conductance across the gap, it is pos-
sible to introduce positive or negative susceptance com-
ponents which decrease or increase the frequency from 
that of the resonant frequency of the cavity alone. By 
suitable design the frequency may be varied over a suf-
ficient range to follow the frequency deviations in the 

J. R. Pierce, 'Reflex oscillators," PROC. I.R.E., vol. 33, pp. 112-
118; February, 1945. 

radar transmitter, as well as to compensate the changes 
in frequency in the beating oscillator, caused, for ex-
ample, by frequency drifts resulting from thermal 
changes. This frequency control of the reflex oscillator 
is called electronic tuning. It is frequently specified 
quantitatively as the frequency change between the two 
repeller voltages of a given mode which reduce the power 
output to one-half of the maximum value. 
The electronic tuning for the 707A tube working at 

3300 Mc. into a typical resonator is 20 Mc. Other typi-
cal performance data are as follows: 

Resonator voltage  = 300 volts 
Repeller voltage  = — 145 to —230 volts 
Cathode current  =  35 milliamperes 
Drift angle  =  5.57r radians 
Power output at 3300 Mc. = 125 milliwatts. 

By the use of an external resonator of the type which 
has been sketched in Fig. 1, it has been possible to pro-
vide a frequency range with the 707A tube extending 
from 1150 to 3750 Mc. A typical cavity used in a radar 
application is shown in Fig. 2. Here the resonator fre-
quency is varied by means of plugs screwed into the cav-
ity to change the effective inductance. 

Fig. 2.—W.E. 707A tube with typical resonator. A part of the 
resonator is shown attached. The other portion, containing the 
output coupling, is also shown. Frequency adjustment, exclusive 
of that produced by variations of the repeller voltage, is made by 
plugs screwed into the cavity. 

The power output is taken from the resonator by 
means of a loop mounted in the part of the resonator 
external to the tube. This loop can be adjusted within' 
the cavity to afford the optimum coupling at the desired 
frequency. With proper precautions taken to prevent 
leakage of radiation, the loop may be insulated from the 
cavity. 
The 707A tube had a very undesirable frequency shift 

with temperature, caused by relative motion between 
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the two resonator-grid frames. A reshaping of one of the 
• frames minimized this shift, and the modified tube has 
been given the code number 707B. 

INTEGRAL-CAVITY REFLEX OSCILLATOR WITH 
EXTERNAL TUNING CONTROL 

Early military experience with the 707-type tube 
disclosed the fact that the externally applied cavity re-
sulted in difficulties with oscillator installation under 
field conditions. Corrosion of cavities and copper flanges 
occurred which resulted in poor electrical contact be-
tween cavity and flange. The adjustable coupling ob-
tainable with an external cavity, although desirable in 
laboratory oscillators operating over a wide frequency 
range, sometimes proved a handicap in the field where 
personnel was not thoroughly experienced in the tech-
niques of manipulation. There was small need for ad-
justable coupling over the relatively limited frequency 
ranges used in any single radar system. 

The externally applied cavity-type of structure was 
not well suited for operation at frequencies of the order 
of 9000 Mc., where emphasis was next placed. Difficulty 
in producing the narrow grid-gap spacing with a suffi-
ciently high degree of accuracy, glass losses in tAe reso-
nator, and the problem of providing an external cavity 
with sufficient tuning range which would operate in the 
fundamental mode, were all factors which led to a de-
sign in which the resonator was made integral with the 
vacuum envelope. In this design, tuning is accomplished 
by deforming one of the resonator walls and thereby 
varying the capacitance of the resonator gap. In exter-

nal form this design became the prototype for a series 
of oscillators which, in combination, cover a large part 
of the frequency spectrum from 2500 to 10,000 Mc. 
Typical of these tubes is the Western Electric 2K29 

tube shown in Fig. 3. This tube is designed to cover a 
frequency range from 3400 to 3960 Mc. A flexible dia-
phragm supports one of the cavity grids and the housing 
containing the repeller. The tuning mechanism consists 
of a tuner strut on one side of the tube which restricts 
vertical motion. On the opposite side are a pair of de-
formable spring-steel strips which are fastened together 
at the two ends. These are spread apart by a combina-
tion right- and left-handed screw which turns in two 
corresponding threaded nuts mounted on the center of 
the strips. Separation of the strips at the center results 
in a vertical shortening of the combination which re-
duces the spacing between the resonator grids. It is of 
interest to note that a 1-mil change in the grid spacing 
changes the resonant frequency by approximately 100 
Mc. 

The frequency range over which a given tube will de-
liver more than a specified amount of power is less in a 
tube tuned by variation of the gap capacitance than in a 
similar tube with a fixed gap and variable-inductance 
tuning. It can be shown that the power output into a 
useful load is 

(five \ 
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Fig. 3—External and cut-away views of all-metal mechanical!), tuned beating oscillators. The left-hand views are for a 21(29 showing 
oscillator, showing the bow construction for mechanical tuning. The frequency range of this oscillator is 3400 to 3960 Mc. The right-
hand view shows a cut-away section of the 726B beating oscillator. The frequency range of this oscillator is from 2880 to 3170 Mc. 
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where 
J1= the Bessel function of the first order in the argu-

ment indicated 
/0= the direct stream current 
0= the repeller drift angle 
Vo = the d.c. resonator potential in volts 
V = the r.f. peak voltage across the gap 
# = the beam-coupling coefficient, i.e., the ratio of 
the peak amplitude of the velocity modulation 
produced at the gap, expressed in volts, to the 
r.f. gap voltage 

GR = the conductance representing the resonator 
losses. i - 

1
 The beam coupling coefficient for a plane-parallel gap is 
given by 

sin 0,12 
=   

0,12 
(3) 

where 0„ is the transit angle across the resonator gap. # 
has a maximum value of unity for 00=0, and declines 
monotonically to zero for 09=27r. The variation of the 
bracketed quantity with  is small, so that the principal 
variation arises from the factor #2 multiplying this 
bracket. #, therefore, should be as large as possible, 
which requires a close gap spacing. However, the reso-
nator losses vary inversely with some power of the gap 
spacing, so that too close a spacing will increase GR and 
thereby reduce the power output. An optimum gap spac-
ing therefore exists at which maximum power output is 
obtained. The exact value of this gap spacing or transit 
angle depends upon whether the losses are principally 
in the inductive or capacitive portion of the resonator. 
The gap transit angle may be expressed as 

1.06 X 10-7 .d 
0, =   

/ fro 

(4) 

where d is the distance in centimeters between the grids, 
and f is the frequency of oscillation. In order to maintain 
a fixed beam-coupling coefficient, the gap spacing should 
be made smaller as the frequency is increased. It is 
therefore apparent that, whether tuning is accomplished 
by capacitive or inductive variation, the optimum mod-
ulation coefficient cannot be maintained throughout the 
frequency range. With capacitance tuning the gap spac-
ing increases with frequency, so that the performance 
drops off rapidly at the high-frequency end because of 
the declining modulation coefficient. In an oscillator 
tuned by inductance variation the gap remains fixed, so 
that this effect is less severe. 
The need for maintaining sufficient electronic tuning 

throughout the useful frequency range imposes special 
design requirements on the reflex oscillator. A shift of 
the oscillator frequency requires the introduction by 
the action of the electron stream of a susceptance corn-

ponent in the electronic admittance which is equal and 
opposite to the off-resonance susceptance of the res-
onator. The susceptance near resonance of a simple 
tuned circuit is given approximately by 

b = 2C0ffbao  (5) 

where Aro is the shift in radian frequency from the value 
at resonance, and Coff is the effective capacitance. Both 
the tuned-circuit susceptance and the electronic sus-
ceptance decrease with increase in gap spacing. How-
ever, the rates of change of the two susceptances differ. 
Maximum electronic tuning occurs at the gap spacing 
where the ratio of electronic susceptance to resonator 
capacitance is a maximum. In general, maximum elec-
tronic tuning and maximum power do not occur at the 
same frequency. The cavity design to produce the best 
compromise between the variations of electronic tuning 
and power output is one of the essential features in the 
development of any reflex beating oscillator. Uniformity 
of electronic tuning in beating-oscillator applications is 
more important than the constancy of power output. 
The compromise is, therefore, weighted in this direc-
tion. This will be observed in the characteristics for the 
2K29 tube in Fig. 4. 
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Fig. 4—Power-output and electronic-tuning characteristics for the 
2K29 tube. Curves for the tuned-load conditions have been ob-
tained by adjusting a variable load for maximum power output at 
each measurement. The curves for a 50-ohm-load condition have 
been obtained by coupling a 50-ohm cable to the tube through a 
suitable adapter. 

The coupling loop and coaxial output line are integral 
parts of the 2K29-type tube. It will be noted that the 
coaxial output line is perpendicular to the base, and 
that installation of a new tube is practically as simple 
as that of any receiving-type tube. The coupling system 
has been designed so that the output line may be cou-
pled directly to a 50-ohm line by a suitable adapting fit-
ting. The performance of the tube into a 50-ohm line is 
compared in Fig. 4 to that into a load optimized at each 



1428  PROCEEDINGS OF THE I.R.E. December 

frequency setting to obtain maximum power output 
from the tube. 

Hysteresis 

The term "electronic hysteresis" is used to label a 
phenomenon which, when present, is evident in the be-
havior of the power output as a function of the repeller 
voltage. The simple theory of the reflex oscillator pre-
dicts that a curve similar to that of Fig. 5(a) will be ob-
tained. A curve similar to Fig. 5(b) is found when elec-
tronic hysteresis occurs. That is, the tracing of the 
curve in one direction of sweep does not superimpose on 
that of the other direction over the complete sweep; in-
stead, the power output and frequency are discontinu-
ous functions of the repeller voltage. This effect can be 
sufficiently serious to cause trouble in utilizing elec-
tronic tuning. The discontinuous behavior was at one 
time thought to result from improper loading of the 
tube, but it was later established that the effect was 
electronic in origin. 

3 
0 

REPELLER VOLTAGE 

POWER OUTPUT 

REPELLER VOLTAGE 

(a)  (b) 

Fig. 5—Power output as a function of repeller voltage. The repeller 
voltage range covered is sufficient to show only one operating 
mode. (a) Ideal curve, showing .no discontinuities. The return 
sweep presents a trace which is completely identical with the 
forward trace. (b) A type of trace which may be obtained when 
electronic hysteresis is present. 

An explanation of electronic hysteresis may be found 
in the variation of the electronic conductance with am-
plitude of oscillation. For cases where hysteresis does 
not exist and the drift angle is close to the optimum 
00= - (n+1)27r, the conductance component of the ad-
mittance may be written with reasonable accuracy as 

2 J 1 'Iwo-20  

G. = r3" ]   
2V0 13V0 

cos AO = g.F(V) cos AO  (6) 

2 Vo 

where AO, a function of the repeller voltage, is the de-
parture of 0 from 00, g. is written for the bracketed fac-
tor, and F(V) for 

/13170\ 

2j1 k-2V0) 

0170 

2V0 

0 can and will be considered constant in these two fac-
tors, since its variation does not effect their values to a 
serious extent over the electronic tuning range. It will be 
noted that, as V approaches 0, F( I') approaches 1.0. 
Thus g. has the physical significance of being the small-
signal conductance for AO= 0. 
A family of curves of electronic conductance, defined 

by (6), is shown in Fig. 6(a). For the uppermost curve 
AB is 0, corresponding to a repeller voltage Eo. The lower 
curves are plotted for various values of AO, each value 
of which is assumed to correspond to two values of re-
peller voltage Eo±AE. A line is shown representing the 
negative of the conductance GL, which is the sum of the 
resonator conductance and the load conductance. Since 
stable oscillation requires that G.-FGL =0, the steady-
state amplitude of oscillation for each value of AO in 
Fig. 6(a) occurs where the electronic-conductance curve 
intersects the load conductance. A plot in Fig. 6(b) of 
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0 2 

5 

NEGATIVE OF 
LOAD CONDUCTANCE ,GL 

V3  2  VO  3 

AMPLITUDE OF OSCILLATION 

(a) 

100  110 E0 
120  130  140  ISO  MO 

REPELLER VOLTAGE 

(b) 
Fig. 6-- Electronic-conductance and power-output characteristic for 
the case where hysteresis is absent. (a) Electronic conductance 
as a function of amplitude of oscillation for various values of re-
peller voltage. Also shown is a line representing the negative of 

voltage curve. 
the load conductance. (b) Resulting power  output  versus repeller 

170  1110 
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Fig. 7—Type of electronic-conductance and power-output charac-
teristics which may occur where hysteresis is present (a) Elec-
tronic conductance as a function of amplitude of oscillation for 
various values of repeller voltage. (b) Resulting power output 
versus repeller voltage curve. (c) Effect of an out-of-phase source 
of conductance on the total electronic conductance. 

the power output derived from these characteristics is 
similar to the ideal curve of Fig. 5(a). 
Electronic hysteresis may be explained by assuming 

a family of electronic-conductance curves as shown in 
Fig. 7(a). For certain values of the electronic conduct-
ance, the amplitude is double-valued. Starting from the 
condition of optimum repeller voltage, Eo, and varying 
the magnitude of the repeller voltage, the oscillation 
amplitude will decrease smoothly until an amplitude 
V4, at repeller voltages Eo +AE4, is reached. A further 
change in repeller voltage will cause the amplitude to 
fall to zero. If the repeller voltage is then changed to-
ward Eo, the power output will remain zero until the 
repeller voltage reaches Eo + AE5, at which point the 
small-signal electronic conductance becomes equal to 
the load conductance. At this point any slight disturb-
ance will cause the electronic conductance to exceed 
the load conductance, and oscillation will start and rise 
immediately to the amplitude V5. Further change in re-
peller voltage toward Eo will produce a smooth varia-
tion of amplitude. For the simplified case illustrated, the 
hysteresis effect will appear on both ends of the repeller-
voltage range (Fig. 7(b)) as a result of the assumed sym-
metry of variation about the E0 value. Since the varia-
tion in general is not symmetrical, hysteresis may ap-
pear only on one end of the characteristics, as shown in 

Fig. 5(b). 
The type of conductance curves shown in Fig. 7(a) 

can occur if a second source of conductance exists op-
posing the primary source and varying with amplitude, 
as illustrated in Fig. 7(c). A second source may be found 
by considering the electrons, which return from the re-
peller space, through the gap, and enter the cathode-

G2 FRAME 

D, FRAME 

•:REPELLER 

CATHODE SURFACE 

BEAM ELECTRODE-/' 

20 

Fig. 8—Typical electrostatic field plot for the repeller space, 
showing calculated electron paths. 
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resonator region. These electrons continue to bunch, 
and some of them will be returned through the gap 
where they will give rise to electronic conductance. 
This source of hysteresis may be eliminated by insur-

ing that the electrons make only one round trip through 
• the gap. The geometrical arrangement adopted in the 
2K29 tube to accomplish this result is shown in Fig. 8. 
The electron stream leaving the cathode is formed into a 
hollow cylindrical beam by the beam electrode and the 
central spike projecting from the cathode. The cylin-
drical beam, following the paths calculated from the 
equipotentials, returns through the larger secondary-
grid opening and is captured on the frame surrounding 
the first grid. 

Other secondary sources of electron admittance may 
result in hysteresis. The most common in reflex oscilla-
tors appears to be that discussed above. 

BROAD-BAND OPERATION OF REFLEX 
OSCILLATORS 

The 2K25 tube, a cross-section view of which is shown 
in Fig. 9, was developed for use in the frequency range 
8500 to 9660 Mc. It will be noted that the resonant cav-
ity in this tube is much smaller than in the 2K29 type, 

RESONATOR 

FLE  IBLE  DIAPHRAG M 

UNER  SCRE W 

COUPLING  LOOP 

ACCELERATING GRID 

TUNER BO W 

COA XIAL OUTPUT LEAD 

and has more nearly the form of a disk transmission 
line, capacitance-loaded at its center. For electron-opti-
cal purposes, and because of the small size of the cavity, 
it was necessary to employ a third grid. The 2K25 tube 
is designed to be coupled directly to a wave guide. The 
central conductor, protected by a polystyrene sleeve, 
extends beyond the outer conductor of the output co-
axial line to form a probe, slightly less than a quarter-
wavelength long. Coupling to the wave guide is achieved 
by extending the probe through an opening in the wave-
guide wall. 
One of the problems encountered in designing a reflex 

oscillator for broad-band use is that of delivering the 
maximum possible power output into a given load over 
a frequency range consistent with stability of oscilla-
tion and electronic-tuning requirements. Generally, the 
load is the characteristic admittance of a wave guide or a 
coaxial line. It will be recognized that the various com-
ponents of the coupling system, such as the output 
probe, coaxial line, loop, and cavity configuration, will 
act to transform the load admittance to an admittance 
in shunt with the gap of the resonator. If the problem 
were one of obtaining an approximately constant ad-
mittance across the gap, it would be a relatively simple 
one. 

TUNER BACK STRUT 

REPELL ER 

-CAVITY GRIDS 

CATHODE BEA M FORM,. 
ELECTRODE 

CATHODE HEATER 

4. 

Fig. 9—Structural details of the 2K25 beating oscillator designed to cover a frequency range 
from 8500 to 9660 Mc. The output coaxial line of this tube is designed to be coupled di-rectly into a wave guide. 
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In a reflex oscillator the electronic admittance and the 
cavity losses are not constant over the frequency band. 
It is necessary to present to the gap a load admittance 
which varies with frequency in a manner defined by the 
particular variation in electronic admittance and cav-
ity losses. Sufficiently detailed information concerning 
the electronic admittance and the resonator conduct-
ance would make it possible to determine theoretically 
the necessary configuration of the coupling system for 
best performance. Unfortunately, some of the param-

eters required for calculation of the admittance have not 
been established adequately, and it is necessary to resort 

to experimental methods. 
The first step in such an experimental method is to ob-

tain a suitable smooth broad-band transducer between 
the characteristic admittance of the load and the tube 
output coaxial line. An estimate is then made of a loop 
size to give a correct mutual inductance with the 
resonator. The admittance which must be presented to 
the transducer to obtain optimum power output is then 

1.Z 0 

Fig. 10—Impedance performance diagram of a 2K25 tube. Loci of constant power are shown by the solid closed curves. The dashed 
lines show the loci of constant frequency deviation from the nominal frequency. The tube is operating in mode A, which mode is 
shown in Fig. 11. Sink margin is indicated by the line SM. This diagram is for mode A, F••9360 Mc., and ERgs •• 300 volts. 
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measured over the band. From these measurements it 
is possible to compute with reasonable accuracy the 
correction in loop size and in the transducer characteris-
tics so that, when the characteristic impedance of the 
line or guide is presented to the transducer, the optimum 
performance is obtained over the band. A transducer 
was designed for the 2K25 tube in this manner. 
For reasons of frequency stability, it is not always 

desirable to deliver the maximum available power to 
the load. The reasons for this are best illustrated by 
means of an impedance performance plot.2 With the 
tube coupled to the characteristic impedance of the 
guide or coaxial line through the transducer designed 
for that tube, the repeller voltage is adjusted for maxi-
mum power at a given frequency. All operating volt-
ages are then held fixed while the admittance presented 
to the oscillator is varied and the power output and fre-
quency are observed. The admittances normalized in 
terms of the characteristic admittance of the guide or 
line are referred to some convenient reference position 
on the line. In the case of the 2K25 tube, the plane 
normal to the guide through the projecting coaxial line 
was selected and the performance characteristics for the 
admittances in that plane are shown on an impedance 
chart in Fig. 10. Loci of constant power are indicated 

• 

by the solid closed curves, while the dashed lines are the 
loci of constant frequency deviations from the nominal 
frequency. It will be noted that for a certain admittance 

8500  9660 
OPERATING RANGE 
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Fig. 11—Power output, electronic tuning, and sink margin for a 
typical 2K25 tube when coupled to the characteristic impedance 
of the wave guide through a suitable coupling. 

range, oscillation does not exist. This corresponds to a 
region in which the sum of the load and resonator con-
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Fig. 12—Power-output performance for a typical 2K25 tube for five different no  i nominal operating frequenc ies.  The performance  in 
resonator voltage is 300 volts. 
the various modes is shown, and the electronic tuning, between half-power points, s indicated for the 9390-Mc. cond ition.  The  

-200 -250 -300 

ductance is in excess of the electronic conductance. The 'P. H. Smith, "Transmission line calculator," Ekcironks, vol. 12, 
pp. 29-31; January, 1939. voltage-standing-wave ratio to the nearest  po int  of  this 
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region from the unity standing-wave point we have 
I chosen to designate as the sink margin, since this is a 
measure of the factor by which the load admittance may 
be increased above that of the characteristic admit-
tance of the line without stoppage of oscillation. One 
may show theoretically and verify experimentally that, 
if the load admittance for which maximum power is de-
livered is presented to the oscillator, then approxi-
mately doubling the magnitude of this admittance will 
result in a stoppage of oscillation. Hence, if a sink mar-
gin in excess of approximately 2 is desired, it will be 
necessary to decouple the load by a suitable amount. 

01- COAXIAL OUTPUT 
LEAD 

(a) 

TUNER YOKE 

CONNECTOR WIRE 

FOCUSING WIRES 

TUNER GRID 

TUNER CATHODE 

CAVITY GRIDS 

COUPLING LOOP 

CATHODE 

CATHODE HEATER 

This entails a sacrifice in power. The coupling system of 
the 2K25 is such that there is a minimum sink margin 
of 2.5 at a frequency of 9400 Mc. In order to insure this 
minimum, a 2K25 tube having average characteristics 
has a sink margin of approximately 6.7 times. Thus, one 
compromise in the coupling design is between maximum 
possible power output and required sink margin. 
The broad-band characteristics for a typical 2K25 

tube are indicated in Fig. 11. Here the power output, 
half-power electronic tuning, and sink margin are given 
as functions of frequency when the tube is operated 
through the transducer designed for the tube into the 

TUNER CHANNEL -

DIAPHRAGM CONNECTOR-

FLEXIBLE DIAPHRAGM-- or 

RESONATOR---

HEAT BLEEDER -a. 

FOCUSING ANODE 

BEAM -FORMING 
ELECTRODE 

Fig. 13—Sectional views of the 2K45 thermal-tuned reflex oscillator. 

(b) 
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characteristic admittance of a 1- Xi-inch wave guide. 
In the design of a reflex oscillator there is some choice 
in the number of cycles of drift in the repeller space. 
Neglecting resonator losses, it can be shown that as the 
number of cycles of drift increases the power output 
decreases, but the electron tuning increases. The choice 
of the number is, therefore, determined by a com-
promise. Fig. 12 gives the relative power output for dif-
ferent numbers of cycles of drift, and for a number of 
different frequencies, for a typical 2K25 tube. Half-
power electronic tuning is indicated for each mode, and 
the repellet mode indicated as A is the one which has 
been recommended for general use. The data presented 
in Fig. 10 were obtained on a tube operated in this 
mode. 

INTERNAL CAVITY—INTERNAL TUNING CONTROL 

Thermal Tuning 

As the tactical use of radar advanced it became ap-
parent that it would be advantageous, under certain 
circumstances, to produce much greater frequency shifts 
of the system than could be followed by electronic tun-
ing. An investigation of the various means bk which 
frequency variation over a wide range could be obtained 
resulted in the development of the Western Electric 
2K45 oscillator. This tube can be tuned over a fre-
quency range from 8500 to 9660 Mc. by a voltage con-
trol. Fig. 13 illustrates this tube by two sectional views 
taken at right angles. 

The channel of a material having a large coefficient of 
expansion is heated by electrons from a thermionic 
cathode. The electron flow is directed into the channel 
by the focusing wires, and is controlled by a negative 
grid which draws no appreciable power from the con-
trol system. Longitudinal expansion of the channel is 
permitted by flexible tabs bent down at right angles to 
the channel axis and fastened to the resonator. These 
tabs serve as heat bleeders for the channel ends, as well 
as providing vertical support. The multileaved bow is 
rigidly fastened to the channel ends. The leaves are 
made of a material having a low coefficient of expansion 
and, since they are fastened to the channel only at the 
ends, they remain cool and do not expand appreciably 
as the channel is heated. 
The heating of the channel by electron bombardment 

causes the bows to flatten and their center to move to-
ward the channel. A cross member attached to the cen-
ter of the bows transmits this motion through vertical 
struts to the flexible diaphragm which supports one of 
the cavity grids and forms one wall of the cavity res-
onator. In Fig. 14 a series of X-ray photographs of an 
operating tube is shown which illustrates the tuner ac-
tion. 

A number of basic design requirements in a thermal 
tuner must be met, such as speed of tuning, absence of 
frequency "overshoot," and satisfactory microphonic 
response. These requirements depend in part on the 
type of control system used. That contemplated for use 
with the 2K45 is such that the control adjusts the heat-

3. PT I 2 WATT'S TA 3I5  C 

4. Pr  2 lwArrs TA‘438'c  5. RT•4.0wArre. TA=525°C  6. PT “ r) 0 NATTS TA = 5 58 °C 

Fig. 14—X-ray views of an operating 2K45 tube, demonstrating the movement ul the 
thermal-tuning mechanism for various input powers. 

The thermal tuning mechanism, contained in the up-
per part of the structure, consists of the bimetallic com-
bination of a II-shaped channel and a multileaved bow. 

ing of the thermal tuning mechanism on a "full-on" or 
"full-off" basis. 

Speed of tuning at all points in the band requires that 
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two principal conditions should be satisfied. First, the 
power into the tuner for the full-on condition must be 
considerably in excess of the power needed to hold the 
tuner at the limit of the frequency band nearer the full-
on condition. This insures that, when operating near 
this limit, rapid frequency response will be obtained in 
both directions. The thermionic system must be capa-
ble of delivering the excess power, and the tuner must 
be capable of dissipating it continuously without dam-
age incase the full-on condition accidentally persists. Sec-
ond, the power to hold the tuner at the limit of the fre-
quency band nearer the full-off condition must be 
sufficiently in excess of zero so that, near this limit, 
a rapid response will result when the.tuner is .switched 
off. 
With the tuner power either full-on or off and the fre-

quency changing toward a stable value, overshoot is said 
to occur if, on switching the tuner power to the opposite 
condition, the frequency change continues in the origi-
nal direction for a period after switching. To prevent 
overshoot, the heat which activates the tuner must be 
generated directly in the expanding element, as is done 
in the 2K45. It is not satisfactory, for example, to ac-
tivate the tuner by heat radiated to the expanding ele-
ment by a resistance heater. 
Minimization of microphonic response, i.e., frequency 

shift resulting from vibration and tuning speed, impose 
conflicting requirements. Stiffness of struts is essential 
to low microphonic response, whereas tuning speed de-
mands a minimum heat capacity and therefore small 
mass. A further limitation on the stiffness is a somewhat 
arbitrary limit on the magnitude of the driving power 
allowed to produce the necessary motion. Hence, the 
final design represents a compromise between speed and 
microphonic performance. 
In the 2K45, with the microphonic response reduced 

to a satisfactory level, an average speed of tuning of 
approximately 150 Mc. per second is obtained in either 
direction. This rate, corresponding to a time of 7.7 sec-
onds to tune through a range of 1160 Mc., is based on 
full-on or off operation. The required frequency band is 
covered in a power range lying approximately between 
2 and 4.3 watts. The tuner can dissipate approximately 
7 watts continuously without destruction. 
The 2K45 oscillator design is a departure in some re-

spects from those described previously. The concave 
cathode, cylindrical beam-forming electrode, and focus-
ing anode constitute an electron gun designed according 
to principles outlined by J. R. Pierce 3 and A. L. Sam-
uel.' This gun produces an electron stream converging 
radially into the focusing anode. The beam has a mini-
mum diameter in the neighborhood of the cavity grids, 

J. R. Pierce, "Rectilinear electron flow in beams," four. Appl. 
Phys., vol. 2, pp. 548-554; August, 1940. 
' A. L. Samuel, "Some notes on the design of electron guns," 

PRoc. I.R.E., vol. 33, pp. 233-240; April, 1945. 
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beyond which it diverges with considerable rapidity. On 
its return from the repeller region the stream passes 
through the second grid, which has a larger diameter 
than the first, and most of the electrons are captured on 
the surface supporting the first grid, the remainder 
striking the wall of the focusing anode. This results in 
virtually complete elimination of electronic hysteresis. 
The elimination of the accelerating grid and the im-

provement in the design of the resonator result in the 
same power output as for the 2K25 tube, although the 
cathode current is only about two-thirds that in the lat-

ter tube. 
The repeller is fixed in the 2K45 tube and the upper 

grid moves relative to it, while in the structures dis-
cussed earlier the repeller was fixed relative to the near-
est grid. As a result of the 2K45 arrangement, the 
repeller space is shortened as the frequency of the 
cavity is increased. This reduces the repeller-voltage 
variation necessary for oscillation over the frequency 
band, since a reduction in the repeller-to-grid spacing 
tends to provide the required decrease in drift time as 
the frequency increases. 

Scope of Oscillator Development 

This paper has discussed the design problems of a 
few particular reflex-oscillator tubes. In addition to 
those described, a number of others have been devel-
oped, or are currently undergoing development, at the 
Bell Telephone Laboratories. A chart showing the fre-
quency ranges of these tubes and their place in the fre-
quency spectrum is presented in Fig. 15. All tubes in 
the lowest two rows are oscillators having the general 
construction of the 2K29 and 2K25. Development work 
on the 1413 and 1449 tubes has not been completed, and 
for that reason they carry laboratory development code 
numbers. 

21445 

1449 vp 

2,, 29 
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Fig. 15—Frequency coverage of a number of beating oscillators 
developed in the frequency spectrum of 2000 to 10,000 Mc. 
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The Distortion of Frequency- Modulated Waves 

by Transmission Networks* 
A. S. GLAD WINt 

Summary—A general solution to the problem of calculating the 
distortion imposed on the instantaneous frequency of a frequency-
modulated wave in passing through a transmission network is ob-
tained by a direct operational method. Approximate formulas for the 
cases of large and small deviation ratios are derived, and it is shown 
that a range of overlap exists in practical cases. For very large devia-
tion ratios the distortion is entirely nonlinear in character and de-
pends on the maximum frequency deviation, while for very small 
deviation ratios the distortion is entirely linear and is independent of 
the frequency deviation. The nature of the distortion is examined 
with particular reference to intermodulation distortion. When the 
modulating wave consists of two sine waves of different amplitudes 
and frequencies, intermodulation distortion takes the form of a fre-
quency modulation of the small high-frequency component by the 
large low-frequency one. The application of negative feedback to a 
frequency-modulation receiver is considered. Numerical examples 
are worked out. 

I. INTRODUCTION 

THE DISTORTION suffered by a frequency-
modulated wave in passing through a transmis-
sion network has been investigated by Carson and 

Fry,' who obtained a theoretical solution, and more 
recently by Jaffe,' who calculated the numerical value of 
the harmonic distortion for the particular cases of 
sinusoidal modulation with networks consisting of either 
a single resonant circuit, or a pair of resonant circuits 
critically coupled and tuned to the carrier frequency. 
These analyses apply to the case of a large deviation 

ratio, but important practical cases exist in which the 
deviation ratio is small; for example, a superheterodyne 
receiver in which negative feedback is used to reduce the 
frequency deviation of the received wave. Moreover, 
in practice, transmission networks are more compli-
cated than those examined by Jaffe, and it is also 
desirable to know the distortion produced when modu-
lating waves more complex than a single sine wave are 
used. 
It is the object of the following analysis to derive 

formulas, suitable for both large and small deviation 
ratios, from which numerical values of the distortion 
products can be calculated for any type of transmission 
network. 

* Decimal classification: R.148.11. Original manuscript received 
by the Institute, August 19, 1946; revised manuscript received, June 
2, 1947. (This paper is a communication from the Staff of the Re-
search Laboratories of the General Electric Co., Ltd., Wembley, 
England.) 
1. King's College, London, England. 
1 J. R. Carson, and T. C. Fry, "Variable frequency electric cir-

cuit theory with application to the theory of frequency modulation," 
Bell Sys. Tech. Jour., vol. 16, pp. 513-541; October, 1937. 

2 D. L. Jaffe, "A theoretical and experimental investigation of 
tuned circuit distortion in frequency-modulation systems," PROC. 
I.R.E., vol. 33, pp. 318-334; May, 1945. 

II. LIST OF SYMBOLS 

A(u)= amplitude  characteristic  of  the  network 
(nepers) 

D= deviation ratio = maximum frequency devia-
tion/highest modulating frequency 

cli(u) =phase characteristic of the network (radians) 
p= differential operator =d/dt 

P(u) =in-phase component of the network transfer 
characteristic 

Q(u)=quadrature component of the network transfer 
characteristic 

S= the modulating wave 
T(u)= l'(jco) 
u = (co —coe)/coB 
vi= input to a network 
vo =output from a network 
coB = semiband width of the network (radians/sec-

ond) 
coo =carrier frequency (radians/second) 
.6ico = maximum frequency deviation (radians/sec-

ond) 
Y(jce)=steady-state complex transfer characteristic of 

the network =output/input. 

III. THE GENERAL SOLUTION 

Let the modulating wave be denoted by S, and let the 
peak value of S be unity. A sinusoidal carrier wave fre-
quency modulated by S can be written 

v, = cos (41  f Sri ) 

= R exp j (cod  f S(Jt) 

where co, is the carrier frequency, Ace is the maximum 
frequency deviation, and R denotes "the real part of." 
Conventionally, R is omitted from the analysis, but it 
should always be understood. 
When the modulated carrier is applied at the input 

terminals of a linear transmission network having a 
transfer characteristic Y(jco), the output from the net-
work is 

vo= Y(p)vi. 

Y(p) is the transfer characteristic with the differential 
operator p=(d/dt) written in place of ju.). Y(p) is an 
operational function, and the output vo is obtained by 
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operating on vi with Y(p). This can be done conven-
iently by using Murphy's shifting theorem' to give the 
result 

vo = exp j (coct  Aco f Sdt) Y(p + joh + jtIcuS).  (1) 

The subject of the operational function is now unity. 
It is supposed that the modulated carrier has been ap-
plied to the network for a very long time, so that the 
transient solution Y(p) • 0 has vanished at the time 
under consideration. 
Since most of the networks to be analyzed are band-

pass filters, it is convenient to express a frequency in 
terms of its difference co—co, from the carrier frequency, 
and also to express this difference as a fraction u of the 
filter semibandwith cos, i.e., u = (co —co,,)/u)B. The transfer 
characteristic may then be specified in terms of a shape 
function T(u), a scale factor COB, and a position factor 
W, thus: 

Y(jco) = Y(jcue  j w — coe) = Y(jcoc-F futon) = T(u).  (2) 

Applying this transformation to (1) gives 

Y(p + jw, + jAws) = T(AwS  —iP \. 
cos 

If it is assumed that this function can be expanded 
in a power series by Maclaurin's theorem, then 

(AwS  1 AcoS — jp )n 
  T n(0)  (3) 

COB  0 n! COB 

where n(0) =d̂/dinT(u)1,= O. The expansion is valid 
only if the series so obtained converges. In particular, 
the series does not converge if S is a step function, or if 
there are any discontinuities in T(u) or its derivatives. 
The operator (AcoS—jp)n denotes (AcuS—jp)(AwS—jp) 
• • • to n terms, and may be expanded as follows: 

(w.5 — jp) = LIZ 

(AcoS — jp)2 = (AcoS — jp),AwS = 0( 42 — jticoS' 

and so on: 

d 
.5' = — 

dt 

It is found that the terms in the series resulting from 
the expansion of (3) are themselves the Maclaurin series 
for functions such as T(AwS/cos). When all the terms 
are collected in this way, (1) can be written 

'A. G. Warren, "Mathematics Applied to Electrical Engineer-
ing," Chapman and Hall, London, 1939; p. 169. The theorem states 
that Y(p) ex,p fit) mexpf(t) Y(p-Ft (0) both sides of the identity being 
operational functions. The analysis can also be carried out, with a lit-
tle more trouble, by using the well-known Heaviside shifting theorem, 
which is a particular case of Murphy's theorem. This was the method 
used by Jaffe. 

vo = [exp j (wct + Ace f Sdt)][T (A—uS  ) 
cos 

+   
Aw { jS'  (AwS )  S"  T,,, (AwS 

— - -- T" ---  ) 
COB  2 koa  v.IB  36B2 \ COB I 

iS"  I C C' S )  S "  CcoS 
Try —  Tv — ) — -I- • • •} 

46)133 colt  56B4 COB 

+  i s'lla--)2"  S i {i—S cos' )TIv(4i—:) 

(  (A S  

20433 4ws  cos 

± 3!cue2 Tv ( 0.1 13 /  \ 6 ni / 

Sly (b.coS\ 4_ . . .1 

\ coB 1 5 !co/34 

-I- etc.] 

This is the general solution, but in the form given 
above it is of little practical use. The desirable form of 
solution would express the result as a carrier wave modu-
lated in amplitude and frequency. Approximate solu-
tions of this form can be found when the deviation ratio 
is large or small. 

(4) 

IV. SOLUTION FOR LARGE DEVIATION RATIOS 

When the deviation ratio is large, S'icoir is small, and 
the terms of the series in (4) are of rapidly decreasing 
magnitude. Only the first two terms need therefore be 
considered, and, if D is very large, only the first term. 
It is convenient to express the transfer characteristic 

in polar form: T(u)=exp (A (u) -FB:.(u) , where A (u) 
is the amplitude characteristic (nepers), and ck(u) is the 
phase characteristic (radians). The second derivative 
T"(u) is easily found and a common factor T(AwS/6.41) 
can be removed from the first two terms of (4), which 
can then be written (neglecting terms beyond the sec-
ond) as 

vo = wS [exp A ( --) co  exp j {wct Aco f Sdl 
n 

+ C-11] El {0- C—ws „B 
AcoS)  (AcoS  AcuS 

-I- 2A' (  co  ( — 
n  con con 

CA' Cws )12+ [4T—"' )1211 co,3 
Of the series of terms in the square brackets, the 

imaginary part is small compared with 1, and the vari-
able part of the real part is also small compared with 1. 
The series may therefore be replaced by K expja, where 
K is the real part, and a the imaginary part of the 
series. Then 

ve = M exp j (w,/  fcoidi) 
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where 

M = [exp A ( —"S )][1  {(13" (AwS  
cos  1°,32 

+  211 (2 -4S—A  ) O f (--AW S )1 ] 

COB  COB 

od  s  ±  .0 (  _pcos_\ 

Aco dt  ) 
1 d [ (  CcoS 

- 2,42  —dt S A"  + [A , CcoS )12 
cos /J 

— Co  )1)1 (5) 

M is the amplitude and Liu % the frequency deviation 
of v0. 

If the transfer characteristics can be represented by 
simple functions and the modulating wave is also sim-
ple, it is sometimes possible to calculate the distortion 
directly from (5). In general, however, this is not pos-
sible, and the transfer functions have to be expressed 
in a form amenable to computation, e.g., a power series 

• expansion, thus: 

U2 
A(u) = Ao + uAl + — A2 + • • • 

2! 

U2 
= çS0 + 141  —  + • • • • 

2! 

The quantity 4,1 is the coefficient of the linear part of 
the phase characteristic, and thus represents time delay 
for the whole wave. It is advantageous to proceed as if 
(ki were zero and to correct the final result, if required, 
for the time delay corresponding to 4". This reduces the 
number of terms to be handled. The coefficients A 0 and 
(bo, which represent a constant amplitude change and a 
constant phase shift of the carrier, may also without 
error be equated to zero. 

The series expansion should represent the character-
istic accurately over a sufficient range of u; namely, a 
range corresponding to frequencies slightly beyond the 
frequency excursion of the modulated carrier wave. 
When the series given by (6) are substituted in (5), 

the distortion terms may be divided into three groups. 
First, a linear term *which is simply a derivative of S. 
This is 

S" 
— —  (A l2 + AO. 
24182 

Next, even-order nonlinear terms, 

1 d 432 AcoS 2+ C122. AWS 4+ 

Au) dt 2!  con 4!  Gm 

1  d [S' { -6"5  (A3 + 2A 1,42) 
2cos2 dt  cos 

(6) 

▪ VCOB°15)3(1 A5 +  A4A1 
6  3 

+ A3,4 2 — 0302) ± • • • }1• 

Finally, the odd-order nonlinear terms, 

1 d {433 CcoS \3+ q550CoS \ 6+ 
co A  dt 3!  on3 )  5!  COB 
1  d s, f AcoS 

A4 + A 3/1 1 ± A22 022) 
20)2B di L  A WE 2 

+ (A Z W I A6  + _1 A5A1 + 1 A4A2  

w8 ) k24  12  3 

1  1  1 
-- A 32 0402  032)} • 
4  3  4 

(7) 

(8) 

If the amplitude characteristic is symmetrical and 
the phase characteristic skew-symmetrical, the even-
order terms and some coefficients of the odd-order terms 
vanish. 

V. SOLUTION FOR SMALL DEVIATION RATIOS 

To obtain the formula for small deviation ratios it 
is convenient to express the transfer characteristic in 
Cartesian form: T(u) = P(u)-FjQ(u). P(u), and Q(u) are 
the in-phase and quadrature components, respectively. 
Equation (4) may then be written 

vo = [exp j (co,t  Aco f Sdt)] [1  R  jl j 

R = P  — 1 + Aw  S' Q" (AwS  \ COB COB (2!418  \ 43B I 

S"  (z2toS ) 

3 koB2 coE 

Aw2 ' S' pn,  AcoS ) 

2cos3 14cos  cas 

S" tacoS) 

▪ 3 k B 

wS 
I = Q 

cos knoll  w,3 / 

(9) 

Since the deviation ratio is small, Aco/u)B 
Also, from the relations between the polar and Carte-
sian forms of the transfer characteristic given in the 

is small. 
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Appendix, P(0) =1 when A(0) =0, the condition as-
sumed in the previous section. It follows that both R 
and I are small, compared with 1. 

.•. 1 R  jI 

= {(1-1- R)2 + 12)112  exp jltan-' //(1  R)) 

(1  R) exp j/(1 — R) . 

Equation (4) then becomes 

vo = (1 + R) exP (act + Aco f 

where 

1 d 
wd= S  — —•I(1 — R).  (10) 

Acu di 

It is now assumed that P(u) and Q(u) can be ex-
pressed in the form of power series 

U 2 

P(U) = PO ± U P1  P2 +  • • • 
2! 

132 

Q(U) = Qo ±  1421 ±  —21 Q2 +  • • • •  (11) 

In the previous section it was shown that it is per-
missible and advantageous to write A0=00=4)1=0. 
From the relations given in the Appendix, the corre-
sponding conditions for the Cartesian form are Po =1 

Q0=Q1=0. 
On substituting the series of (11) into the expressions 

for R and I given by (9), the frequency deviation cod can 
be expanded in a series. Since Aco/cde is small, only 
terms with coefficients proportional to Aco/(.03 and 
(Aw/wv)2 need be considered in addition to terms inde-
pendent of &a. The linear distortion terms are 

si/ p2 s/// Q3 s/V p4 

2 kon2 3!con3 4 !cop' 

The even-order nonlinear terms are 

Aco d [ {SQ2 
— S  — 

4)82 dt  2 

S' 

2!cue 
(Pa — P2P1) 

S" 
— GPO 

36412 

s"'  
+ 46,83 (Ps — P4P2) + • • • 1] 

"  ±[S'   
- 26)83 dt  l2SL 13(21 424  — P122 ) 

S" 
(Ps —I— Qs422 — P3P2) 

- 36/32 

S"' 

46,2 
(Qe — — (24P2) + • • • I] (12) 

and the odd-order nonlinear terms are 

1  d 
—  —  —Q  —  2P1 
2 (02 di [S2  {S (  Q 

S' 
 (1)4 — P22 — 21'31'2 + Q22) 
2 !we 

S" 
 (22 — Q2P2 — 2Q4Pi — P122) 
3!c0B2 

S"' 
+   (Pe — PeP2 — 2PePi  Q4Q2) + • • • H 
462 

1  d [  {S' (1 
— — — — SS' -- — $26  Q 3P2  

2  (.0134 dl  2!coB 2 

1 
— Q4Pi — Pk) 
2 

S" 
 (Pa — P4P2 + Q32 — P2Pi  Q4Q2 — P32) 
3 6.62 

S"' 

4 !cos' 
(Q7 —  Q5 P2  P4Q3 

-  Q6 P1  P6 Q2  Q4-P 3) +  • • '  • 
(13) 

The first term in each of the series in (13) has an 
anomalous value, but all the following terms form a 

regular sequence. 
When the in-phase characteristic is symmetrical and 

the quadrature characteristic skew-symmetrical, the 
even-order terms and half of the coefficients of the odd-
order terms vanish. 

VI. DISCUSSION OF RESULTS 

For both large and small deviation ratios, the ampli-
tudes of the linear distortion terms are independent of 
the frequency deviation. These terms which represent 
phase and frequency distortion of the modulating wave 

are not usually of interest. 
For !arge deviation ratios, the distortion given by 

(5) can be divided into two parts. The first and prin-
cipal part, (1/Aco) • (d/dt)0(AwS/(.03), depends only on 
the phase characteristic; the second part is determined 
mainly by the amplitude characteristic and partly by 
the phase characteristic. As the deviation ratio is large, 
Si/coe is small, so that the distortion produced by the 
amplitude characteristic is usually small compared with 
that produced by the phase characteristic. Moreover, 
if the modulating wave is the sum of a number of cosine 
waves, it is clear from (5) that the principal part of the 
distortion is the sum of a number of sine waves, whereas 
the second part is the sum of a number of cosine waves. 
Thus, the distortion products due to the amplitude char-
acteristic are in phase quadrature with the principal dis-
tortion products produced by the phase character-
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istic, and so have little effect on the total distortion 
until their magnitude equals or exceeds that of the prin-
cipal part of the distortion. 

If the deviation ratio D is increased while Aco/coB is 
kept constant, the principal part of the distortion de-
creases in the ratio 1/D and the amplitude character-
istic distortion in the ratio 1/D2. As the deviation ratio 
is increased, therefore, the distortion is ultimately en-
tirely nonlinear in character, and is produced by the 
nonlinear part of the phase characteristic. 
For small deviation ratios the limits of the frequency 

spectrum Of a modulated carrier wave are determined 
by the spectrum of the modulating wave rather than by 
the maximum frequency deviation. Consequently, coB 
cannot be reduced below a certain minimum value. 
From the formulas of Section V it is then seen that as 
ilco is reduced the distortion is ultimately entirely linear 
in character, is independent of the maximum frequency 
deviation, and is produced by the symmetrical part of 
the in-phase characteristic and the skew-symmetrical 
part of the quadrature characteristic. 

VII. NATURE OF THE DISTORTION IN A FREQTJENCY-
MODULATION NETWORK 

If the input to a nonlinear vacuum-tube amplifier 
with a resistive load is the sum for a number of cosine 
waves, the output from the amplifier, including the dis-
tortion products, is also the sum of a number of cosine 
waves. In the previous section it was noted that the 
principal distortion products for large deviation ratios 
are the sum of a number of sine waves. Thus, in a fre-
quency-modulation network the principal distortion 
products are in phase quadrature with the correspond-
ing distortion products in a nonlinear amplifier. 
A convenient method of specifying and measuring dis-

tortion in low-frequency apparatus is the intermodula-
tion method, in which two sine waves, one of low fre-
quency and amplitude nearly equal to the capacitance 
of the apparatus, the other of high frequency and small 
amplitude, are applied simultaneously to the apparatus. 
Nonlinear distortion results in the amplitude of the 
high-frequency component being modulated by the low-
frequency component, the amount of such modulation 
being a measure of the distortion. In frequency-modula-
tion systems, however, the intermodulation distortion 
is of an entirely different character. 
Let S = Cl cos wit+ C2 cos ce21 where C2<<Ci and col<<c02, 

and suppose that the deviation ratio is large so that 
only the principal part of the phase-characteristic dis-
tortion is significant. Then, from (5), the frequency 
deviation is 

C1 cos wit +  C2 cos co21 

Au)  Aco 
c 1 coS cod  —  C2 

Aw  dt  COB 
cos W21). 

Since C2 is small, the last term can be written approxi-
mately (because CI +C2 = 1) as 

1 d 
40 '6"  cos 4.41 

Aco  di  coB 

C2 
+ — 

COB 

/ w— {  ( cos oht 
dt  cos 

COS  

The first term in this expression represents harmonics 
of the low-frequency component. The second term repre-
sents the intermodulation products, and, since co2>>co1, 
this term is 

C2W2 Aco 
  sin (02/ o'( — cos colt). 
(.4B 

Adding to this the component of frequency oh in the 
frequency deviation gives 

C2 [COS 4)21  (02 —  sin uht  (JAW — cos wit)] 
coB  043 

{  W2  , (.6,4) 
:7  C2 COS  W21 +  —  4).'  —  cos 4,41  .  (14) 

COB  COB II 

Nonlinear distortion is manifest as a modulation of 
the high-frequency component, not in amplitude, but 
in frequency (or phase) by the low-frequency compo-
nent. The amount of the modulation depends not only 
on the amplitude of the low-frequency component, but 
is also directly proportional to the frequency of the 
high-frequency component. 

Since the intermodulation is of frequency instead of 
amplitude, the intermodulation products are in phase-
quadrature with the corresponding components in the 
vacuum-tube-amplifier case. Listening tests have shown, 
as would be expected, that the ear is unable to distin-
guish this phase difference, provided the distortion is 
not too great. Accordingly, a sound wave given by (14) 
produces the same aural effect as a wave given by 

W2  ACO 
C2 {1  — 4)1 cos Oh )} cos 0)21 

COB  CO13 

in which the high-frequency component C2 cos co2t is 
modulated in amplitude. 

It is, therefore, permissible to specify the distortion 
in a frequency-modulation network as intermodulation 
distortion, the magnitude being the maximum devia-
tion of 

co2  ( Aco 
1  —  —  cos colt 

CO  ) B  COB 

from its mean value, but it must be remembered that 
the modulation is of frequency and cannot be measured 
by the same methods as are used for amplitude inter-
modulation. A suitable method is described in the Ap-
pendix. 
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VIII. METHODS OF CALCULATION AND EXAMPLES 

If the transfer characteristic can be represented by 
simple functions and the modulating wave is also sim-
ple, it is sometimes possible to calculate the distortion 
directly from expression (5). An example of such a cal-
culation is given below. In general, however, this is not 
possible, and the transfer functions have to be expressed 
in power series form. The distortion is then calculated 
from (7), (8), (12), and (13). 
If the power series for either the polar or Cartesian 

form of the transfer characteristic are given, the series 
for the other form may be obtained from the relations 
between coefficients given in the Appendix. 
Finally, quantities of the form S" have to be evalu-

ated. For the purpose of analysis, a modulating wave 
which yields a fair amount of information without too 
much labor is the sum of two cosine (or sine) waves of 
different or equal amplitudes. A method of expanding 
the expression (k1 cos wit-142 cos co2t)* in a series of 
terms of the type 4,, cos (N I ±qco7)t is given in the 
Appendix. 
The intermodulation distortion is found by calculat-

ing the maximum or minimum value and the mean 
value of 

w2 
( — cos CO1 ) 

COB  COB 

Example 1 

A high-frequency carrier wave, frequency-modulated 
.by a 5-kc. cosine 'wave, is applied to a network consist-
ing of a single parallel-resonant circuit such that the 
amplitude response is —3 db at frequencies differing by 
+25 kc. from the carrier frequency. Find the third-
harmonic distortion in the frequency deviation of the 
output wave as the maximum deviation is varied from 
10 to 100 kc. 
The transfer characteristic of the network is T (u) 
= (1-1- ju)-2 exp ju, and coil =25 kc. The factor exp ju is 
added to satisfy the condition that the phase character-
istic should have no linear part. Then A (u) = —ilogh 

(1+u2) and 4)(u) =u—tan-lu. 
Let the modulating wave be cos (amt. For large devia-

tion ratios, equation (5) is used. Now A "(u)  {A '(u)1 2 
(I)/(u) 12  ( 2 _ U 1)2(U2+1)-2 , so that (5) becomes 

1  d {tad  Aw 
cos w,,,t  —  — cos w,,,t — tan' (-- cos 04,1)1 

Aw dl OM  COB 

Now 

— —  [sin w „,t {( — cos2 wmt — 1 
2w1,2 dl  (0 2 

Aw 2 
• 2COS2 Wmt + 1 

.66) 
tan-1 (—  cos co„,t) 

)2 

may be expanded in a Fourier series from the formula' 

tan-1 
(2a cos x) 
1 _ a2 

by writing 

a2n-1 
— 2 E( 1)-1   cos (2n — 1)x 

2n — 1 

COB21 1/2 
a= {1 

Aw 2 

In the third term the factor 

cOM o22 COS2 Wm/ + 1 

may be expanded by the formula 

(1 — b2)3(1  b2 + 2b cos x)-2 

00 

COB 

Au! 

)-2 

= 1+ b2 + 2E (—  n  1 — b2(n — 1)1 cos nx 

by writing b =a2. It is then a matter of straightforward 
trigonometry to find the terms of third-harmonic fre-
quencies in (15). These are 

2w„, 
b" sin 3conit 

Au) 

+ — —  1  — —  (1 -I- b2)2(1 — 
3 I com v  1 A0 ,21 -2 

2 coR)  2 cuB2t 

• {b(2 — b) (1 + b)2 -I-  —(1 -1 w2 2b)(1 — b2)2 
2 we2 

' 3 AO 
— — — (1 — b)2(1 — P)'} cos 3„,t.  (16) 
16u 

The amplitude of the resultant is the square root of 
the sum of the squares of the amplitudes of sine and 
cosine terms. 
For small deviation ratios the Cartesian form of the 

transfer characteristic is used. If (1 -1-ju)-' exp ju is ex-
panded in a series of powers of u, then 

u2 9u4 265u•  14833 8 . 

6! +  8! 14 

2u3 440  1854 

Q(14)  =  — 3! 5! 4- 7! 14.1 • 

Hence, 

P2 =  1 P4 = 9 Pe = •"- 265  Ps = 14833 

Qs = 2 Q. = — 44  Q7 = 1854. 

On substituting these values into (13), the terms of 
(15)  third-harmonic frequency are found to be 

4 "Smithsonian Mathematical Formulae and Tables of Elliptic 
Functions," Smithsonian Institution, 1939; p. 140. 

J. Edwards, "The Integral Calculus," Macmillan Co., London, 
1922; vol. 2, p. 303. 
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Aco2(o„,r  51 co„,2 1077 co.4 
  1 — — —  —  sin 3(o„,t 
4(037 L  2 (032 8 wit' 

3 Ac0 2,0. 2 [  79 (.4,2 1409 64,4 
  1  —  — 1 cos 30)„,t.  (17) 

• 2  (034 (03 6  2 40  (on' 

Finally, putting co„, = 2r5000, con = 2r25,000, the ampli-
tude of the third-harmonic component is 0.033(Aco2/(4B2)• 
On Fig. 1 is shown the amplitude of the third har-

monic calculated from (16) and (17). The same figure 
shows the experimental and theoretical results obtained 
by Jaffe. Jaffe's theoretical• values correspond to the 
sine term in (16), i.e., to the distortion due to the phase 
characteristic. 

LARGE 0  FOR MUL A 

---SMALL 0 FOR MuL A 

- - JAFFE THEO RY 

x  JAFFE  EXPERIMENT 

10  M AX. DEVIATION 100 

Fig. 1-1'hird-harmonic distortion in a single resonant 
circuit. 

Example 2 

The frequency-selective circuits of an amplifier con-
sist of three identical band-pass filters connected in 
cascade via amplifier tubes. Each filter is made up of two 
identical simple resonant circuits critically coupled. The 
over-all amplitude response of the amplifier is —6 db 
at frequencies differing by +100 kc. from the midband 
frequency. 
Estimate the intermodulation distortion at a fre-

quency of 12 kc. when Aw =75 kc., 
(a) when the carrier frequency is equal to the mid-

band frequency; and 
(b) when the carrier frequency differs by 25 kc. from 

the midband frequency. 
A carrier wave modulated by two cosine waves of 

equal amplitudes and of frequencies 3 kc. and 5 kc. is 
applied to the amplifier. The maximum deviation is 75 
kc. 
(c) Find the amplitude of the distortion product of 

frequency 11 kc. when the carrier frequency is 
equal to the midband frequency. 

(d) Find the amplitude of the distortion product of 
frequency 8 kc. when the carrier frequency differs 
by 25 kc. from the midband frequency. 

December 

The transfer characteristic for a pair of identical 
resonant circuits critically coupled is (1 — (xi 2 2 u + jau)-' 
exp jau, where a is a constant depending on the band-
width. Taking con as 100 kc., the transfer characteristic 
for the complete  amplifier  is T(u)= (1 —0.769u2 
-Fj1.24u)-7 expj3.72u, from  which  ci)(u)= +3.72u 
—3 tan-' I 1.24u/(1 —0.769u2) I . The Gregory series for 
tan-ix converges for J xl 5 1, corresponding to I ul 
0.59. By expressing (k(u) as an inverse sine, a series 

can be found which converges for I u I 51.14, but the 
convergence is very slow. However, it is found that for 
values of u up to 1, 4)(u) can be approximated by the 
expression 0(u) = — 0.95u3 +0.5120 — 0.017u7. 
When the carrier frequency is shifted from the mid-

band frequency of the amplifier by 25 kc., this is equiva-
lent to shifting the working point of the transfer charac-
teristic from 0 to 25/100=. Consequently, the new 
phase characteristic is obtained by writing u++ in place 
of u in the above expression for (k(u). Omitting the 
linear and constant terms, this is 

— 0.63u2— 0.6320+0.630+ 0.49u5— 0.030u'-0.017u7. 

The amplitude characteristic has a negligible effect on 
the distortion, and is therefore ignored. 
The intermodulation distortion is the maximum de-

viation of 

(02  ( w A 
— cos colt) = 0.120'(0.75 cos colt), 

co n  con 

from its mean value. In case (a) the mean value is, from 
(20), —0.061. The maximum value is obviously 0, and 
the minimum value is easily shown to be —0.096; the 
intermodulation distortion is, therefore, 6 per cent. In 
case (b) the mean value is —0.03, and the maximum and 
minimum values are 0.02 and —0.076. The intermodu-
lation distortion is now 5 per cent. 

Cases (c) and (d) are solved fro'm (8) and (7), using 
the expressions for (k(u) given above, and evaluating the 
amplitudes of the distortion products from (20), with 
p = 2, q= 1 in case (c), and p =q=1 in case (d). The re-
sults are: 0.0038 and 0.0056. In case (c) the distortion 
products are all of the odd-order type, i.e., of the form 
a„ cos (pcol ± qc42)1 where p+q is odd, but in case (d) the 
even-order type is predominant. 

IX. DISTORTION IN A RECEIVER WITH 
NEGATIVE FEEDBACK 

Negative feedback may be applied to a superhetero-
dyne receiver by arranging that the detector output 
operates a modulator, which controls the frequency of 
the receiver local oscillator, in such a way that the fre-
quency deviation of the received wave is reduced before 
the wave is amplified at the intermediate frequency. 
This arrangement was first described by Chaffee,• 

'J. G.  Chaffee, "The application of negative feedback to fre-
quency modulation systems," Bell Sys. Tech. Jour., vol. 18, pp. 
404-438; July, 1939. 
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In what follows it is supposed that the detector out-
put is equal to the frequency deviation of the wave ap-
plied to it, and that the modulator is also free from dis-
tortion. In practice, it is the modulator distortion which 
sets the limit to reduction in distortion obtainable by 

feedback. 
Let the frequency deviation of the received wave be 

AcolS(t), and let the detector output be 0(1). The fre-
quency deviation of the local oscillator is 00(1), where 
0 is a constant, and the frequency deviation of the wave 
of intermediate frequency is AwiS(t)-00(t). The effect 
of the i.f. amplifier is to delay the modulation by a time 
T, and to add distortion, so that the frequency deviation 
of the wave arriving at the detector', and hence the de-
tector output, is AohS(t— T)-00(t— T)-FKD(t— T) 
=0(1). D(t—T) is the relative distortion in the fre-
quency deviation, and K is equal to the maximum de-
viation at intermediate frequency. 
By expanding 0(1— T) as a series of derivatives of 

0(t), an equation is obtained expressing 0(1) in terms of 
S(t— T), D(t—T), and derivatives of 0(1). On differen-
tiating this equation and eliminating 0'(t) between this 
equation and the first one, a new equation is obtained 
from which 0'(t) is absent. Proceeding in this way, all the 
derivatives of 0(1) can be eliminated and the other terms 
collected together to give 

Awl 1 
0(1) = —  [SU— T/(1-1-0))+ 1-1-#—  D(1— T/(1+13))]T/(1+13))])] 

1+0   

+ terms of higher 'order. 

The higher-order terms are derivatives of S(t) and 
D(t) and are always of negligible magnitude. The term 
D(t— T/(1 +0)) represents the distortion suffered by a 
wave whose frequency deviation is AwS(t—T1(1-1-0)) 
where Aco =Awl/(l +0). Under different conditions 
which will now be examined, the magnitude of 

1 
D(/ — T/(1  0)) 

I + 0 

is more or less changed when 0 is varied. 
First, let the bandwidth remain constant as 13 is in-

creased from zero.Then, from (7), (8), (12), and (13), the 
quadratic distortion (S2, SS' etc.) is proportional to 
Au/(1 +13), i.e., to (1+13)_2, the cubic distortion to 
(1+0)-4 , and generally the nth order distortion is propor-
tional to (1+13) . Thus, if the application of feedback 
reduces the deviation of the received wave by N decibels, 
the quadratic distortion is reduced by 2N decibels and 
the cubic distortion by 3N decibels. 
Next, suppose that, as the maximum deviation is re-

duced by feedback, the bandwidth of the i.f. amplifier 
is reduced in the same ratio, the shape of the transfer 
characteristic being kept constant. This is possible so 
long as the reduced bandwidth is greater than twice the 
highest modulating frequency. From (5) it is seen that 

the distortion of all orders due mainly to the phase char-
acteristic remains constant, and the distortion due 
mainly to the amplitude characteristic increases in the 
ratio 1+13. 
The third case to be considered is that in which the 

deviation ratio is initially large, and the feedback is suf-
ficiently great to reduce the deviation ratio to less than 
1. As feedback is applied the bandwidth is reduced from 
its initial value of 2Awl to the limiting value 2wq. The 
distortions before and after feedback are not directly 
comparable on a numerical basis, since the nature of the 
distortion changes. However, in some cases the distor-
tion for both large and small deviation ratios is due 
mainly to one particular term. As an example of typical 
distortion components, the term 

1 d .03 dl 3! ColS )3 
Aco  (dB 

in (8) and the corresponding term 

1 Aco2 d 
— — —S3(1/3Q3 — 
2 coB2 dl 

in (13) may be taken. From the relations between the 
polar and Cartesian forms of the transfer characteristic 
given in the Appendix, these two terms are equal. 
Initially (0 = 0  = AW1) I the distortion is 

4.3 S2S' 

2 Acoi 

and finally (wB =cog), it is 

O 2 s Awl  S2S' 

2 coe  (1 + /3)2 

The distortion is therefore reduced in the ratio 

Awl   13 
[Di(1 -F 0)13. 

APPENDIX 

A. Relations between the polar and Cartesian forms of the 
transfer characteristic 

The steady-state transfer characteristic T(u) may be 
written T(u) = exp A (u)-Fj4)(u)} =P(u)-HQ(u), where 
A(u) is the amplitude characteristic in nepers, (P(u) the 
phase characteristic in radians, and P(u) and Q(u) are 
the in-phase and quadrature components of the charac-
teristic. 
Then 

P(u) = exp A (u) cos ib(u) 

Q(u) = exp A(u) sin 4..(u) 

A(u) = 1/2 logh[P2(u)  Q2(u)} 

41(u) = tan-1 [Q(u)/P(u)]. 
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It is assumed that A (u) , 4)(u)  P (u) , and Q(u) may be 
expressed as power series of the form 

U3 
A(u) = Ao  ziAt + 2—!A2 + —3! A3 +.... 

The coefficient A  represents the gain of the network at 
the reference frequency. Since this is arbitrary, it is 
convenient to put A0=0. The coefficient 00 represents a 
constant phase change of the carrier wave, which is of 
no interest, and 01 represents a time delay of the modu-
lation impressed on the carrier which may be allowed 
for, if necessary, in the final result. 

On the assumption that A 0 = (Ao=  = 0, the relations 
between the coefficients in the power series for A (u), 

4(u), P(u), and Q(u), are as follows: 

Po = 1 

= A1 

P2 = A2 +  Al2 

P3 = A 3 +  3A2A1 + 

P4 = A 4 +  4A sA + 3A22 6A2Al2 Ai' — 3022 

P6 = A6 +  5A4A1 +  10 A3A2 +  101134412 +  15A22441 

+  10A 2A  +  A,5 — 15A, 22 — 104)302 

Qo = 421 = 0 

Q2 = 02 

+  3 03A 1 

Q4 = 04 + 4 03A 1 +  6 2A2 +  6 A,2 

Q6 = 06 +  5 A , +  10 3A2 +  10 03A 12 +  100244 3 

+  3002A 2/11 ±  10 02A 18 

Al = P1 

A2  P2 —  P1 2 

A , =r P3 —  3 P2 P1 +  2 F13 

A 4 =  P4  4 F3 F1  3 P22 12 P2 P12 6 P14 +  3 Q22 

A  =  P3  5 P4 P1 —  10 P3 P2 +  20P8P12 + 30P22P1 

— 60P2P13 + 241115 — 301'14222 + 10Q3Q2 

= Q2 

03 = Qa —  3 Q2 P 

= Q4 —  4 Q3 P1  6Q2 P2 +  12 Q2 P12 

06 — Q6  5Q4 P1  10 Q3 P2 +  2 0 01)12 

—  10Q2 P3 +  60 Q2 P2 P1  60 Q2 P13. 

B. C alculation of har monics and inter modulation products 

If the modulating wave is comprised of two cosine 
waves of different amplitudes, then in calculating dis-
tortion products it is necessary to expand expressions of 
the form (k1 cos 0, +14 cos 02)* in terms of unit powers of 
multiple angles, n being a positive integer. This can be 

done most conveniently by expressing the cosine terms 
in exponential form and applying the multinomial theo-
rem to expand the result. 
Thus, if 

y = [k1 cos 01 + kz cos 02[" 

1 
= —2* [ki expj01 + k1 exP — jei + kz exP j02 

kz exp — :10 2i n I 

then, by the multinomial theorem, 

kiorri-c2)kz(aa+a4) exp j{ (al — a2)01+ («a- 4021 

al .a2 .a3 !a4! .(18) 

al, az, as and a4 are positive integers or zero, and the 
summation extends over all possible values of al, az, az, 
and a4 consistent with the relation 

al + .22 + a3 + a4 = n.  (19) 

The coefficient of exp j(pOi +02), which is the same 
as that of cos (pOi+q02), is obtained by putting a1—a2 
=p, as — a4 = q. The coefficient of cos (01-01) is the 
same as that of cos (01-1-02), since it can be formed sim-
ply by interchanging the values of as and a4. 

The minimum value of az and a4 is zero. Let a2 =r 
then 

al = p + r 
n — p  q 

a3=   
2 

n — p — q 

a4=  2  r. 

It is clear that r attains a maximum value when «4=0 
and this maximum is i(n—p — q). Substituting for al, 
az, as, and a4, and summing over all possible values of r, 
the coefficient of cos (01±q02) given by (18) is 

n! 

2n-1 
14(P+2r) k2 "-p- 211 

rl(p+r)! (n--P---2-2  —r)!(n-2P-Fq —r)! (20) 

Only certain values can be taken by p and q. If n 
is even, p+q must be even, and if n is odd, p+q must be 
odd. Also, P+q cannot be greater than n. If either lel or 
kz is zero, the expression has a value only when either 
p-F2r =0 or n — p —2r =O. If n is even, y has a mean 
value which is of the value found by putting p= q = 0 
in (20). 

r=0 

C. Measurement of intermodulation distortion 

It was shown in Section VII that, if a carrier wave 
modulated by a wave C1 cosuht+Cs cos (421 (C2(<C1 
ws<4.)2) is passed through a network having a nonlinear 
phase characteristic, the h.f. component, C2 cos cosi, of 
the modulating wave becomes modulated in frequency 
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by a function of the 1.f. component. The modulated high-
frequency component is, from (14), 

(42  (AW 
(4 C  COS {W2t  - '  COS  11 CO  )1 • 

0)13 

(21) 

The intermodulation distortion is defined as the maxi-
mum variation of the quantity 

Aw 
1 -I-  cos Ohl) 

043  COB 

from its mean value. 
Suppose that the modulated carrier emerging from 

the network is applied to an ideal detector which yields 
an output proportional to the frequency deviation. 
From this output the component given by (21) is se-
lected by means of a suitable filter and applied to a dif-
ferentiating circuit (e.g., a series RC circuit of small time 
constant with the output taken across R) to produce a 

wave proportional to 

Awwi 
— C2w2 1   sin wit (k" ( — cos wit)} 

wn2  COB  

2  Aco sin {  (.4 w2t --(1/ ( — cos wit)} . 
COB 

This wave is applied to an amplitude detector which 
produces an output proportional to 

Awwi  Aw 
(02{1   sin wit (1)" (  cos wit)} • 

COB2  wB 

The alternating part of the output is filtered out and ap-
plied to an integrating circuit (a series RC circuit of 
large time constant with the output taken across C) to 
give an output proportional to 

CO2 ck , (ACO 

wB  COB 

COS  

the peak value of which may be mesaured by a vacuum-
tube voltmeter. The voltmeter may be calibrated to 
read directly the intermodulation distortion. 

A Study of Tropospheric Reception At 42.8 Mc. 
and Meteorological Conditions* 

GREENLEAF W . PICKARDt, FELLOW, I.R.E., AND HARLAN T. STETSONt, ASSOCIATE, I.R.E. 

Summary—From February, 1945, during its hours of operation, 
station W2XMN at Alpine, N. J., has been recorded at Needham, 

Mass., at a distance of 167 miles. W2XMN operates on a frequency 
of 42.8 Mc., at a power of 50 kw., and its daily schedule is from 1600 

to 2300, E.D.S.T. in summer and E.S.T. in winter. Analysis of the 
Alpine recording has shown that no part of the ionosphere is involved 

in the transmission, which is purely tropospheric. 
The Alpine fields show a marked seasonal change, being much 

higher in the summer than in the winter, and this has been found to 
be principally due to the seasonal changes in surface refraction along 

the transmission path. A controlling factor in the seasonal change of 
refraction is water-vapor pressure, which is at a maximum in the 

summer. 
All types of frontal passage are found to lower transmission, and, 

presumably because of wave-guide effects, the amount of field de-
pression caused by the passage of the front varies with the angle 
made by the front with the path. When the front is parallel with the 

path, the field is least depressed, but is lowest when the front makes 
a considerable angle with the path. 
High fields at Needham are usually followed by an increase in 

surface temperature along the path, the temperature reaching a 
maximum about 30 hours after the field maximum. Conversely, low 

fields are generally followed by falling temperatures, which reach a 
minimum some 30 hours after the field minimum. 
The best transmission along the Alpine-Needham path occurs 

when the wind velocity on the path is lowest, and the worst trans-
mission accompanies high winds, probably because of turbulence 
which breaks up favorable stratification in the lower atmosphere. 
Finally, the direction of air movement with respect to the path is 

related to transmission, Needham fields being higher when the wind 
is parallel with the path. The principal conditions favorable for trans-

mission over this path are therefore summer, high surface refraction, 
rising temperatures, low wind velocities, winds parallel with the path, 

and an absence of frontal passages. 

INTRODUCTION 

T
RANSM ISSION from the f.m. station W2XMN, 
operating on 42.8 Mc., at Alpine, N. J., is received 

  at Needham, Mass., distant 167 miles, on a 
half-wave dipole with reflector 50 feet above ground. In 
a conventional receiver a variable diode load is utilized 
to operate a Micromax single-pen recorder. The circuit 

• Decimal classification: R112.2. Original manuscript received 
by the Institute, December 19, 1946; revised manuscript received, 
February 10, 1947. l'resented, 1947 National I.R.E. Convention, 
March 6, 1946, New York, N. Y. 
t Cosmic Terrestrial Research Laboratory, Massachusetts Insti-

tute of Technology, Needham, Mass. 

is periodically calibrated with a Ferris Microvolter at 
42.8 Mc. when W2XMN is off the air. Because of the 
large fading amplitudes, the fields are transcribed from 
the recorder charts as log microvolts at the receiver. 
One microvolt at the receiver equals approximately 0.7 
microvolt per meter at the antenna. The charts are 
scaled for the median value of 20-minute intervals 
from which are derived hourly means and the mean 
nightly field for the seven hours during which Alpine is 
on the air each day. In the day-by-day comparisons 
given below with the tropospheric elements, a general 
use has been made of the ratio of the daily log field to a 
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running mean of 27 days, to eliminate the large seasonal 
changes of field, surface refraction, etc. It is realized 
that the use herein of a simple ratio between a daily 
logarithmic value and a 27-day mean of logarithmic 
values gives a distorted ordinate scale. The use of this 
ratio is justified by the fact that the correlations in-
volved are qualitative, rather than quantitative. 
The analysis employed throughout this paper, with 

the exception of seasonal and monthly plots of field 
and refraction, is the well-known method of taking a 
maximum .or minimum of one of the variables as an 
epoch, and determining the distribution of the other 
variable with respect to this epoch. If a sufficient num-
ber of cases is taken, the probable error of the mean 
values thus obtained is low enough to show any signifi-
cant correlation of the variables. 
It is appreciated by the authors, and will be im-

mediately recognized by meteorologists, that the tropo-
spheric elements here treated as independent variables 
are, in fact, rather closely interrelated, e.g., frontal 
passages and temperature changes. A more complete 
study than can here be given would therefore involve 
partial correlation between three or more var4bles. 

Seasonal Variation 

For the reason that Needham is some seven miles 
below the geometric line-of-sight from Alpine, as indi-
cated by the path profile of Fig. 1 (and about half this 
value, or some 3.5 miles, for average or yearly mean 
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Fig. 1—Profile of Alpine-Needham path. 

value of surface refraction on the path), the recorded 
fields are in general quite low, averaging only a few 
microvolts per meter and frequently falling below meas-
urable values (under 1 microvolt) for periods ranging 
from seconds to hours. During periods of good trans-
mission, peak values of the order of 20 microvolts per 
meter are frequently observed. 
The seasonal changes in Alpine fields at Needham are 

shown in the lower curve of Fig. 2, covering the period 
February, 1945, to June, 1946, the daily values of log 
field being smoothed by a running mean of 27. A maxi-
mum appears in August, 1945, and a minimum in Feb-
ruary, 1946. As the ordinates of this curve are loga-
rithmic, the actual smoothed mean field values range 
from 0.63 in February to 5.4 microvolts in August, or a 
range of nearly 1 to 9. The upper curve of Fig. 2 is 
surface refraction, and will be considered below. 

6 

Field Intensity and Atmospheric Refraction 

On long nonoptical paths it may be assumed that one 
of the principal controls is refractive bending of the 

• . 
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Fig. 2—Field reception of W2XMN on 42.8 Mc. at Needham, Mass., 
1945-1946. 

• 
wave. The magnitude of this downward bending de-
pends upon the lapse rate of atmospheric refractive in-
dex, and an exact evaluation of this would call for a 
detailed knowledge of the temperature, barometric pres-

sure, and vapor pressure everywhere in a vertical strip 
of the troposphere including the entire transmission 
path. While such measurements are readily made by 
radiosondes, such as RAOB, they were not available 
over the Alpine-Needham path, along which only sur-
face observations were at hand. The Weather Bureau 
stations at New York, Hartford, and Boston gave daily 
surface readings of temperature, barometer, and dew 
point, from the mean values of which the upper curve of 
Fig. 2 has been constructed by the formula. 

(n — 1) X 106 = 79/T(p + 4800 .e/T) 

where 

n =refractive index 
p= pressure in millibars 
e= vapor pressure in millibars 
T= temperature in °K. 

A comparison of the two curves of this figure shows 
good agreement as a seasonal matter, and it will also be 
seen that ome of the finer detail appears in both refrac-
tion and field. It may be assumed that the differences 
found are largely due to the imperfect character of sur-
face refraction. as an index of refractive lapse rate, and 
that if radio-sounding balloon observations for this 
path had been available a closer detail correspondence 
would have been found. 

In Fig. 3 daily values of surface refraction are given 
for July, 1945, and January, 1946. Here, in addition to 
the general difference in level between winter and sum-
mer months, the magnitude of the day-by-day change 
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in refraction is shown. It will be seen that these changes 
are relatively large, so that the lowest refraction in 
July fell below the highest value of January. 

37 
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340 

310 

July 1945 

5  10  IS  20 30 

Fig. 3—Calculated surface refraction of the atmosphere for Alpine-
Needham path for July, 1945, and for January, 1946. 

For the entire period investigated, February, 1945, 
to July, 1946, it was found that the index ranged from a 
low of 1.000296 on March 3, 1945, to a high of 1.000388 
n September 15, 1945. If it is assumed' that there is a 
uniform lapse rate from the surface value to unity at 
a height of 10 km., then 

r/(r -I- 10) = 1/n 

where 
r = radius of curvature in kilometers 
n =surface refraction 
10 = height of atmosphere for a continuous density 

gradient, 

and from this formula the radii of curvature for the 
minimum and maximum surface-refraction values given 
above are 33,800 and 25,800 km., respectively, or 5.31 
and 4.05 times the earth's radius. 
But, as is well known from sounding-balloon observa-

tions, the lapse rate is not at all uniform in the tropo-
sphere as a whole, the greater part of the refractive 
bending taking place in the first two or three kilometers 
above the earth's surface. The effect of this is naturally 
to increase the amount of wave bending, or, what is 
equivalent, to decrease the radius of curvature from 
that computed on the assumption of a uniform lapse 
rate. This may be illustrated by RAOB soundings at 
Albany, N. Y., which were first transformed into re-
fractive index at all levels in an air column some 10 km. 
high. Computing the amount of bending at various 
altitudes in this column, it was found that this was great-
est in the first 3 km. above the surface; so an air column 

1W. J. Humphreys, "Physics of the Air," McGraw-Hill Publish-
ing Co., New York, N. Y.; 3rd ed., 1940; pp. 468-469. 

3 km. high was taken, and separated into two sections, 
a top section from 2 to 3 km., and a bottom section 
from 0 to 1 km. Mean values of refraction for these sec-
tions were computed, and the radius of curvature de-
termined for two months, July, 1945, and January, 
1946, which are plotted in Fig. 4. It will be seen from 
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Fig. 4—Calculated radius of curvature of bending by atmosphere 
from RAOB observations above Albany, N. Y., for July, 1945, 
and for January, 1946. 

this figure that the highest and lowest values for bend-
ing are 17,700 and 36,500 km., corresponding to 2.8 and 
5.7 times the earth's radius, respectively, or a range of 
over 2 to 1. We have seen above that the high and low 
values for bending for these two months, computed on the 
basis of a uniform lapse rate, are 25,800 and 33,800 km., 
or a ratio of only 1 to 1.31. 
Although Albany is only some hundred miles north-

west of the center of the Alpine-Needham path, com-
parison of Figs. 3 and 4 shows there is only a general 
resemblance between the two pairs of monthly curves. 
This is, of course, to be expected for, in any day-to-day 
comparison, points 100 miles apart would often have 
both diffeient surface conditions, as well as different 

lapse rates. 
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Fig. 5—W2XMN field intensity grouped about epoch of maxima and 
minima fields in log microvolts. Maxima =2.0; minima-0.2i 

0.0 



1448 PROCEEDINGS OF THE I.R.E. December 

As a preliminary study of field intensities around days 
of maximum and minimum fields, the quantities in-
volved were first separately examined to find if their 
distribution around maxima and minima was favorable 
for day-to-day correlation. In Fig. 5 is given the dis-
tribution of Alpine log fields around maxima of --<-= 2.0 
and minima 5 0.2. It will be seen that the field distribu-
tion around epochs of maxima and minima is sym-
metrical, and that both the fall from maxima and the 
rise from minima to unity are rapid, and are nearly 
completed , in three or four days. In Fig. 6 the same 
study is shown of surface refraction, with essentially the 
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Fig. 6—Change of atmospheric surface refraction grouped around 
epochs of maximum and minimum fields. 

same result. In other words, the daily maxima and 
minima chosen are well above and below surrounding 
values. 

In Fig. 7 the upper curve shows the distribution of 
Alpine fields around maxima of surface refraction. The 
maximum field apparently occurs one day before maxi-
mum refraction; this apparent displacement is because 
the recording hours for Alpine are from 1600 to 2300 
E.S.T., so that the daily mean centers on 1930, while 
the surface readings of the Weather Bureau stations at 
New York, Hartford, and Boston, on which the re-
fractive index is based, are taken at 0130. The next 
day's refraction is, therefore, only 6 hours away from 
the day of field recording. In the lower curve of Fig. 7 
the process is reversed, and the distribution of surface 
refraction around maxima of Alpine field is given. A 
maximum of refraction now follows maxima of field by 
less than a day, for the reason that the morning read-

ings of refraction are 18 hours from the field readings of 
the same day. 

As a check on the relation shown by Fig. 7, the process 
was reversed, and minima of refraction and field were 
taken as epochs. Fig. 8 shows, in the upper curve, the 
distribution of fields around refraction minima, and in 
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Fig. 7—Upper curve: W2X1\IN field intensities around epochs of 
greatest refraction. Lower curve: atmospheric surface refraction 
around epochs of maximum fields of W2XMN. 

the lower, refraction around field minima. While the 
upper curve, as in Fig. 7, shows a displacement of field 
to one day before, refraction in the lower curve shows a 
minimum on the day of the field minimum. But the 
values used are not smoothed; if they were, the lower 
curve would show the same half-day displacement to 
the right as we find in Fig. 7, and for the same reason. 
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Fig. 8—Upper curve: W2XM N field intensities grouped about epoch 
of minimum surface refraction. Lower curve: surface refraction 
grouped about epoch of minimum W2XMN reception. 
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Variation of Field with Passage of Fronts 

Another frequent tropospheric event is the passage of 
, a cold front. In Fig. 9, in which the frontal passage is 
the epoch, curve A is the resultant effect upon Alpine 
field of the passage of seventy cold fronts, in the period 
February, 1945, to July, 1946, showing a lowering of 
field to 79 per cent of normal. Inasmuch as a front 
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Fig. 9—(A) Alpine fields in log microvolts versus passage of cold 
fronts. (B) Alpine fields versus passage of cold fronts parallel to 
transmission path. (C) Alpine fields versus passage of cold fronts 
making angle with transmission path between 0 and 30 degrees. 
(D) Alpine fields versus passage of cold fronts making angle with 
transmission path greater than 30 degrees. 

which is parallel with the path can improve transmission 
by forming a wave guide, such fronts have been sepa-
rated out in curve B, where it will be seen that the 
passage of such parallel fronts depresses the field to 91 
per cent of normal. In curve C is shown the effect of 
frontal passages making an angle of over 0 degrees with 
the path, but less than 30 degrees; here the field is 
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lowered to 84 per cent of normal. Finally, in curve D, 
which includes only fronts making an angle of over 30 
degrees with the path, we find the greatest depression, to 
74.5 per cent. It will be seen from this figure that, while 
all frontal passages lower reception, the amount of the 
depression is proportional to the angle made by the 

front with the path. 
There are two other types of surface fronts, the warm 

and the occluded. Although the number of warm fronts 
definitely crossing the transmission path during the 
period February, 1945, to July, 1946, was limited to 8, 
curve A in Fig. 10 shows a well-marked depression in 
field accompanying their passage. It is of interest to 
note that warm-front passages occur principally during 
periods of high transmission, as will be seen from the 
values reached two days before and after the front 
passage. Curve B, which is for occluded-front passage, 
shows that this type of front has relatively small effect 

upon Alpine fields. 

Fig. 10—(A) Alpine fields in log microvolts versus passage of warm 
fronts. Note that maximum transmission occurs two days before 
and after day of front passage. (B) Alpine fields versus passage of 
occluded fronts. Note small effect of such fronts on field strengths. 

Days Before  M or M  Days After 

4 

Fig. 11—Correlation of temperature in degrees centigrade with Al-
pine fields before and after days of maximum reception (A), and 
of minimum reception (B). 

It has been observed, from the very start of Alpine 
recording at Needham, that abnormally high fields are 
followed the next day by a rise in temperature. Fig. 11, 
which takes field maxima and minima as epochs, shows 
in curve A the relation of field maxima to temperature, 
the temperature reaching its highest value over two 

Doys Before  Max 
1.2 4 3  2  1 0  1 

0 

1"- 1.1 
cJ 

0 

U. 

09 
4 

0 

0.8 

Days After 
a 3  4 

Min 

Fig. 12—Alpine fields before and after days of maximum temperature 
(A), and of minimum temperature (B). 
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days after the field maximum. Actually, because of the 
different hours of recording fields and temperatures, the 
highest temperature is reached in something over 30 
hours from the highest field. Similarly, curve B shows 
that low fields are followed by low temperatures. 
As a check on the showing of Fig. 11, the process was 

reversed, and the distribution of fields around tempera-
ture maxima and minima was investigated, with the 
result shown in Fig. 12. Here, as shown by curves A 
and B, field maxima and minima occur before tempera-
ture maxima and minima, which is exactly the showing 
of the previous figure. 

Variations with Wind Velocity 

A well-defined relation between wind velocity on the 
transmission path and field has been found, and is 
shown in Fig. 13. In curve A the wind force, in Beau-
fort units, accompanying field minima shows a maxi-
mum one day after (actually, only 6 hours later), while 

Days Before  Max • Days After 
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 / 
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Fig. 13—Wind velocity before and after days of maximum (A) and 

minimum (B) Alpine fields. 

curve B shows a similar relation between maximum field 
and wind velocity. This is checked in Fig. 14 by revers-
ing the process, and now, of course, the field maxima 
and minima appear one day (actually, 18 hours), be-
fore the wind minima and maxima. 
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Fig. 14—Alpine fields before and after days of (A) maximum wind 

velocity, and (B) minimum wind velocity. 

The relation of wind direction to field has been pre-
liminarily studied, and it has been found that air move-

ment parallel with the transmission path is less of a dis-
turbing element than winds moving at an angle with the 
path. In curve A, Fig. 15, wind parallel with the path 
is taken as the epoch, and a maximum field is found one 
day before; actually, 6 hours before. Similarly, taking 
maximum field as the epoch, curve B shows a minimum 
wind angle with the path one day after, which is in 
agreement with curve A. 

em•••• 
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\ Tit 
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Fig. 15—Alpine fields versus angle of wind direction with respect to 
transmission path. (A) epoch (0) is for wind parallel with path; 
(B) shows angle of wind direction with path before and after day 
of minimum field. 

Finally, 2555 hourly averages of Alpine field, cover-
ing the period February, 1945, to January, 1946, inclu-
sive, have been analyzed for per cent of time field dis-
tribution, with the result shown in Fig. 16. This graph 
is plotted on arithmetic probability paper, and shows a 
nearly pure Gaussian distribution; the dotted straight 
line representing the normal law of error is closely ap-
proximated by the full-line curve derived from the 
data. 
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Fig. 16—Percentage distribution of Alpine fields, February, 1945, to 
January, 1946; 2555 hours. 

The field exceeded 50 per cent of the time, or the 
median value, is 7.5 db above 1 microvolt per meter, or 
2.4 microvolts per meter, while the 90 and 10 per cent 
exceeded fields are —2 and +13 db, or 0.8 and .4.8 
microvolts per meter, respectively. It must be borne in 
mind that the unit of measured field used here is a one. 
hour average. 

78 

.0 

6 

2 2 

8 

1, 

1 

I 1 

I 
at 05 2 5 10 20 40 an  .n ...... -- __ _ _ _  C 



1947  PROCEEDINGS OF THE I.R.E.  1451 

Measurement of Aircraft-Antenna 
Patterns Using Models* 

GEORGE SINCLAIRt, SENIOR MEMBER, I.R.E., E. C. JORDANt SENIOR 
MEMBER, I.R.E., AND ERIC W . VAUGHAN§, MEMBER, I.R.E. 

Summary—Methods of measuring the patterns of airborne an-
tennas using models have been investigated. The conditions which 
have to be satisfied in a model for accurate simulation are well known. 
However, in a practical model it is generally impossible to satisfy 
these conditions exactly, so it is necessary to consider the approxi-

mations which are permissible. 
Methods for measuring directly the patterns of transmitting and 

receiving antennas are described. For low frequencies it has been 
found advantageous to operate in a vertical direction instead of hori-
zontal when making such measurements, in order to control ground 
reflections. The equipment which has been used for measuring pat-
terns over a wide frequency range is discussed. 
A new method for measuring the patterns of antennas which 

makes use of the energy reradiated from a receiving antenna when 
excited by a plane wave has been developed. The reradiated field 
is distinguished from the exciting field by its modulation, which re-
sults from varying the impedance of the receiver periodically. The 
method has been found to be useful in determining the right- or 
left-handedness of elliptically polarized fields. 
The accuracy of model-antenna-pattern measurements is dis-

cussed. Short radial antennas mounted on cylinders have been found 
to be very useful in evaluating the accuracy of measurements, since 
their patterns can be calculated. 
Models have been used for measuring the patterns of a wide 

variety of antennas, including simple arrays. Propeller modulation of 

patterns can be studied with models. 

INTRODUCTION 

HE GREAT increase in number of aeronautical 
uses of radio in recent years, and the increase in 
frequency due to the advancement of the art, have 

created a pressing need for more accurate design in-
formation on aircraft antennas. Prior to World War II 
most aircraft radio installations employed relatively low 
frequencies and simple antennas. Since the performance 
of these antennas was comparatively satisfactory, little 
attention was given to determining the factors which 
influence the radiation patterns. A few measurements of 
aircraft-antenna patterns had been made, and these 
showed the existence of a small number of lobes. 
Much of the data needed to solve aircraft-antenna 

* Decimal classification: R221 X R326.21. Original manuscript re-
ceived by the Institute, August 4,1946; revised manuscript received, 
December 16,1946. Presented, 1946 Winter Technical Meeting, New 
York, N. Y., January 25,1946. 
The research described in this article was conducted in the de-

partment of electrical engineering, The Ohio State University, Co-
lumbus, Ohio, under contracts OEMsr-759 and NDCns-100 of the 
Office of Scientific Research and Development, Division 13 and 15 of 
the National Defense Research Committee. 
t Ohio State University Research Foundation, Columbus 10, 

Ohio. 
t Formerly, Ohio State University Research Foundation, Colum-

bus 10, Ohio; now, University of Illinois, Urbana, Ill. 
f Formerly, Ohio State University Research Foundation; now 

Superior Electric Company, Bristol, Conn. 

design problems can be obtained from full-scale meas-
urements on the actual aircraft, either in flight or on the 
ground. The immense amount of time, equipment, and 
personnel required to perform even the simplest pattern 
measurement in a flight test makes it impractical thus 
to attack the problem. Since aircraft for test use are 
often not available, it becomes important to devise 
other methods for investigating the patterns of airborne 

antennas. 
Models have long been used to study properties of 

antennas.'-" Methods for measuring the patterns of 
aircraft antennas using models have been described by 
Haller." Most of the measurements made on antenna 
models prior to World War II were limited to an upper 
frequency (in the model) of about 500 Mc. due to lack 
of suitable oscillators for higher frequencies. The oscil-
lators used were battery-operated units small enough 
for installation in the model. 

MODELING AN ELECTROMAGNETIC SYSTEM 

Model measurements in electromagnetic systems are 
based on the principle of electrodynamic similitude—a 
direct consequence of the linearity of Maxwell's equa-
tions."--'4 Consider an electromagnetic system M 
(model system) which is derived from another system F 
(full-scale or prototype system) by dividing all dimen-

1 M. Abraham, "Die elektrischen schwingungen um einen Stab-
formigen leiter, behandelt nach der Maxwellschen theorie," Ann. der 
Phys., vol. 66, pp. 435-472; 1898. 
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Dracht. Tele. und Tel., vol. 16, pp. 67-70; 1920. 
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sions of F by a constant factor n. Then it may be shown 
that systems M and F have geometrically similar fields, 
, provided that the parameters which are characteristic 
of the media comprising the two systems are related as 
follows: 

cm,umfm2 = n2en.iFfF2 

amAcatfm = n'arliPfr, 

where 

(1) 

(2) 

e =dielectric constant 
cr =conductivity 
= permeability 
f = frequency 
n =an arbitrary constant which determines the size 
of the model. 

The subscript M refers to the parameters of the model, 
and F to the parameters of the full-scale system. It is 
assumed that all media are linear, and that a consistent 
system of units is used. 
The quantities em, am, Pm, and n for the model may 

be chosen at will, provided only that (1) and (2) are 
satisfied and the media are linear. However, there is only 
one choice of values of practical interest in antenna 
models. It is most convenient to make the model meas-
urements in air and, since the air forms part of the 
prototype as well as of the model, it is necessary to 
choose em = ep (neglecting the possibility of a small con-
ductivity in the air). It is also necessary to choose 
=---kip so that it follows at once from (1) that fm =nfF, 

and from (2) that am =nap. The conditions to be satis-
fied for a model in air are summarized in Table I. 

TABLE I 

Quality Full-Scale 
System 

Model 
System 

Length 
Frequency 
Dielectric Constant 
Conductivity 
Permeability 

fF 

Cf 

AP 

Lm=1,Fin 
fu =4, 
--eir 

cry =nap 

;Au = AP 

SIMULATION OF DIELECTRICS 

For the accurate simulation of an insulating material 
the requirements in Table I must be satisfied for both 
dielectric constant and conductivity of the material. 
However, if the insulator is a high-quality dielectric of 
negligible loss, its conductivity usually can be neglected 
in designing the model. Since the only remaining condi-
tion on the material is that it have the same dielectric 
constant as the corresponding material in the prototype, 
the insulation for the model can be of the same material 
as in the prototype. 
It is sometimes necessary to model the conductivity 

of a lossy dielectric. Some aircraft are built of plywood 
with appreciable conductivity, so the error made in 
neglecting this factor must be considered. At low fre-

quencies the plywood is thin enough to have negligible 
effect on the propagation of waves, and at very high 
frequencies the conductivity is unimportant, so that 
for both these ranges the loss in the plywood can be 
ignored with little error. However, there is a middle 
range of frequencies where the conductivity appreciably 
influences the pattern. The construction of an accurate 
model for this range is difficult. 

SIMULATION OF METALLIC STRUCTURES 

It is impossible to satisfy the requirements on con-
ductivity when good conductors like copper and 
aluminum are used in the full-scale system and n has a 
large value. However, the large areas of metal forming 
airplane surfaces are essentially perfect reflectors for 
radio waves at all frequencies, so that if a good con-
ductor (copper) be used in the model, the error in simu-
lation will be small. 
The effects of inaccurate simulation of metals are 

most prominent with thin wires. If the metal used to 
model a wire has too low a conductivity, there is a 
change in the current distribution, and the pattern will 
be distorted. Since the high-frequency resistance of a 
wire is inversely proportional to the square-root of the 
conductivity, the error is most important with large 
values of n. 

SIMULATION OF PLANE REFLECTORS BY IMAGES 

It is often desirable to know the pattern of an antenna 
when mounted on an infinite plane reflecting surface. 
Use of a flat sheet of finite size will not serve, because 
there is much distortion of the pattern by the discon-
tinuity at the edges of the sheet. The principle of images 
is used in computing the patterns of antennas located 
on or above an infinite plane reflector, which suggests 
the actual construction of an image to replace a plane 
reflector. A mirror image of the model and a system to 
feed the correct currents to the model and its image 
are used. This method has been very useful in studying 
the fundamental properties of antennas. 

CO-ORDINATE SYSTEM USED IN MEASURING THE 
PATTERNS OF MODEL ANTENNAS 

The radiation from most airborne antennas is el-
liptically polarized, regardless of the antenna employed, 
so that in measurements of patterns the polarization 
as well as the magnitude of the radiated signal must be 
known. Ttle field at a given point in space is resolved 
into two components in a spherical co-ordinate system 
with the origin at the antenna. For an elliptically po-
larized wave these two components at a given point are 
not in time phase, so that for a complete specification 
of the field, measurements should be made of this phase 
angle. 

Aircraft may assume arbitrary orientations with re-
spect to the earth, so a co-ordinate system which is fixed 
to the airplane itself rather than to the earth is desira-
ble. A spherical co-ordinate system is commonly used 
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(see Fig. 1). The field radiated from the aircraft antenna 
(supposed located at or near the origin) may be resolved 
into two components Ee and E# at any point in space. 

O•u* 

l 'SO• 

Fig. 1—Spherical co-ordinate system showing orientation of field 
components relative to aircraft. 

The component E# is always horizontal when the plane 
is in level flight. The component .E• is purely vertical 
only when 0 = 90° (that is, for horizontal directions from 
the antenna). At the zenith 0 = 0° the component Et, is 
entirely horizontal. Therefore, the use of the terms 
"horizontally" and "vertically" polarized components as 
designations cannot be recommended. It should be 
noted that the angles 4) and 0 may vary over the follow-

ing ranges: 

00 5  <360° 

00 5 0 5 180°. 

(3a) 
(30  Fig. 2—The vertical pole used to support models for measurements of 

antenna patterns at low frequencies. 

In Fig. 2 a model is shown in position for measure-
ments. The model is held on a wooden frame carried on 
a cart on wooden tracks attached to the pole. The model 
transmitter is a self-excited oscillator with tone modula-
tion from an audio oscillator, all battery-operated. The 
receiver on the ground is conventional, with its antenna 
arranged to measure the desired field component. A hori-

The reciprocity theorem is of considerable impor-
tance in model measurements, since it permits measure-
ments to be made of the pattern under either transmit-
ting or receiving conditions (whatever the function of 

the full-scale antenna). 

MEASURING THE PATTERN AS A TRANSMITTING 
ANTENNA 

In this method a transmitter is used to excite the 
model antenna and the radiated field is explored with a 
receiver whose antenna is oriented to measure the de-
sired field component. The method is very convenient 
when the transmitter can be battery-operated and con-
tained within the model airplane. The receiving equip-
ment can be located at the observing position with no 
need to relay information from the model. 
Avoiding distortion of the test-antenna pattern by 

stray reflections from the ground and near-by objects is 
a problem. In the past, a solution has been obtained by 
locating model and measuring equipment on a high plat-
form (to avoid ground reflections). 
A better solution is to operate in a vertical direction. 

The earth forms a reflector for the receiving antenna lo-
cated directly under the model antenna. The model is 
supported on a tall wooden pole in an area clear of ob-
jects which might produce stray reflections. 

zontal dipole or a shielded vertical loop may be used. 
The height of the model above ground is chosen on the 
basis that the field produced by the antenna on the 
ground, if transmitting, would be essentially a plane 
wave in the region occupied by the model. 

MEASURING THE PATTERN AS A RECEIVING 
ANTENNA 

The pattern of an antenna when receiving plane 
waves may be determined by connecting a suitable re-
ceiver to it and measuring the receiver output as the 
direction and polarization of the incident wave are 
varied. The simplicity and compactness of receivers con-
structed for high frequencies make this method very 
convenient for investigating the patterns of aircraft-
antenna models. The receiver usually consists of a tuned 
detector, adequately shielded, no external power supply 
being needed. Since the transmitter is not inside the 
model, restrictions on its physical size and power-supply 
requirements are removed. 
The receivers generally used have consisted either of 

a bolometer or crystal detector with a single tuner. The 
incident field is tone-modulated, so that the detector 

output is an audio frequency. 
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A schematic diagram of typical equipment used at 
ultra-high frequencies is shown in Fig. 3, and the out-
door installation in Fig. 4. 

Sh.elded Coble 

Fig. 3—Diagram showing equipment used for measuring model an-
tenna patterns at high frequencies. 

The main difficulty with the method is that of ob-
taining a remote indication of the output of the re-
ceiver. For the frequency ranges where this method is 

Fig. 4—The electromagnetic horn and the model supporting struc-
ture. When measuring patterns, the separation between the model 
and the horn aperture is usually greater than shown. 

of most interest (model frequencies 500 to 10,000 Mc. 
approximately) the airplane model often provides 
enough shielding to permit the use of a cable to connect 
the receiver and the recording equipment. If the cable 
is carefully located with respect to the antenna on the 
model, the pattern distortion it causes can be mini-
mized. The cable comes out of the model at such a point 
as to make maximum use of the metallic portions of the 
model as a shield. The line leaves the model.in such a 
direction that the wires are normal to the direction of 
the incident electric vector. A simple test for pattern 
distortion is the observation of the receiver output when 
the wires are moved. Variation of output indicates dis-
tortion of the pattern. 
Two general types of oscillators have been used in the 

measurements. For the frequency range 600 to about 
3500 Mc. triode oscillators with type-GL-2C40 or -GL-
2C43 tubes have been employed. Above 3000 Mc. kly-

stron oscillators have proved to be very satisfactory 
The oscillators are tone-modulated, usually with a rec-i 
tangular wave shape. 
A horn type of radiator produces a field which is 

linearly polarized and nearly plane wave over the regio 
occupied by the model. The design of the horn is a com-
promise between two conflicting requirements: high di-
rectivity to reduce the effects of stray reflections, and 
low directivity so that the model can be fairly near the 
horn and still be in an almost uniform field. The horn 
can be rotated 90° about its long axis to change polariza-
tion. The TE01 mode is used in the waveguide to excite 
the horn. 

THE SUPPORTING TOWER 

The design of the model supporting structure is one ' 
of the most difficult problems encountered, and its so-

lution now leaves much to be desired. The structure 
must permit the model to be rotated in any arbitrary 
orientation with respect to the horn, must have a very 
low echoing area, and must be stable enough mechani-
cally to support a 20- or 30-pound model under ordinary 
weather conditions. Some of these requirements can be 
met to a high degree, but combining all the requirements 
in one structure is another matter. Structures in which 
models are supported on threads may be used for some 
tests, but are not flexible enough in operation for rou-
tine measurements. 
The type of structure used for most measurements !I 

may be seen in Fig. 4. The tower is a plywood tube some 
three inches in diameter with a small metallic head 
which has a horizontal shaft to hold the model. This 
shaft is rotated by gearing driven through a small fiber 
shaft inside the main post. The fiber shaft is motor 
driven and has a selsyn generator geared for transmit-
ting the angular position of the model to the observing 
position. The whole structure rotates about its vertical 
axis to provide the other degree of freedom required, and 
another selsyn generator is used here. 

The supporting post is slanted to clear the tail struc-
tures of the model airplanes, and is offset to place the 
model near the axis of the incident beam. The metal 
horizontal table provides a definite reflection surface in 
place of the random reflecting surfaces below the table. 
The reflection from the table sometimes interferes with 
measurements. It may be reduced by an absorbing layer 
of 377 -ohm-per-square conducting cloth one-quarter 
wavelength above the metal table. 

A NEW METHOD OF MEASURING ANTENNA 
PATTERNS 

Sometimes a transmission line from the model to the 
observing position cannot be used without distortion 
of the field. In order to eliminate the transmission line, 
a new method has been devised and developed. W. L. 
Everitt suggested that the energy to feed the model an-
tenna could be obtained from a remote transmitting 
antenna by electromagnetic coupling. Part of the en-



I, ergy induced in the model antenna reradiates, so that 
measurements of the reradiated field give the desired 
pattern. To distinguish the reradiated field from the un-
modulated primary field of the transmitting antenna, 
the former is modulated by connecting a periodically 
varying impedance to the terminals of the model an-
tenna. The radiation pattern of the model antenna is 
found by measuring the audio output of a suitably lo-
cated receiver. A schematic diagram of the equipment 

used is shown in Fig. 5. 

Woveguide  Horn 

Tronsnutterl Receive/ 

Wood Platform 4   

Fig. 5—Diagram of equipment for a new method of 
measuring antenna patterns. 
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modulation, with nearly zero audio output from a de-
tector. If the phase angle between the vectors is other 
than 90°, a combination of phase and amplitude modu-
lation results, except when the angle is 0° or 1800; in 
which case pure amplitude modulation is then obtained. 
This gives correct operation, and is had by varying the 
phase angle until the audio output is a maximum. The 
phase angle is varied by changing the distance to the 
model. This phasing adjustment is important, and must 
be made for each recorded point on the pattern. 

METHODS FOR MODULATING THE RERADIATED 
SIGNAL 

The current which flows in the model antenna when 
it is placed in a uniform field is dependent on the pat-
tern of the model antenna for reception. The magni-
tude of the reradiated field in any direction is fixed 
both by the antenna current and the directional pat-
tern of the model antenna for transmission. The re-
radiated field is thus proportional to the product of the 
two patterns. In general, the desired pattern cannot be 
found from the data unless the equipment is arranged to 
make the measured pattern equal to the square of the 
desired pattern; that is, by making the paths traversed 
by the transmitted and reflected rays coincident. This 
is done by mounting the transmitting and receiving an-
tennas in the same wave guide. 
Because of the extremely close coupling between the 

antennas in the wave guide, a large amount of unmodu-
lated signal is applied directly to the receiver. This volt-
age, rectified by the crystal detector in the receiver, pro-
vides bias for the detector and also makes sure that the 
sidebands of the reradiated signal are rectified linearly. 
The important components reradiated by the model an-
tenna are the sidebands, since the carrier component is 
very small compared with the direct field from the trans-
mitting antenna. When the weak modulated signal from 
the model antenna is combined with the strong unmodu-
lated carrier received directly from the transmitting an-
tenna, the resultant signal has a carrier which is nearly 
independent of the carrier of the modulated signal. This 
resultant signal has a very low percentage of modulation 
due to the modulation on the carrier from the model. 
Detectors are essentially linear for such signals, which 
makes calibration unnecessary when only relative indi-
cations of field strength are required. 
The carrier and sidebands must be combined in the 

proper phase. If the sideband vectors are combined 
with the carrier vector to make the angle between them 
90°, phase modulation is obtained instead of amplitude 

The modulator used in the model consisted of a bat-
tery-driven reed vibrator with contacts which open- and 
short-circuit the end of a transmission line of suitable 
length, connected to the model antenna. The wave shape 
of the resultant modulation is roughly rectangular. By 
using stub lines in shunt with the main transmission 
line, the system can be tuned to obtain maximum en-
ergy in the sidebands. The reed vibrator was designed 
to minimize discontinuities in the transmission line, and 
polystyrene insulation was used throughout. The large 
size of the contacts in these units limited the amount of 
modulation which could be produced at high frequen-
cies, the upper frequency limit of operation being about 
2000 Mc. 
An alternative system of modulation was proposed 

by S. Bertram in which a nonlinear impedance (such 
as a crystal rectifier) is used. This method has been tried 
using a type 1N21 crystal biased with an audio-fre-
quency voltage. This type of modulator may permit ex-
tension of the method to much higher frequencies. 
The auxiliary equipment employed was essentially 

the same as that described in the previous method. 

DESIGN AND CONSTRUCTION OF THE MODEL 

The model airplanes used are simply scale models of 
the prototype aircraft. However, it is obviously impossi-
ble accurately to model every detail of the airplane, so 
that some basis must be found for determining the de-
gree of detail required. In general, portions of the air-
craft structure which are very small in terms of wave-
length have a negligible effect on the pattern. An excep-
tion occurs in thin wires which carry appreciable cur-
rents; these must be modeled. Larger components must 
be constructed with an accuracy which depends on the 
extent to which they carry currents and influence the 
pattern. 
The most satisfactory models for ease in handling 

and convenience in the measurements have been those 
formed of sheet-copper. These are made by hard-form-
ing copper over a white pine shape. The copper used is 
about 0.022 inch thick. A simpler method of making 
models is to use wood (pattern-maker's white pine) 
made conducting by spraying the completed model with 
metallic copper (the so-called metallizing process); this 
is best done over a zinc undercoat. 
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MODELING THE ANTENNA SYSTEM 

The problems involved in modeling most types of an-
tenna systems are those of eliminating portions of the 
antenna system which are unimportant as far as the pat-
tern is concerned. The model should be designed to be as 
simple as possible and yet preserve the principal char-
acteristics of the current distribution on the radiating 
portions of the system. The patterns of most antennas 
are insensitive to the impedances of the devices con-
nected to their terminals. It is usually permissible to 

To Rec  ,,, 

Fig. 6--A cross section of a typical model antenna. 

ignore the nature of the structure inside the airplane 
and model only the external portion. Important excep-
tions occur in the cases of antenna arrays and parasiti-
cally excited antennas, since their patterns may depend 
on the impedances connected to their terminals. If the 
relative pattern of an antenna may be expected to be in-
dependent of the impedances of circuits inside the air-
craft, then only the external portions of the antenna 
need to be modeled; otherwise it is necessary to model 
the interior portions also. If only the external structure 

Fig. 7—One-half of a model with antenna and receiver in position. 
A fiber rod for adjusting the receiver tuning projects from the 
tail. 

is modeled, it is unnecessary to make a model of the 
connector at the base of the antenna. The requirements 
of Table I should be observed in designing external por-
tions of the model antenna system to obtain accurate 
simulation. 

Fig. 6 shows a section of a typical model of a whip an-
tenna. The taper section at the base of the antenna 
should be noted. If the opening in the skin is too large, 
radiation from the open end of the transmission line may 
distort the pattern. The opening in the skin is generally 
made less than 0.125 inch in diameter. Fig. 7 shows an 
installation in an airplane model. 

ANTENNAS WITH BALANCED FEED SYSTEMS 

In the measurements it is convenient to use coaxial 
transmission lines wherever possible, since suitable 
balanced transmission lines, connectors, and tuners are 
difficult to design. In order to avoid balanced transmis-
sion lines, balanced-to-unbalanced transmission-line con-
verter units are required. The best method for perform-
ing the conversion has been found to be the use of the 
so-called "balun"5 type of circuit. Quarter-wave-type 
skirt converters have been used to a limited extent. 
Another method for feeding a balanced type of an-

tenna from coaxial transmission line is shown in Fig. 8. 
This method is employed to feed models of loop anten-
nas used in studying the errors of radio-compass loops. 

Fig. 8—Method of connecting a balanced loop antenna 
to a coaxial line. 

MODELING ANTENNA ARRAYS 

The modeling of antenna arrays and other direc-
tional systems presents special problems. The patterns 
of such antennas often depend on the impedances of the 
circuits attached to their terminals inside the airplane. 
It is much more difficult to make an accurate model for 
simulating impedances than for patterns. Two types of 
two-element antenna arrays in which power is fed to 
both elements have been successfully modeled with both 
elements in-phase and with elements out-of-phase while 

It is believed that the word "balun" was coined by A. Alford 
to signify a device suitable for coupling a balanced load to an un-
balanced transmission line. This device was originally termed a "ba-zooka." 

Ii 



'carrying equal currents. The method used is shown . schematically in Fig. 9. No attempt is made to simulate 
the impedances of the elements, the only precaution 
taken being to construct the elements as nearly alike as 
possible. The actual feed system of the array is replaced 
with the single-wire-type transmission line, as shown. 
The length of the line between the elements is chosen so 
that the distance along the line from the feed point to 
each element is an odd number of quarter-wavelengths. 
In quarter-wavelength lines the current through the 
load is approximately equal to the input voltage divided 
by the characteristic impedance of the line, and this 

1 current is nearly independent of the magnitude of the 
load impedance. For arrays fed in-phase with equal 
currents, the feed point is at the center of the line. For 
arrays fed with equal currents out-of-phase, the line 
feeding one element is made a half-wavelength longer 
than that feeding the other. This design of feeding sys-
tem makes it possible to compensate for small errors in 
the system by merely sliding the feed tap along the line. 
If additional adjustment is required, the length of one of 
the antennas may be changed slightly. 

Antennas 

.Skin 

Fig. 9—Method of feeding simple two-element antenna arrays. Feed 
connection is at A for antenna currents in phase, and at B for 
phase opposition. 

The accuracy of the phasing obtained by the above 
method usually can be estimated from the pattern. Ar-
rays on aircraft are usually located in such a position as 
to have at least one plane in which the pattern is sym-
metrical. The model array can then be adjusted until a 
symmetrical pattern is obtained. 

CALIBRATION OF EQUIPMENT 

The measurements generally made on model anten-
nas yield only patterns on a relative basis of magnitude. 
If it is desired to obtain the pattern in absolute terms 
(for example, field intensity in millivolts per meter at 1 
mile for 1 kilowatt radiated), it is necessary to have a 
means for calibration. Two methods are available for 
making such calibrations: comparison with an antenna 
of known performance such as a dipole, or by integra-
tion of the Poynting Vector."36 The latter method was 
employed in the present investigations. This method 
of calibration yields the field intensity in terms of the 
power radiated only, since it neglects any internal losses 
in the antenna. As the internal losses in most aircraft 

14  F. E. Terman, "Radio Engineers' Handbook," McGraw-Hill 
Book Co., New York, N. Y., 1943; pp. 782-784. 
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antennas at high frequency are small, the approxima-
tion is a good one. Receiving antennas may be cali-
brated in terms of open-circuit voltage produced per unit 
of field intensity of an incident plane wave of specified 
polarization. 

ACCURACY OF MEASUREMENTS 

The accuracy of a specific model measuring apparatus 
is difficult to determine, since it depends to a large ex-
tent on the particular antenna under test. If the model 
is small in terms of wavelength, it is generally easy to 
obtain uniformity of field over the model, but it is dif-
ficult to prevent distortion of the pattern due to lead 
wires. On the other hand, if the model is large in terms 
of wavelength, distortion due to lead wires can be kept 
to a small amount, but uniformity of field over the re-
gion of the model is much more difficult to achieve. 
A highly directional antenna is used at the observing 

position to minimize stray reflections from the ground 
and from surrounding objects. This means that the 
model must be placed a considerable distance from the 
observing position to be in a uniform field. However, the 
actual separation which can be used is limited by a num-
ber of factors, principally the sensitivity of the equip-
ment and stray reflections. 
The amount of inaccuracy which nonuniformity of 

the beam causes in measurements on a specific antenna 
is difficult to evaluate. Measurements can readily be 
made of the variation of field intensity over a given re-
gion. The interpretation of this variation in terms of er-
rors in measuring a given antenna pattern is extremely 
difficult. The most satisfactory evaluation, so far, comes 
from measurements on antennas with known patterns. 
The simplest antenna to construct whose pattern is 

known is a dipole in free space. If such an antenna is 
placed in the field at any point, properly oriented, and 
rotated about its own center, the well-known figure 8 
pattern is obtained. However, such a procedure merely 
probes the field in a small region, and an excellent ap-
proximation to the theoretical pattern is usually ob-
tained even when the field is known to be quite nonuni-
form. If the dipole is made to traverse a circle a few 
wavelengths in diameter, some indication of the non-
uniformity of the field is obtained. However, the inter-
pretation of such data (in terms of distortion of the pat-
tern of an aircraft-antenna pattern) is difficult because of 
the unknown effect of the reflection and shielding from 

aircraft surfaces. 
The test antenna should include metallic surfaces and 

preferably should approximate the situation with air-
craft antennas. At first thought an antenna mounted in 
the center of a large disk would seem suitable, on the as-
sumption that the pattern is essentially that of an an-
tenna on an infinite plane. Measurements show, how-
ever, that a finite disk is a very poor simulation of an 
infinite plane. The discontinuity represented by the edge 
of the disk is by no means negligible, and standing waves 
are set up on the disk to produce considerable distortion 
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of the pattern. Increasing the size of the disk merely 
increases the number of spurious lobes in the pattern, 
without appreciably decreasing their intensity. At-
tempts to suppress the standing waves by terminating 
the edges of a disk have been partially successful. How-
ever, the diffraction of the waves over the edge of the 
disk remains to produce considerable differences be-
tween the measured and calculated patterns. 
A method for calculating the patterns of dipole and 

loop antennas mounted on or near infinitely long cylin-
ders has recently been devised.'" The patterns of an an-
tenna mounted on a cylinder which is finite in length 
will not be greatly different from those calculated for an 
infinitely long cylinder, especially if the antenna is lo-
cated midway between the ends of a long finite cylinder 
and only the patterns in the plane through the antenna 
perpendicular to the axis of the cylinder are used. 
Fig. 1018 shows a comparison of the measured curve 

and the calculated points for the pattern of a short radial 
dipole antenna projecting from the surface of a cylinder 
one-half wavelength in diameter. If the axis of the cylin-
der coincides with the polar axis (0 =00 in Fig. 1) with 
the antenna at the origin, the patterns are for the E, 
component in the plane 0 = 90°. 

Fig. 10—Pattern of short radial antenna on a cylinder one-half wave-
length in diameter. Points computed. Curve measured at 1000 
Mc. 

Figs. 11 and 12 illustrate the agreement which is ob-
tained between measurements and calculations for the 
patterns of simple antenna arrays mounted on cylinders. 
The arrays consisted of short radial dipole antennas 

17  P. S. Carter, "Antenna arrays around cylinders," PROC. I.R.E., 
vol. 31, pp. 671-693; December, 1943. 

1. The patterns of Figs. 10 to 16 were measured by Robert A. 
Fouty. 

Fig:11 —Patterns of array of two radial antennas on cylinder one-half 
Wavelength in diameter. The antennas were mounted 120° apart 
on -the circumference and fed, in phase. Points computed. Curve 
measured at 1000 Mc. 

Fig. 12—Same as Fig. 11, but antennas 
fed in phase opposition. 

mounted 120° apart on a circumferential circle of a cyl-
inder one-half wavelength in diameter. The E, com-
ponent in the plane 0 = 90° was measured. 
Approximate calculations of the patterns in certain 

planes for slot antennas mounted on cylinders can be 
made. The method of calculation and the assumptions 
involved are described in the Appendix. Fig. 13 shows 
the measured and calculated patterns for an axial slot 
antenna in a cylinder 1.25 wavelengths in diameter. 
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Fig. 14 is the same for a transverse slot in a cylinder 
1.25 wavelengths in diameter. This pattern shows that 
the assumption of sinusoidal distribution of field inten-
sity in the slot is approximately correct. 

Fig. 13—Pattern of a narrow axial slot three-quarters wavelength 
long, in a cylinder one and one-quarter wavelength in diameter. 
Points computed. Curve measured at 3000 Mc. 

Fig. 14—Pattern of a narrow transverse slot three-quarters wave-
length long, in a cylinder one and one-quarter wavelengths in di-
ameter. Points computed. Curve measured at 3000 Mc. 

Many similar measurements have been made to test 
the agreement between measured and calculated pat-
terns. Such a procedure produces confidence in the ac-

curacy of the measurements but does not yield a com-
plete proof of the accuracy of the measurements on air-
craft model antennas. The best proof so far has been the 
measurement of the patterns of a given antenna, using 
various scales in the modeling. Fig. 15 compares the pat-
terns of a simple quarter-wave antenna mounted on 
1/20- and 1/40-scale models of a B-17. The measure-
ments were obtained by choosing locations in the beams 
from the horns where previous measurements had shown 
that accurate patterns of antennas on cylinders could 

be obtained. 
It is known that some of the differences in the pat-

terns are due to differences in the models. The remain-
ing discrepancies are due to nonuniformity of the beams, 
mechanical inaccuracies, etc. Bolometer detectors were 
used for the measurements. 

Fig. 15—Patterns of the E. component in the horizontal plane 
(0=90°) for a vertical stub antenna mounted in a B-17. Full scale 
frequency, 150 Mc. Above: 1/20-scale model. Below: 1/40-scale 
model. 

Comparison of patterns of aircraft antennas obtained 
using models with full-scale measurements have been 
made by other laboratories. In most cases the agreement 
is reasonably good. The difficulties in making full-scale 
pattern measurements make it hard to decide whether 
the discrepancies which do exist are in the full-scale or in 

the model measurements. 
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MISCELLANEOUS INACCURACIES 

At the high frequencies used in the model measure-
ments, it is feasible to use antennas having sufficiently 
high directivity to eliminate most of the effects of plat-
form reflections. Reflections have been noticed when 
the model frequency has been reduced below 300 Mc. 
At these frequencies it is better to use a vertically ori-
ented measuring setup (as described earlier) which is 
not affected by ground reflections. 
There are many other possible sources of inaccuracy, 

such as deviations of detectors from assumed law of op-
eration, nonlinearity in amplifying and recording equip-
ment, sluggishness of recorder, noise and hum, fre-
quency and amplitude instability in oscillators, etc. 
These sources of error are subject to test and their ef-
fects can be definitely evaluated and minimized. 

SPECIAL APPLICATION OF MODELS 

Models are particularly useful in investigations of 
the factors which influence the patterns of aircraft an-
tennas. It is possible to make modifications of the struc-
ture of a model airplane which would be impractical in 
full-scale tests; for example, the empennage of ha model 
may be completely removed to observe its effect on the 
pattern. 

Three-dimensional patterns of antennas are readily 
obtained with models. Fig. 16 shows the patterns of a 
vertical stub antenna which were measured on a 1/20-
scale model of a B-24 bomber. The antenna was one-
eighth wavelength long and was mounted on top of the 
fuselage, centered above the wing. It should be noted 
that, even though a vertical antenna was used, a con-
siderable portion of the energy is radiated in the Zs, 

Fig. 16—Three-dimensional patterns of a one-eighth wavelength 
vertical antenna on top of fuselage of a B-24. Right-hand pattern 
is the E. component and left-hand is E. component. 

(horizontally polarized) component. This change in po-
larization is due to currents which flow on the surface of 
the aircraft. 

PROPELLER MODULATION iIn choosing locations for antennas on propeller-driven 4 

aircraft, consideration usually must be given to the ' 
amount of modulation the rotation of the propeller may 
introduce into the signal. The propeller blades may have 
currents induced in them and act as parasitic radiators. 
The disturbance of the pattern of the antenna varies 
with the rotation of the propeller to produce a modula-
tion of the signal. Much useful information on the 
magnitude and wave shape of the modulation of the 
signal due to propellers may be obtained using models. 
For a given direction of propagation of the signal, it is 
merely necessary to observe the variation of signal when 
the orientation of the propeller is varied. Tests have 
shown that the percentage of propeller modulation pre-
dicted from model tests is in substantial agreement with 
actual full-scale measurements. 

MEASUREMENTS OF ELLIPTICITY 
OF POLARIZATION 

The fields radiated from most aircraft antennas have 
been observed to be elliptically polarized at the higher 
frequencies. For complete information on the field ra-
diated from a given antenna, it is necessary to measure 
the orentation of the ellipse of polarization and also the 
direction of rotation of the electric intensity vector 
around the ellipse. This information can be found by 
model measurements. 

The major and minor axes of the ellipse of polarization 
at a given point in the field can be determined by ro-
tating the horn about its long axis to determine the di-
rections and magnitudes of maximum and minimum 
signals. This may be done using any of the methods of 
measuring patterns which have been described. The di-
rection of rotation around the ellipse can be determined 
by observing the changes in the phasing adjustment re-
quired in the reflection method fos measuring patterns, 
described above. 

The rotation of the polarization is said to be right-
handed if the electric vector rotates clockwise when 
looking toward the source of the field. The reverse di-
rection of rotation is called left-handed. If the trans-
mitting antenna is oriented to measure the major axis 
of the ellipse with correct phasing adjustment, and then 
rotated clockwise (when looking toward the model), 
right-handed polarization will require a decrease in the 
separation between the model and the transmitter to 
maintain correct phasing. Left-handed polarization will 
require an increase in separation. 

CONCLUSIONS 

Models have become a very powerful tool in the de-
sign and development of aircraft antennas of all types. 
Techniques are available for modeling the important 
pattern characteristics of practically every antenna 
likely to be employed on aircraft. In studies of the fac-
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tors which may affect the pattern of an aircraft antenna, 
model tests provide a much larger amount of data than 
is obtainable by any other method. 
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APPENDIX 

AXIAL SLOT ANTENNA ON A CYLINDER 

It is possible to calculate approximately the pattern 
of a rectangular slot antenna on a cylinder by assuming 
a distribution for the field across the slot. The problem 

• is simplified by assuming the cylinder to be infinitely 
i long. In general, the pattern of greatest interest is that 
in a plane normal to the axis of the cylinder. This pat-

f tern is essentially independent of the axial distribution 
t assumed for the slot, so the slot may be infinitely long 
with no axial variation of the field. 
Consider a perfectly conducting cylinder of radius a 

and of infinite length, with a slot of angular width 44. 
The slot is parallel to the axis of the cylinder and in-
finitely long. Assume that the exciting electric field is 
uniformly distributed in the slot and polarized such 
that there is only a circumferential component of elec-
tric intensity E# (in cylindrical co-ordinates). Then the 
boundary conditions on the surface of the cylinder p = a 

are 

E,I,. = Eoe‘wi 

= 0 

4  00 
— 4 — < 4. < —  (4) 
2  2 

(ko 
I 411 > —2- •  (5) 

This field distribution may be resolved in a Fourier 
series of the form 

E.  = E 
—co 

The coefficients Cn are readily found to be 

Eo  • (n4lo 
ca =--  sin 

nw  2 

(6) 

(7) 

The field outside the cylinder may be represented by 
an infinite series of Hankel functions." 

"See page 525 of footnote reference 14. 

00 

E4. = ikALW E 

where 

.I/n2(z) = Hankel function of the second kind 

11. "(z)= —  
dz 

(8) 

k= 27/X 
IA = permeability 
X = wavelength. 

M.k.s. units are used. When p=a, (8) must be identical 
with (6). Hence, equating corresponding coefficients, it 

is found that 

E0 sin ( —n(1) ) 
2-

a. =   
ikµcon1rH.(2)1 (ka) 

(9) 

and the external field is determined. 
The pattern is obtained by evaluating (8) at distances 

from the cylinder which are large compared to the di-
ameter of the cylinder and to the wavelength. Inserting 
the asymptotic expansions for the Hankel functions and 
assuming that only a few terms of the series are needed 

(say I n I no) and that 

4. n o 
sin 

(t.o 2 
—  for  I n I no, 
2 

there results 

where 
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A  nip  ei(n40-1-nr/2-fult) 
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2- 
A = &op,V _ e--0k1-,14). 

rkp 

(10) 

(12) 

Equation (11) was used to compute the points in Fig. 

13. 

TRANSVERSE SLOT ANTENNA ON A CYLINDER 

The pattern for a rectangular slot antenna whose 
longest dimension is circumferential to the cylinder 
cannot be calculated as accurately as that for an axial 
slot, since the circumferential distribution of the elec-
tric field in the slot is known only approximately. An 
approximation to the pattern may be obtained by as-
suming a sinusoidal distribution. Since the pattern of 
most interest is that in a plane normal to the axis of the 
cylinder, and is not greatly affected by the distribution 
axially, the slot may be assumed infinitely wide axially. 
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The field at the surface of the cylinder p = a is assumed 
to be 

ire, 
E, I,—• = E0 cos (--)eGot 

Ea p... = 0 

(4o   -4 —   
2 —   

This may be resolved in the Fourier series 

where 

b„ — 
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E, = E dx„(2)(kp)eino,., (17) 

(13)  and comparing coefficients of corresponding terms in 
(15) and (17) when p =a, it is found that 

00 

n•--co 

„ 
(14)  d„ =  b  (18) 

H„ (2) (ka) 

Inserting this in (17) and using the asymptotic expan-

(15) 
sions for the Hankel functions , the field at  large  dis-
tances from the cylinder is obtained 

(16) 

Assuming the external field is represented by Hankel 
functions" 

tl•••—‘0 

( cos n(14  
2 

(7 2 _  11 2002)//n (2)(k a ) 
(19) 

where A is given by (12). 

Equation (19) was used to compute the points in Fig. 
14. 

Microwave Antenna Measurements* 
C. C. CUTLERt ASSOCIATE, I.R.E., A. P. 1U NGt, SENIOR MEMBER, I.R.E., AND 

W . E. KOCKt, SENIOR MEMBER, I.R.E. 

Summary—A description is given of the techniques involved in 
measuring the properties of microwave antennas. The measuring 
methods which are peculiar to these frequencies are discussed, and 

include the measurement of gain, beam width, minor lobes, wide-
angle radiation, mutual coupling between antennas, phase, and 
polarization. The requirements of the antenna testing site are taken 
up, and components of a complete measuring system are briefly 
described. 

I. INTRODUCTION 

THE RAPID progress in the art of microwave 
radio during the past few years has produced 
equally great advances in the development of 

microwave antennas. At these extremely short wave-
lengths it becomes feasible to construct compact radiat-
ing systems whose dimensions may be very large in 
comparison to the operating wavelength. Usually these 
structures are small enough to be placed in a rotatable 
mount, so that the antenna beam may be steered or 
pointed over a range of angles. In fact, it is generally 
more convenient to measure the radiation pattern by 
rotation of the antenna, instead of by the more conven-
tional method of exploring the surrounding stationary 
field. These antennas are also distinguished .by their 
relatively high gain and their ability to confine the 
radiant energy in a sharply defined beam. In many 
cases these structures are novel in form. Their designs 
are often based upon the principles of geometric and 
physical optics, and the associated circuits usually em-

* Decimal classification: R221 X R326.8. Original manuscript re-
ceived by the Institute, July 29, 1946; revised manuscript received, 
November 15, 1946. 
t Bell Telephone Laboratories, Inc., New York, N. Y. 

ploy wave guides. It is to be expected, therefore, that 
the study of these newer types of antennas should intro-
duce radically different methods of measurement. It is 
the purpose of this paper to consider the new problems 
involved and to describe the measuring techniques em-
ployed. 

Unless otherwise stated, the techniques described 
herein are those which were gradually evolved and are at 

present in use at the Deal and Holmdel Laboratories 
of the Bell Telephone Laboratories. Many of them 
originated during the early development of wave-guide 
techniques and microwaves. Further improvements 
were made during the extensive radar antenna investi-
gations conducted more recently both at Deal and at 
Holmdel. 

General 

In the investigation of antenna characteristics the 
four main factors of interest are gain, beam width, 
spurious radiation, and impedance. These factors are 
frequently, interdependent and, in a general way, any 
one of them can be altered only at the expense of the 
others. Their relative evaluation is largely dependent 
upon the purpose for which the antenna is to be used. 
Since the antenna is a link in an energy transmission 
system, the antenna gain is nearly always an important 
factor. In an elementary communication system, for 
example, the beam width, spurious radiation, and im-

pedance are of interest only as they may affect the gain. 
However, when the system involves more than one 
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transmission path, the spurious radiation (minor lobes 
and radiation to the rear) becomes important, espe-
cially when communication facilities are congested in a 
given area, and it becomes necessary to avoid interfer-
ence or cross talk. Furthermore, if the antennas are 
closely spaced, their mutual coupling becomes im-
portant, and if it is necessary to identify or select dif-
ferent transmission paths in nearly the same direction, 
as occurs in radar target identification and may happen 
in communication circuits, beam width, symmetry of 
the beam, and the adjacent minor lobes may be the 
most important considerations. Thus, in order to be 
completely cognizant of the properties of a microwave 
antenna, it is necessary to study the radiation intensity 
in all directions. There are some applications in which 
the relative phase and polarization of the radiated wave 
must also be appraised. In addition to a study of the 
radiation characteristics, the impedance of the antenna 
must be controlled and measured, especially when used 
in conjunction with band-pass circuits, in order that the 
system perform properly over the desired band. Since 
the measurement of impedance is, in general, no different 
than for other wave-guide structures, it will not be 
considered in this paper. 
Generally, an antenna may be classified as either 

end-fire or broadside, depending on whether the direc-
tivity is determined primarily by its length or its area 
perpendicular to the direction of propagation. Many 
measurement problems are more easily analyzed in 
terms of a broadside type of radiator, and in general, 
only this type will be considered in this paper. The 
results arrived at will be applicable for the most part to 
end-fire antennas of directivity comparable to the given 
broadside structure. 
According to the law of reciprocity, equivalent an-

tenna characteristics will be exhibited whether the 
antenna under test is used as a transmitter or a receiver. 
Consequently, in the measuring techniques to be de-
scribed, the antenna under test is sometimes considered 
as transmitting and at other times as receiving. 

II. MEASUREMENT OF GAIN 

The gain of an antenna is defined as the ratio of its 
maximum radiation intensity (power flow per unit area) 
to the maximum radiation intensity of a standard 
antenna, both antennas being equally energized. In 
the past, this standard antenna has been a half-wave 
dipole, but in microwave measurements it has been re-
placed by a hypothetical antenna which radiates uni-
formly in all directions, i.e., an isotropic' radiator. When 
the gain is compared to that of this isotropic radiator, 
it is defined as the absolute gain of the antenna. 
At wavelengths of several meters or more it is neces-

sary to distinguish between two gain definitions, namely, 
directivity gain, which is a measure of the receiving 

S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand 
Co., Inc., New York, N. Y., 1943; p. 335. 

antenna's ability to discriminate against atmospheric 
noise by reason of its sharp directional properties, and 
signal gain, which takes into account heat and other 
losses in the antenna structure. These losses are im-
portant in transmitting antennas as they reduce the 
power radiated, whereas in the receiver, sensitivity is 
limited by atmospheric noise, and directivity gain is 
more important. At microwaves, however, receiver 
sensitivity is limited by set noise (first-circuit noise) 
rather than by atmospheric noise, and losses in the an-
tenna impair the sensitivity of a receiver just as seri-
ously as they impair the efficiency of a transmitter. For 
this reason the concept of directivity gain is less im-
portant at microwaves, and in what follows the term 
"gain" will imply "signal gain." 
An antenna of given area exhibits maximum gain 

when the energy distribution, phase, and polarization 
are uniform across its aperture; the gain of such a 
"uniphase, uniamplitude" antenna is 

47A 

X' 

where A is the aperture area. This "perfect" antenna is, 
however, difficult to realize in practice, and to indi-
cate how closely a given antenna approaches perfection 
the term "effective area" has come into use. This is the 
percentage of its actual area that an antenna would 
occupy if it were uniphase, uniamplitude. Thus, an 
antenna which has an actual area A' and a measured 
gain G' =1(47rA '/X2) has an effective area of 50 per 

cent. 
Two general methods of determining the gain of 

microwave antennas are possible: absolute-gain meas-
urements, and relative-gain measurements. The former 
is usually difficult to perform, so that the one more 
commonly employed is that of measuring the gain rela-
tive to some accurately calibrated secondary standard. 
The absolute gain of this standard antenna, however, 
must be accurately known, and it is therefore generally 
determined by the absolute-gain-measuring method de-
scribed later. 

A. Comparison Method 

The comparison method of measuring gain involves 
comparing the signal received by a secondary gain 

STANDARD 
ANTENNA 

(1) 

CONSTANT -PHASE 

CONSTANT -AMPLITUDE 

iELD PRODUCED BY 

DISTANT SOURCE 

ANTENNA 
UNDER TEST 

Fig. 1—Gain measurement by the substitution method. 

standard to that received by the antenna under test, 
by substitution (Fig. 1). This standard may be 
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another antenna which has been accurately calibrated, 
and is usually a simple radiating structure whose gain 
can also be calculated. At lower radio frequencies a 
doublet or a loop antenna is often used for this purpose, 
but at the higher frequencies, where we are concerned 
with greater directivity, it is desirable to use a standard 
of higher gain. The electromagnetic horn2.3 is commonly 
used for this purpose because of its basic simplicity, 
reliability, and desirable broad-band impedance char-
acteristics, and because its gain can be calculated from 
the physical dimensions. 
In making the gain comparison, the safest method 

is direct substitution whereby the secondary gain stand-
ard is physically interchanged with the antenna under 
measurement. Since it is usually undesirable to disturb 
the antenna under test, the standard is placed near the 
antenna and the receiver is switched from one to the 
other to make the comparison. In this case it is im-
portant to be sure that the field strength is identical 
at the two apertures, or that any differences are ac-
counted for. 
In making the comparison, the sensitivity of the 

receiver must be constant. This requires that the 
impedance of the antenna and gain standard be ac-
curately matched to the line or that they be ade-
quately isolated by an attenuating pad, so as not to 
react on the receiver. Furthermore, since any impedance-
mismatch loss between the antenna and transmission 
line will subtract from its gain, maximum gain will be 
realized only when the mismatch is eliminated. As previ-
ously mentioned, one of the virtues of a horn as a sub-
standard is its good impedance match to a wave guide 
over a broad band of frequencies. 
The precision of the comparison method depends 

upon how accurately the gain of the secondary standard 
is known. Although the gain of a horn which is used as a 
standard may be calculated, it is satisfying to be able 
to check the calculated result by an absolute gain 
measurement. 

B. Absolute-Gain Measurement 

In the transmission method of measuring gain, two 
identical antennas are placed a distance apart r (Fig. 2) 
and the loss in the transmission path is measured by 

SIGNAL GENERATOR 

r 

ANTENNA NO )  ANTENNA NO.2 DETECTOR 

Fig. 2—Gain measurement by the transmission method. 

comparing the received power PR in the setup illus-
trated with the transmitted power Pr. The gain G of 

2 See page 360 of footnote reference 1. 
3 Forthcoming paper by A. P. King. 

the antennas under test is then determined from the. 
relation' 

PR (GA \9 

PT  k4wr ( ) 

where X, the wavelength, and r are in like units. The 
gain as determined by this equation is the absolute 
power gain and is usually expressed in decibels: 

G1 = 10 logio G decibels.  (3) 

For an accurate determination of gain, it is advan-
tageous to take several measurements at different 
values of r. An example of this type of measurement is , 
shown in Fig. 3. Here the ratio PR/Pr is plotted versus 
distance r for two identical antennas. It is seen that, for 
r large, the curve is a straight line of slope  indicating 
that it is obeying (2) in that PR/Pr falls off with inverse • 
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Fig. 3—Absolute-gain determination of two identical optimum 
horns having square apertures with sides of length a. 

distance squared. For r short the curve is no longer a 
straight line and the gain calculated from points in this 
range would be in error. This condition arises from the 
fact that at short distances the antenna does not ex-
hibit the same properties in the way of beam width, 
gain, and directional pattern that it does at great dis-
tances, and this fact imposes a limiting value on the 
distance between source and receiver in all gain and pat-
tern measurements. This distance limitation will be dis-
cussed later. 

The gain of an antenna may also be determined by 
measuring the attenuation (a) of a transmission link 
(Fig. 2) involving two dissimilar antennas and an inter-
mediate transmission path, and then obtaining the ratio 
of the gains of the antennas (n) by the comparison 
method (Fig. 1). The attenuation obtained in the first 
measurement gives the following relationship: 

PR  ( X 2 
a =  =  G7G7. 

PT  47rr 
(4) 

4 H. T. Friis, "A note on a simple transmission formula," PROC. 
I. R. E., vol. 34, pp. 254-256; May, 1946. 
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The comparison measurement gives 

G1 
n = — • 

G2 

Eliminating G, 

and 
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Fig. 4—Representative polar diagram for a microwave antenna. 

III. MEASUREMENT OF DIRECTIVITY 

To determine the directive pattern of an antenna, the 
radiation in any given direction is compared with the 

radiation along the axis of the beam. The patterns of 
antennas at lower frequencies are usually taken by 
exploring the field of a radiator with a portable de-
tector, but with microwave antennas it is practical to 
leave the path fixed and measure the pattern by rotat-
ing the antenna under test. 

A. Directional Properties 

The antenna designer usually wants to know the 
width and shape of the main radiation lobe, the posi-
tions and magnitudes of the minor lobes, the wide-angle 
radiation, and the rearward radiation. All these factors 
can be shown on a plot of the directional characteristic 
or pattern of the antenna. With high-gain systems the 
data is usually plotted on rectangular co-ordinates, in 
order to spread out the multiplicity of minor lobes. 
Where a large range of intensities is covered, it is 
almost essential to use a logarithmic or decibel pres-
entation of intensity. Two ways of presenting the data 
are shown in Fig. 4 and 5 for a paraboloidal reflector 
antenna having 28 decibels absolute gain. 
The complete analysis of the radiation character-

istics ideally would require measurements in all direc-
tions, but usually two patterns, one in the plane of the 
electric vector and one in a plane at right angles (mag-
netic plane), will suffice. When more data are required, 
several characteristics may be taken in different planes 
and either analyzed separately or combined in a con-
tour plot. The contour plot has advantages in studying 
conditions close to the beam, but with this method it is 
difficult to cover a wide angular field. 

B. Main Radiation Lobe 

Often the shape of the main lobe of a directional char-
acteristic is of special interest. When plotted on a 
logarithmic intensity scale, the curve should be roughly 
parabolic in shape. The shoulders (vestigial lobes) 
shown on the major lobe of Fig. 5 are potentially minor 
lobes, since only a slight change in the antenna will 
cause them to separate distinctly from the major lobe. 

MAJOR LOBE 
VESTIGIAL VESTIGIAL LOBE 4 'LOBES WIDE ANGLE RADIATION REARWARD RADIATION 

, 
( • J .__ •..... .... IA 20 40 DEGREES OFF AXIS 

Fig. 5—Directional pattern of Fig. 6, plotted on rectangular co-ordinates. 
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C. Cross Polarization 

Certain types of antennas radiate energy polarized 
perpendicular to the intended field. This cross polariza-
tion may be measured by polarizing the antenna at the 
distant terminal of the measuring path at 90 degrees to 
the polarization of the antenna under test. Measure-
ments should be made with especial care in the axial 
planes at 45 degrees to the intended polarization in 
which the cross-polarized field is generally maximum. To 
find the total intensity radiated at any angle, the cross-
polarized radiation should be added to the correctly 
polarized radiation. 

When transmitting through the antenna under test, 
and receiving at the distant terminal, the energy in the 
two polarizations may be detected simultaneously and 
added, thus giving a signal which is truly representative 
of the power radiated per unit solid angle, irrespective 
of polarization. To do this, a receiving antenna respon-
sive to both polarizations should be used and the com-
ponents of the field separated in the wave guide ac-
cording to polarization. The two components should be 
separately detected in square-law receivers, and the 
resulting voltages (proportional to the radio-frequency 
power) added. The total voltage is then prop.ortional 
to the power intercepted by the antenna. 

D. Automatic Pattern Recorder 

A tool of extreme usefulness where a number of direc-
tional patterns are to be taken is the automatic pattern 
recorder. This is a device which plots the intensity of 
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Fig. 6—Automatic pattern-recorder systems. 

the signal received over the testing path as a function 
of the angle through which the antenna is turned. Sev-
eral mechanisms have been made to do this, each with 
certain advantages, but all are basically the same. A pen 
is driven in one direction in accordance with the detected 

signal intensity, while the paper is moved propor-
tionally to the rotation of the antenna. The pen may 
be driven from a galvanometer movement, in which 
case the co-ordinates are slightly curved, or it may be 
driven on a straight line by a motor which also drives 
an attenuator and counteracts any change in signal 
intensity. The two systems are shown in Fig. 6. 

IV. FEED MEASUREMENTS 

In appraising a small radiator which is to be used as 
a feed for a paraboloid or lens, the measurement prob-
lems are quite different from those for the complete 
antenna. Minor lobes are usually of secordary interest 
provided they do not represent a serious loss of energy, 
and the gain is seldom measured because there is no 
obvious direct relationship between the feed gain and 
the over-all performance of the antenna. The character-
istics which are of importance are the distribution of 
energy, the phase, and the polarization over the main 
radiation lobe. The energy distribution determines the 
illumination of the main reflector or lens and the 
amount of taper to be expected in the final aperture. A 
knowledge of the phase front of the wave emerging 
from the feed is important to the design of the feed, 
and to the correlation of the feed to the reflector or lens. 
It is also useful in locating the best focal position. The 
polarization is important, as it can be responsible for 
undesirable cross-polarization components in the com-
plete antenna. 

A. Pattern Measurementc 

With feeds whose maximum aperture dimension are of 
the order of a few wavelengths, the path length for the 
testing site can be short, and it is feasible to make such 
measurements in the laboratory. A typical laboratory 
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Fig. 7—Primary-pattern-measuring equipment. 

setup for measuring primary patterns is shown in Fig. 7. 
The generator, wave guide, and radiator under test are 
mounted so that the assembly can be rotated about the 
axis of the radiator to change the polarization. The 
receiving antenna is mounted on an arm which is pivoted 
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3n an axis through the aperture of the radiator, and it 
:an also be rotated about its own axis. This receiving 
antenna is made directive so as to discriminate against 
interference caused by room reflections. The radiation 
pattern is obtained by measuring the receiver output as 
a function of its angular position, and may be taken in 
various planes by rotating the generator and radiator 
assembly on its axis. 

B. Feed Polarization Measurements 

I The plane of polarization may be ascertained, using 
the apparatus of Fig. 7, by rotating the detector to 
obtain a minimum in the received signal. If the field is 
elliptically polarized, it may be analyzed in components 
parallel to the E and H planes of the radiator. Other-
wise, the data may be presented as shown in Fig. 8, 

Fig. 8—Polarization characteristic of a typical antenna feed. 

where the polarization is indicated by the direction of 
vectors plotted on a polar diagram representing the 
surface of a hemisphere, and the completed pattern 
gives a good picture of the polarization at all points on 
the surface. 

C. Measurement of Phase 

The phase of the wave front of the radiated wave 
relative to an arbitrary reference surface may be meas-
ured by mixing the received signal with a sample taken 
from the generator and adjusting the phase of one of 
the signals to produce a null at the receiver. As illus-
trated in the block diagram of Fig. 9, the generator de-
livers power to the radiator under test and to a branch 
circuit. The energy in the branch circuit passes through 
an attenuator and a phase shifter into a mixer, where 
it is combined with the signal from the pickup antenna 
and sent into the detector. The attenuator is set ta 
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equalize the signal through each path, and the phase 
shifter is adjusted to give a null in the output. At this 
position of adjustment the phase difference through the 
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Fig. 9—Basic phase-measuring circuit. 

two paths is an odd number of half-wavelengths. As the 
pickup is moved through the field, the phase, relative 
to an arbitrary reference point, may be measured. Since 
variable attenuators used at microwave frequencies also 
introduce phase shift, the attenuation is usually kept 
constant, reducing the signal in the branch path to 
about 6 decibels below the maximum signal to be meas-
ured. The phase shifter can be installed in either path, 
or it may be combined with the mixing junction in a 
standing-wave detector. In the latter case the branch 
path is connected to the probe of the standing-wave 
detector, and the pickup and receiver to either end. In 
this way the attenuation of the probe is in the path 
which otherwise has least attenuation, and a phase 
shift of 360 degrees is spread over a full wavelength of 
probe motion. 
The phase variation may also be obtained by moving 

the pickup antenna toward and away from the feed 
antenna under test, in which case the phase is propor-
tional to the distance from the feed. If the phase is 
measured by the position of the pickup required to 
produce a null, the successive positions of the pickup 
describe the phase front of the wave. This method has 
the advantage of simplicity of apparatus, but has more 
possibilities of error because the presence of the experi-
menter near the antenna may disturb the field being 

measured. 
The phase data may be presented by plotting the 

shape of the phase front to scale and locating its center 
of curvature. Since the measurement must be taken at 
a reasonably great distance from the feed, the phase 
differential is usually a very small fraction of the path 
length, and this method of plotting is awkward to use. 
A more suggestive presentation is obtained by subtract-
ing a constant length from the measured phase, thereby 
reducing the size of the constant-phase curves. This 
gives a diagram wherein the deviations from the ideal 
spherical (or circular) phase front are emphasized. An 
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example of this presentation is shown in Fig. 10. The 
feed may also be sketched in, its size being consistent 
with the phase scale, to aid in co-ordinating the shape 
of the phase front with the geometry of the feed. 
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Fig. 10—Typical phase pattern. 

It is sometimes desirable to measure the phase and 
amplitude distribution of a complete antenna. In this 
case the operation is the same as that described above, 
except that the pickup is usually moved along a straight 
line near and parallel to the antenna aperture. The data 
then indicates how much the phase front of the wave 
emerging from the antenna deviates from a plane. 

V. MUTUAL COUPLING BETWEEN ANTENNAS 

In some types of high-frequency systems the receiv-
ing and transmitting antennas are mounted in close 
proximity, and it is necessary to reduce the mutual 
coupling between them to a very small value in order 
to avoid interference or "cross talk." The measurement 
of directivity previously discussed is not directly ap-
plicable when the antennas are close and either sub-
tends a large angle at the other. However, the average 
relative attenuation of the directivity patterns in direc-
tions which contribute to the mutual coupling may be 
used to obtain a rough idea of the coupling to be ex-
pected. 
Cross-talk protection may be defined as the ratio of 

the power transmitted to the power received, and may 
be measured with a generator and a detector by com-
paring the signal transmitted through the mutual 
coupling of the antennas and through a calibrated at-
tenuator. If the antennas are aligned face-to-face this 
ratio should be nearly unity, or zero decibels, and as the 

Decem 

antennas are rotated away from each other the valu 
should drop and go through wide excursions not unlike!' 
the minor lobes of a directional pattern, and finally drop 
to a very low value when the antennas are back-to-back. 
With high-gain antennas the coupling in the back-to-
back condition may be largely caused by multiple re-
flections from surrounding objects or the ground, and 
therefore the site for such measurements should be free 
from interfering bodies or as like the actual operating 
site as practical. 

VI. REQUIREMENTS OF THE ANTENNA-
MEASURING SITE 

It is necessary that the antenna which is under study 
be placed in a suitable environment; otherwise the 
effect of the terrain and surrounding objects may intro-
duce errors in measurement. At an ideal location the 
transmitted wave would arrive at the receiving antenna 
as a true plane wave, being uniform in amplitude and 
having a flat wave front over the entire antenna aper-
ture. However, when the departure from a plane 
wave front is excessive or the field distribution be-
comes irregular, the measurements will be in error. The 
degree of variation from the ideal that can be tolerated 
depends upon how these variations arise and the preci-
sion of measurement required. 

A. Distance Requirements 

Since the wave emerging from  the transm itter  an -
tenna is spherical, the phase front across the aperture 

of the receiving antenna will be  flat  only  whe n the dis-
tance between antennas  is infinite,  an d for  any  finite 
separation the phase front will be curved. The ex ten t 
of this curvature or the amount of the phase deviation 
in terms of the se parat ion  r and aperture dimension a 
can be deduced with the aid of Fig. 11. The path length 
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0 

Fig. 11—Calculation of phase deviation due to path length. 

of the extreme ray OA is r+Ar, and solving the right 
triangle OAB, we get 

a  (r  Arr  r2 ( )2— 
2 (8) 
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and, neglecting (Ar)2, we have 

a2 
As• = — • 

8r 
(9) 

Here Ar X (180/2r) is the maximum phase deviation from 
a plane, in degrees, for an antenna of aperture a at a dis-
tance r from the source. 
• The effect of such a phase deviation on the measured 
antenna gain can be ascertained by a vector summation 
of the contributions of elementary areas of the antenna 
aperture. For example, for a phase deviation of r/8, the 
measured gain of an antenna having a uniformly il-
luminated aperture and a plane wave front will be in 
error by only 0.1 decibel, which is sufficiently accurate 
for most antenna work. Specifying, then, that the phase 
deviation across the antenna aperture be less than 
7r/8, i.e., 

we obtain 

Ar  —, 
16 

2a2 

r > 
— X 

luminated. Limiting the amplitude variation to less than 
decibel requires that the directivity of the distant an-
tenna be such that one-eighth of its beam angle between 
nulls be greater than the angle subtended by the an-
tenna under test, which is 

a 
= — radians  (12) 

where a is the width of the antenna under test. This 
angle, expressed in terms of the dimensions of the dis-
tant antenna, is approximately 

o X = — radians  (13) 
4a. 

where aT is the width of the distant antenna. Thus, 

(10)  and 

as the required separation between transmitting and re-
ceiving antennas. 
This distance requirement may be too lenient under 

certain conditions. For example, if the phase front of the 
wave emerging from the antenna under test is curved, 
as is the case in a horn antenna or a defocused para-
boloid, the measured gain may be more seriously in er-
ror than that indicated above. Thus, if the test antenna 
were out of focus so as to produce an additional X/16 
phase curvature (bringing the total to )/8), the meas-
ured gain would be in error by 0.3 decibel. Gain meas-
urements on optimum horns are subject to this type of 
error, since they have a large phase curvature. In Fig. 3, 
for example, it is seen that at r =2a2/X the measured 
gain is approximately 0.4 decibel low. Of course, if the 
antenna is out of focus in the direction to counteract the 
effect of the short path, the measurements would give 
correspondingly optimistic results. 

B. Directivity Requirements of Distant Antenna 

The directivity of the radiator at the far end of the 
transmission path should be broad enough to give a 
substantially uniform field across the aperture of the 
antenna under test. However, if the antenna directivity 
is too broad, the presence of surrounding objects and 
the ground in the field of the beam will produce reradia-
tions which distort the direct wave. These spurious re-
radiations can be reduced considerably by a choice of 
testing site relatively free from objects in the main 
portion of the beam and by increasing the size of the 
distant radiator. There is, however, a limit to its maxi-
mum size, for if the antenna is too large the beam will 
be so narrow that the test antenna is not uniformly il-

a  X . 
--
r  4ar 

rX 
OT  dr"a • 

(14) 

(15) 

This expression specifies the maximum size of the dis-
tant antenna. In some instances, even with an antenna 
of the maximum size, reradiation from the ground is 
still objectionable. Where the ground cannot be re-
moved from the field, some precautions can be taken to 
reduce its effect upon the measurement of pattern and 
gain. 

C. Elimination of Ground-Reflection Effects 

If the ground between the test and the distant an-
tennas is smooth and the reflection path unobstructed, 
the testing site may be located at a point where the di-
rect and reflected rays add to give a satisfactory phase 

TEST 

ANTENNA 

Fig. 12—Path-length determination. 

and amplitude distribution of energy. The difference in 
the path lengths between the direct and reflected rays 
(Fig. 12) is 

y2 _ yi = vd2  + 02 4_ h1)2 _ \his  (h2 — h1)2  (16) 

which, if h2 and hi<<d, becomes 

hth2 
r2 — ri-= 2 (17) 
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For perfectly conducting ground the two fields add to 
give a variation with altitude: 

1111: 
E... 2 sin 2r  2 (18) 

Xd 

This is shown on the dashed curve in Fig. 14. The first 
maximum occurs when 

hihs  X 
r, —  2 -71  • (19) 

If the antenna under test is at the first maximum and 

hi 
a 5 —  (20) 

4 

the intensity will not vary more than 0.2 decibel over 
the aperture. Also, since the angle between the distant 
antenna and its image as seen from the testing site at it, 
is approximately 

we have, from (19), 

2h1 
13 = 

X 
13 =  • 

2h2 

(21) 

(22) 

Now the beam width between nulls of the antenna under 
test is 

or, from (20), 

2X 
a  — 

a 

8X 
a  — • 

112 

Thus, by comparing (22) and (24) it can be seen that 
the angle subtended by the source and its image is 1/16 

(23) 

. . . 
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Fig. I3—Use of a diffraction edge. 

(24) 

of the beam angle of the largest antenna allowed by the 
limitation of the permissible amplitude variation at the 
first field maximum. To broaden the field maximum at 
the testing site, the antenna at the distant end of the 
path should be as near the ground as practical and the 
testing site elevated to the height of the first field maxi-
mum, according to (19). 

If the ground is uneven, the field at the testing site 
may be further distorted. This effect may be avoided by 
using a straight diffraction edge (which may be a wire 
fence of fine mesh) perpendicular to the transmission 
path between the antennas, high enough to shield the 
antennas from direct ground reflections. In this case, as 
indicated in Fig. 13, the diffracted field may be obtained 
from diffraction theory (Cornu's spiral), and is shown 
in Fig. 14. The first maximum occurs when 

12 X  3 
(ri  r2) = —  = 14 2  7 Xi 

and the requirements are almost the same as before, 
except that, in order to use the formulas developed, 
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Fig. 14—Function of field strength versus height for antenna-
testing site. 

hi and 112 must be measured from a plane through the 
straight edge making equal angles with lines drawn from 
the straight edge to either antenna. However, in this 
case the fluctuation in amplitude and phase decreases 
with height and may be avoided for most practical pur-
poses by raising the antennas so that r1—r, is many 
wavelengths. 

A desirable testing arrangement is to use several low 
fences' to shield the testing site from ground reflections, 
and then to operate with Is, and hl large enough to be 
substantially above the irregularities of field strength 
caused by diffraction at the fences. This arrangement is 
less critical than operating on the first maximum of the 
curve, but may involve greater field fluctuations over 
the antenna aperture. 

VII. COMPONENTS OF MEASURING SYSTEM 

Most of the components necessary for measuring an-
tenna characteristics have been introduced in the pre-
vious discussion; however, for completeness we will 
tabulate tine equipment required. A simple system for 
gain and pattern measurement is shown diagram-
matically in Fig. 15, and a more complex system in Fig. 
16. Fig. 17 shows a typical testing site. 

The units of the systems are as follows: 
1. Microwave signal generator. The emitted power 

may be c.w. or i.c.w., as required by the receiver to be 
used. 

This procedure was used by A. L. Robinson of the Bell Tele-
phone Laboratories. 

IDecember 
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2. Adjustable radio-frequency a ttenuator. This serves  receivers, the sensitivity is limited only by the first-cir-
is a control of the signal level, and provides some im-  cuit noise impaired by the receiver noise figure. Since 
)edance isolation between the antenna and the asso-  the first-circuit noise is KTB,6 and amounts, at 63 de-

grees Fahrenheit, to 4 X10-21  watts per cycle bandwidth, 
and the receiver noise figure lies between 5 and 15 deci-
bel, it is apparent that large differences in signal level 
can be measured even with microwave sources having 

very low output power. 
Where great sensitivity is not required, a single-de-

tection receiver is sometimes used, employing a crystal 
or bolometer as the microwave detector. Such a system 
relies on the detector maintaining a square-law charac-
teristic, and this is approximately true of both the silicon 
rectifier and the bolometer, provided the signal levels 

are low. 

iated circuit. 

TRANSMISSION 

PATH 

TRANSMITTING 

ANTENNA 

Fig. 15—Simple system for gain and pattern measurement. 

3. Standing-wave detector for monitoring the trans-
mission and checking the impedance of the antenna un-
der test (Fig. 16). 

2 

— 6‹ 

4 

TRANSMISSION 
PATH 

RECEIVING 
ANTENNA 

to 

Fig. 16—Complete system for gain-pattern and cross-polarization 
measurement. 

4. Antenna under test. 
5. Turntable, coupled to the recorder, for orienting 

the antenna under test. Preferably the mounting should 
permit both horizontal and vertical axes of rotation. 
6. Gain standard of comparison. (See Section IL) 
7. Antenna for transmitting or receiving at distant 

path terminus. The directivity and location of this unit 
should be consistent with the requirements of Section 

VI. 
8. Depolarizer: A wave-guide device for separating 

energy of either polarization. See Section III-C (Fig. 

16). 
9. Receiver: Maximum sensitivity is obtained by the 

use of a double-detection receiver, where a beating os-
cillator, in conjunction with a crystal detector, is used 
to convert the received signal to an intermediate fre-
quency. Carefully calibrated intermediate-frequency at-
tenuators can then be used to measure, with considera-
ble accuracy, signal ratios as large as 80 to 120 decibels, 
and, since the beating oscillator maintains a strong sig-
nal on the crystal, the weak received signal will be 
linearly detected by the crystal and no concern need be 
exercised regarding the crystal characteristics. In such 

Fig. 17—Antenna-testing site. 

With square-law detectors, the output voltage is pro-
portional to the receiver power. Some signal-to-noise 
advantage may be gained in single-detection receivers 
by modulating or pulsing the microwave source, and 
equipping the receiver with a narrow-band audio am-
plifier. When a depolarizer is used as shown in Fig. 16, 
two square-law detectors (9) are employed, and their 
outputs combined and delivered to an audio amplifier 

(10). 
10. Audio amplifier and noise filter (Fig. 16). 
11. Adjustable low-frequency attenuator. 

12. Indicating level meter. 
13. Automatic pattern recorder. (See Section III-D.) 
Except for the depolarizing system and the standing-

wave detector, either of which may be dispensed with 
for most antenna work, the roles of the antennas as re-
gards transmitting or receiving can be interchanged. 
There are many other possible arrangements of equip-
ment, and the two shown are merely given as examples. 

• H. T. Friis, "Noise figutes of radio receivers," PROC. I.R.E., 
vol. 32, pp. 419-422; July, 1944. 
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Slot Antennas* 
N. E. LINDENBLADt, SENIOR IdEMBER, I.R.E. 

Summary—The development of flush-type radiators of the slot 
and pocket type is described. Special emphasis is given to types ap-
plicable to aircraft. Specific solutions to altimeter and marker beacon 

pickup antennas are described. Reference to application in other 
fields is also made. 

The general aspects of the phenomena which are involved are ex-
amined, and it becomes evident that workable solutions, in the ma-

jority of cases, can be obtained only by means of actual experiment, 
since variations in the surroundings have first-order influence upon 
such vital characteristics as radiation patterns, slot impedance, and 
bandwidth. 

Progress before and during the war is described in somewhat 
chronological manner. It is pointed out that, while this progress has 
been considerable, an appreciable amount of skillful investigation 
remains to be done before slot antennas can be brought to maximum 
usefulness. 

INTRODUCTION 

FOR A NUMBER of years , ex ten ding  throug hout  
the war, the engineers  of the RCA Laborator ies 

  Division at Rocky Point, L. I., N. Y., have been 
engaged in the study of such fundamental. antenna 
problems as bandwidth, and the effect of surroundings 
and location of antennas upon their radiation character-
istics. 
During this development period the speed of aircraft 

has been greatly increased. Consequently, streamlining 
became a necessary consideration. An all-out effort to 
provide for efficient radiation from flush surfaces was 
made in order to meet this increasing need. The result 
of this work is the slot antenna. It comprises slots in the 
metal surface of an aircraft. These slots are backed by 
metal cavities inside the surface. Impedance regions ex-
hibiting stability over widest possible frequency bands 
are chosen or arranged within the cavity for connection 
to the feed lines. 

It is the purpose to briefly review the general aspects 
of the problems involved in such designs and to describe 
somewhat chronologically the steps of development. It 
is hoped this description will serve as a stimulant to 
further developments. 

GENERAL CONSIDERATIONS 

An early idea that may be considered associated with 
so-called slot antennas was a scheme devised in 1939 by 
G. L. Usselman, of the RCA Laboratories Division at 
Rocky Point, L. I., N. Y., to feed an array of Flipoles by 
a slotted wave guide. The dipoles were distributed along 
the slot and attached to its edges. By choice of phase-
velocity characteristics of the wave guide thus loaded, 
either broadside or end-fire excitation could be achieved. 
Usselman also suggested that arrays of closely spaced 

• Decimal classification: R326.81 X R525. Original manuscript re-
ceived by the Institute, September 19, 1946; revised manuscript 
received, February 11, 1947. 

Radio Corporation of America, New York, N. Y. 

dipoles may be replaced by continuous sheets of widths 
corresponding to the length of the dipoles. 
This latter method had special merits worthy of 

further development, which was undertaken in a joint 
effort by the U. S. Navy, Radio Test, under Lieutenant 
Commander A. S. Born (now Captain, U.S.N.), and the 
Rocky Point Section of RCA Laboratories, beginning in 
1941. 

Fig. I— Open-ended and streamlined, slotted cylinder antennas 
mounted in front of leading edge of airplane wing. Polarization 
perpendicular to cylinders. Polar radiation diagrams for one an-
tenna element are included. 

The primary purpose was to apply the slot-feed prin-
ciple to airborne antennas. Slotted wave guides having 
teardrop or streamlined cross section were used in some 
of the early experiments (Figs. 1 and 2). No special an-
tenna elements were attached to this streamlined body, 
but by arranging for co-operative coincidence of internal 
and external characteristics, its own exterior served as a 
radiator. While having great usefulness in other fields of 
application, the limited usefulness of slotted cylinders 
for airborne purposes became quickly evident in view of 
the advancing speeds of aircraft. 

Antennas for a high-speed aircraft must not add ex-
ternal structure. The designer must consider the possi-
bilities of providing for the emergence of radiation from 
the surface of the plane. The least radical procedure is, 
perhaps, to mount a conventional radiation element in 
an indentation in the plane surface which is then cov-
ered with a dielectric window. The primary radiation 
fields thus originate with a conventional radiation ele-
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vnent. The cavity is open and nonresonant. The aper-
lure, however, may be made mailer and the cavity it-
1 elf be made resonant, eliminating the need of a distinct 
adiation element. The aperture may be in the form of 
slot of sufficient dimensions for emergence of radia-
ion from the interior of the cavity. A surface secton 
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Fig. 2(a)—Combinati0n of four slots across the leading edge of a 
wing, each pair having a common quarter-wave deep-backing 
cavity. Polarization in plane of the wing. 
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• Fig. 2(b)—Same combination as in Fig. 2(a) with parasitic radiators 
added approximately one-quarter wave in front of each slot 
pair. 

may be electrically uncoupled from the rest of the skin 
by means of cavity-backed slots. In this case the currents, 
in the separated area, isolated by the high-impedance 
slots, may be considered the origin of radiation. Actu-
ally, it is difficult to draw any definite lines of distinction 
between these various methods, since surface currents 
are always part of the diffraction phenomenon around 
apertures. Only when the apertures are very large rela-
tive to the wavelength, or when the aperture is isolated, 
by surrounding high-impedance slots, may the adjacent 
surfaces be considered as possessing a high degree of 
nonparticipation in the radiation phenomenon. The 
dimensions of the total metal area thus very often has 

considerable influence upon the radiation pattern, and 
may sometimes become the antenna itself. 
It is now evident that the most controllable method is 

the one where an aperture or an area is isolated by high-
impedance cavity-backed slots. Of these, the least cum-
bersome appears to be that of isolating an area. In cases 
when complete flush mounting is not required, it is pos-
sible to mount the isolating cavities like external pockets. 
They can also be made in the form of a sheet, rolled up 
like a jelly roll, forming a spiral cavity. 

DEVELOPMENT 

One of the earliest attempts to utilize this idea was 
to cut pairs of half-wave-spaced vertical slots across the 
leading edge of an airplane wing. The resulting half-
wave ribbon, which then was part of the leading edge, 
was backed by an approximately quarter-wave-deep 
cavity. Each side of the ribbon was connected at its 
maximum voltage point to a transmission line. These 
lines were then connected together in series or in paral-
lel. This arrangement provided a rather wide, forward-
spreading radiation pattern. When spaced coupled para-
sitic radiators or "directors" were placed a quarter-wave 
outside and in front of the strip between the paired slots, 

DIRECTIVITY' 

PARALLEL TO 

CAVITY 

14 - 4 . 
r - 

/N PLANE 
SLOTS 

Fig. 3—Simple double-slot antenna. 

higher gain was obtained, as shown in Fig. 2(b). This 
method, however, introduced difficult wing design and 
aerodynamic conditions, and was not continued. 
The practical possibilities of isolating an area had 

been indicated, and experiments were directed toward 
flat surfaces. Fig. 3 shows the cross section of one of 
these early forms of double-slot antennas, affectionately 
dubbed "bathtubs" by the Navy. In Fig. 4 is shown a 
photograph of an antenna consisting of a pair of double-
slot antennas. As can be seen, the spacing between ad-
jacent slots of different pairs is less than a half-wave. 
This spacing was determined experimentally with the 
aim in view of obtaining the cleanest radiation pattern. 



1474  PROCEEDINGS OF THE I.R.E. 

Figs. 5, 6, and 7 show typical radiation patterns and the 
standing-wave-ratio curve as measured by the Navy 
Radio Test group. Fig. 8 shows a form by means of 
which it was possible to obtain wider frequency re-
sponse. As may be noted, the center conductor of the 
transmission line here expands gradually as a flat wedge 
before connecting to the slot edge. 

Fig. 4—Pair of double-slot three-quarter by half-wave antennas. This 
is the Navy "bathtub." Note close spacing between pairs for 
elimination of secondary lobes. Design by U. S. Navy. 
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Fig. 5—Slot-crosswise pattern of antenna of Fig. 4. This 
data taken by U. S. Navy. 
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Fig. 6—Slot-lengthwise pattern of antenna of Fig. 4. 
Data by U. S. Navy. 
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Fig. 7— Standing-wave-ratio curve taken from antenna of Fig. 4. 
Data by U. S. Navy. 
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-  It should be of interest to notice that the double-slot Ian tennas possess a natural characteristic which is of ad-

vantage to lobe switching. If only one of the two slots is 
fed, the radiation pattern will lean toward the fed slot. 

1/4 

FO R SLOT ANTENN 
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TWO SLOT ANT  FOUR 
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\ 
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FROM 
TRANSM 

SLOT ANT. 

[ 1 LOBE  SWITCH 

FROM 
TRANSM. 

Fig. 9—Shiftable, single-slot feed for lobe switching. Note the appli-
cation of this slot antenna to the curved contour of the model of 
the nose of an airplane. 

proving the practical possibilities of nonprotruding ra-
diators. It had been shown that the slot principle was 
sound and workable and that it furnished tools for a 
new approach to radiator problems. The development 

In this way the same antenna can be used for both 
lobes by simply shifting the feed. This makes it equiv-
alent to one slot per lobe (Fig. 9). 
A particular use was made of this phenomenon in a 

double-slot antenna used as the focal primary in a para-
bolic-reflector-type antenna at 1250 Mc. It was found, 
however, that this design could be further simplified to 
permit the omission of a spark or contact switch. It was 
only necessary to provide a rotating patch of very small 
dimensions relative to the wavelength, which would 
alternately cover a portion of one or the other of the 
slots (Fig. 10). In order to provide up and down switch-
ing, the vertical slot was divided in two sections, parallel 
fed, but having high coupling impedance. In this way the 
patch, which was a piece of foil cemented in an eccentric 
position to an insulating rotatable disk, would cover the 
upper and the lower half of one slot, and then in se-
quence the lower and the upper half of the other slot. In 
this way the same effect as that obtained with the 
mechanically more difficult type of nutating dipole was 
obtained. A simplified form of nutating antenna ener-
gized by either a single- or by a double-slot primary was, 
however, also developed. It consisted of a diametrically 
resonant disk rotated eccentrically at a distance of 
about one-quarter of a wave or less in front of the double-
slot antenna to which it was thus space-coupled (Fig. 11). 
The work so far described served the useful purpose of 
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Fig. 10—External pocket-border type, one by one-half-wave surface 
radiator. As the primary in a parabolic reflector, the lobe switch-
ing is performed by 90-degree-displaced rotatable shading 
patches. Note electrical sectionalizing of pockets and feeders to 
facilitate "pull" by shading patches, a very practical arrangement. 
A single patch provides diagonal and a double patch vertical-hori-
zontal lobe pulling. 

Fig. 11—External pocket-border type, one by one-half-wave surface 
radiator. The major radiating "area" is located between slots. The 
diametrically resonant disk in front, eccentrically rotatable, acts 
as a nutating facility for lobe switching when the combination 
serves as a focal radiator in a parabolic reflector system. 

was, however, insufficient to meet some of the applica-

tions for which it was most needed. 
Thanks to the interest shown by other researchers 

who would from now on contribute toward both the 
general and the special development of the slot principle, 
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it was felt that the work could be directed toward spe-
cific applications. Slot antennas for altimeter and 
marker purposes were chosen as subjects of these ef-
forts. These antennas would have to be applicable to 
all plane types, including the smallest and fastest. The 
operating frequencies are relatively low, especially in 
the case of the marker antenna. Altimeter antennas 
must be so arranged that transmitter and receiver may 
be operated simultaneously. The frequency-response 
band required by the altimeter equipment is also rela-
tively considerable. All such considerations which have 
a direct bearing upon the antenna dimensions must, in 
the practical application of slot antennas to aircraft, be 
accommodated without sacrifice of structural strength. 
Careful search for minimum dimensions must, there-
fore, be made. 
As a general rule, a cavity with generous cross-section 

dimensions makes it easier to meet wide-frequency-band 
requirements. The slot and corresponding cavity length 
does not contribute in the same way and can, therefore, 
be reduced to the order of magnitude of a half-wave be-
fore it becomes a serious band limiting factor. 
The view taken here is that it is always well, in an-

tenna developments, to aim at as much "self"-band-
width as possible, since it eliminates or reduces either 
the need or the complexity of impedance-correcting net-
works. The power of the network method in practical 
application is, reversely, greatly facilitated by good pri-
mary frequency response, especially in cases of exacting 
requirements of low reflection. 
In view of the substantial reduction in bulk that 

could be obtained by the use of single slots, it was de-
cided that these be given careful consideration. Al-
though future equipment developments may not permit 
the use of the less exactly shaped radiation patterns ob-
tained by single slots, their other virtues made them ap-
pear as the most practical expedients at the present 
stage of development. 

n bstyrene 

• 
Fig. 12—Elliptic-cavity, wide-band, twin-slot antenna. The slots are 

spaced one-tenth of a wavelength. 

At first, bandwidths greater than needed were aimed 
at. The opening of a longitudinally elliptic cavity was 
partitioned by means of a longitudinal strip to form 
two closely located, parallel slots (Figs. 12 and 13). The 
cavity was likewise partitioned by a longitudinal wall. 
Point connections were made between this partition 

and the narrow strip between the slots. Thus a certain 
amount of internal coupling was maintained between 

Fig. 13—Showing cavity sections of the antenna of Fig. 12. Note the 
hole in the feed tongue tvhich divides it into two curved, parallel-
connected expanded wedges. 

the two half-sections. Each cavity half-section was 
again partitioned. The transmission line entering the 
cavity at bottom center connected to the top edge of 
one of the side partitions by means of an elliptic tongue. 
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Fig. 14--Standing-wave-ratio curve of the antenna of Fig. 12 as 
compared with the standing-wave-ratio of the antenna without subdivided cavity. 
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:iThis multiple partitioning was an expedient by means 
- of which a region of frequency-flat impedance balance 
(could be obtained which was suitable for direct connec-
tion to the transmission line. A bandwidth of 30 per 
cent at a 2:1 reflection tolerance was obtained (Fig. 
14). These experiments were done with a slot length of 
0.75 wavelength and a maximum cavity depth of 0.2 
wavelength. The cavity width was 0.135 wavelength. 

Fig. 15—Rolled-feed tongue, keyhole-slot antenna. Slot length,0.575 
wavelength. The rolled tongue can be seen inside the cavity. 

410 110  IJO  410  450 

MC 

160  470  480  490 

Fig. 16—Standing-wave-ratio curve of the antenna of Fig. 15. 

eliminated. The tongue feed was maintained, but the 
tongue was now bent over itself and shape and position 
determined empirically for best conformity with re-
gion of flat impedance balance (Figs. 15 and 16). In the 
illustrated example the slot and cavity length was 0.575 
wavelength, the cross section was 0.1 by 0.135 wave-
length. The bandwidth at 2:1 reflection standard was 

about 14 per cent. 

Further reduction of size, however, continued to be 
very desirable. It appeared that this would then have 
to be done at the expense of bandwidth. In the case of 
the altimeter antenna, a search was made for the mini-
mum dimensions required for the maintenance of the 
necessary 10 per cent bandwidth. A series of tests were 
carried out in which the influence of varying size and 
parameters was carefully noted. The partitions were 

Fig. 17—Three-point capacitance-loaded H-slot altimeter antenna. 
Slot length, 0.4 wavelength. 

As may be anticipated, further reduction of size calls 
for capacitance loading of the cavities at their open end. 

0 

0 1 

17. 

1 
110 420 IJO  440 

MC 
450 160 470 

Fig. 18—Standing-wave-rati0 curve for the antenna of Fig. 17. 

This was first done by using narrower slots and even-
tually by adding capacitances across the slots. In these 
continual attempts to reduce the cavity dimensions it 
became necessary to revise the feed methods from time 
to time, since their operation is subject to certain para-
metric conditions. 
In the model which was considered sufficiently small 

to be practical, the attempts to establish a suitably 
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broad impedance zone within the antenna proper into 
which the feed system may be introduced had not been 
entirely satisfactory. It was found that a simpler ex-
pedient could be had by resorting to external compen-
sation by means of a line stub. This, however, was con-
venient only because such relatively high standing-wave 
ratios as 2:1 or 1.5:1 were considered permissible so that 
the resulting hump in the s.w.r. curve, often unavoid-
able with such circuits, would not be objectionable. 
More complicated networks can, of course, be provided 
which will subdivide or level off such bumps. 
The antenna of Fig. 17 has a stot length of 0.4 wave-

length. The cross section is 0.1 by 0.1 wavelength. Fig. 
18 shows a typical s.w.r. curve for this model. The tail 
stub which forms a continuation of the feed conductor 
across the cavity has an approximate length of three-
quarters of a wavelength. Its characteristic impedance is 
50 ohms. Line stubs of other impedance values can be 
used if the feed coupling is correspondingly adjusted. 
This coupling is varied by changing the distance from 
the coupling rod to the bottom of the cavity. It should 
be noted, however, that the rod must be located em-
pirically to find the position where the electric qnd mag-
netic field parameters co-operate in optimum fashion at 
at given characteristic line impedance and standing-
wave ratio. Otherwise, considerable bandwidth is easily 
lost. Using a stub having a characteristic impedance of 
50 ohms appeared satisfactory and aided in simplifying 
the system by being of the same value as that of the 
feed line. The cavities are pressed from a single alu-
minum sheet. The cover consists of Formica. The total 
weight of a complete antenna and stub combination to 
operate at a midfrequency of 440 Mc. is one pound. 
In applying such antennas to altimeter equipment, 

where transmitter and receiver must operate simul-
taneously, it has been found that the coupling between 
transmitter and receiver antennas is generally about 
twice as high as that encountered with dipoles. It ap-
pears, however, that this does not exceed the coupling 
tolerance of the equipment. In such cases where smaller 
tolerance must be provided, these antennas can be ar-
ranged in series or parallel to form double-slot an-
tennas, which then, due to the nature of such a combina-
tion, provides lesser coupling. 
The marker beacons of the airways operate at present 

on a frequency of 75 Mc. The conventional external an-
tennas for receiving these signals are cumbersome and 
inefficient due to this rather low frequency. A slot an-
tenna of such small dimensions as 20 X4 >0' inches 
has been developed. The slot length of this antenna is 
only 0.125 wavelength. The slot is heavily capacitance 
loaded. As can be understood, an antenna of such dimen-
sions relative the wavelength must of necessity have a 
very high Q. The s.w.r. curve obtained by the aid of a 
series stub line is shown in Fig. 19. The signals obtained 
are better than equal to those obtained with external 
wire antennas located close to the ship. Greater band-

width would be desirable, but it is gratifying at this 
stage of slot-antenna development to be able to re-
port that antennas of such small dimensions relative to 
the frequency will work at all. 
The marker-beacon signals do not call for any large 

bandwidth. The chief reason for not wishing to apply 
antennas of too narrow bandwidths is their sensitivity to 
moisture and ice. A sharply tuned antenna is easily 
detuned by small reactance variations. Ti imming ca-
pacitors or inductances can, of course, be used, but 
they are not very satisfactory. It appears better to rely 
on means for preventing internal condensation of mois-
ture, as well as both internal and external ice forma-
tion. Danger of external icing can be greatly reduced 
by proper location. The problem of eliminating internal 
condensation is more formidable. The antenna has 
either to be kept perfectly sealed to all the pressure 
variations to which it is subjected as an airplane changes 
altitude or it must be thoroughly ventilated. The latter 
is the easiest but does not at times appear entirely 
adequate, unless heating elements or moisture-absorb-
ing substances be added. This again is, of course, not 
very attractive. 
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Fig. 19 —Standing-wave-ratio curve for marker-beacon antenna. 

It has been suggested that the dimensions of a cavity 
antenna may be decreased by filling it with a dielectric. 
When analyzing this proposal relative to radiation re-
sistance and bandwidth, there appears to be nothing to 
gain by such procedure. A magnetic material operable 
at very-high frequencies would, on the other hand, pro-
vide a filler by which the circulating currents in the 
cavity could be reduced and bandwidth gains could be 
made. No such material is known at the present. 
Dielectric fillers have, however, been considered for 

the purpose of keeping out the moisture of cavities. 
Desirable characteristics for such material are: low 
dielectric constant, low loss, homogeneity, and low 
weight. Foam is unsuitable, due to surface losses 
throughout the material. Boundary losses appear to be 
difficult to avoid even with the use of very solid 
materials. 
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CONCLUSION 

An attempt has been made to describe the general 
aspects of slot antennas. Such antennas are a "must" 
in high-speed aeronautics and in radio-controlled 

missiles. 
It has been shown that many of the tasks performed 

by external antennas can be performed by this flush-
type radiator. Subjected to careful scientific investiga-
tion, as is possible in peacetime, their usefulness should 
eventually be greatly extended. 
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Fundamental. Limitations of Small Antennas* 
HAROLD A. W HEELERt, FELLO W, I.R.E. 

Summary —A capacitor or inductor operating as a small antenna 
is theoretically capable of intercepting a certain amount of power, 
independent of its size, on the assumption of tuning without circuit 

loss. The practical efficiency relative to this ideal is limited by the 
"radiation power factor" of the antenna as compared with the power 
factor and bandwidth of the antenna tuning. The radiation power 

factor of either kind of antenna is somewhat greater than 
1 Ab 

67 13 
in which Ab is the cylindrical volume occupied by the antenna, and 1 

Is the radianlength (defined as 1/2r wavelength) at the operating fre-
quency. The efficiency is further limited by the closeness of coupling 
of the antenna with its tuner. Other simple formulas are given for the 
more fundamental properties of small antennas and their behavior in 
a simple circuit. Examples for 1-Mc. operation in typical circuits indi-
cate a loss of about 35 db for the I.R.E. standard capacitive antenna, 
43 db for a large loop occupying a volume of 1 meter square by 0.5 
meter axial length, and 64 db for a loop of 1/5 these dimensions. 

I. INTRODUCTION 

A
N ANTENNA whose dimensions are much less 
than the wavelength is subject to limitations 
which can be expressed by simple formulas. 

These limitations are fundamentally about the same for 
a capacitor used as an electric dipole and an inductor 
(loop) used as a magnetic dipole, if they occupy equal 
volumes. Either type may have some advantages result-
ing from variations within this rule or from relative 
facility in coupling with the associated circuits. This 
paper is directed to a few of the simplest formulas, and 
to their significance and application rather than their 
derivation. The small antenna to be considered is one 
whose maximum dimension is less than the "radian-
length." The radianlength is 1/27r wavelength; it proves 
to be a logical unit for this purpose and a convenient 
one for simplifying the concepts and formulas. The ap-
proximations involved within this size depend only on 
the closeness between an angle and its sine up to i 

• Decimal classification: R120. Original manuscript received by 
the Institute, November 11, 1946. Presented, 1947 I.R.E. National 
Convention, March 6, 1947, New York, N. Y. This study was made 
for Hazeltine Electronics Corporation, little Neck, N. Y. 

t Consulting Radio Physicist, Great Neck, N. Y. 

radian (4 per cent error). An antenna within this limit 
of size can be made to behave essentially as lumped 
capacitance or inductance, so this property is assumed. 
It has occasionally been pointed out that a small an-

tenna free of dissipation could take from a radio wave 
and deliver to a load an amount of power independent 
of the size of the antenna. This would be true at one fre-
quency if the antenna can be resonated at that fre-
quency without adding dissipation. It results from the 
fact that a smaller antenna delivers its lesser voltage 
from a lesser resistance such that the available power 
remains the same. 
The power available from such an antenna is the wave 

power which would pass through the "effective area" of 
the antenna. Its effective area is 3/2 the area of a circle 
whose radius is one radianlength, denoted a "radian 
circle." The factor 3/2 is the power ratio of the directive 
gain of a small antenna relative to a theoretical antenna 
conceived to radiate equally in all directions over the 
sphere, denoted an "isotropic" antenna. This factor re-
sults from the fact that a small dipole (electric or mag-
netic) radiates in a doughnut pattern which effectively 
fills only 2/3 of the entire solid angle of a sphere. 
Formulas for the efficiency of transmission through 

space may be stated in terms of the power actually 
radiated from the transmitting antenna and the power 
theoretically available from the receiving antenna to a 
load. In each case, the unavoidable dissipation in the 
coupling circuit (from generator to antenna or from an-
tenna to load) limits the output to only a fraction of the 
power input. This fraction is the efficiency of the coup-

ling circuit. 
While the radiation pattern and hence the directive 

gain of a small antenna remain the same for a smaller 
size, the radiation resistance decreases relative to the 
other resistance in the coupling circuit. The resulting 
reduction in coupling efficiency is one of the principal 
limitations of the smaller antenna. 
Another aspect of the same limitation relates to the 

frequency bandwidth of operation with fixed values of 

1 
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the circuit elements. A smaller antenna with the same 
reactance and radiation resistance must be more sharply 
tuned to deliver its available power. Therefore, the re-
duction of size imposes a fundamental limitation on the 
bandwidth. If the bandwidth so limited is insufficient, 
further damping must be added at the expense of coup-
ling efficiency. 
The limitations verify the experience that larger an-

tennas are generally more efficient, especially for wide-
band operation. 
By expressing the formulas in fundamental forms, 

the inherent similarity of the electric and magnetic radi-
ators becomes apparent, as well as the minor differences 
resulting from the use of available materials and struc-
tures. 

II. SYMBOLS 

a =radius of circular cylindrical volume (meters) 
A =area of base of cylindrical volume (meters2) 
b= height of cylindrical volume (meters) 
n =number of turns of coil 
ka=shape factor of capacitor =effective area/ac-

tual area (A) 
kb=shape factor of inductor =effective length/ac-

tual length (b) 
C =capacitance of antenna (farads) 
L= inductance of antenna (henries) 
co =radian frequency (radians/second) 
X = wavelength (meters) 
1=X/27 =radianlength (meters) 
e =electric permittivity in free space (farads/ 
meter) 

= magnetic permeability in free space (henries/ 
meter) 

k.= relative permittivity of core in capacitor 
k„,= relative permeability of core in inductor 
R= 120r =377 = wave resistance in free space 

(ohms) 
G=1/R=wave conductance in free space (mhos) 

R., R. =radiation resistance in series with antenna 
(ohms) 

G., G„,= radiation conductance in parallel with antenna 
(mhos) 

Re, Ge=series resistance or shunt conductance in tuner 
(ohms, mhos) 

Cs, Le =shunt capacitance or series inductance in tuner 
(farads, henries) 

p.=radiation power factor of capacitor antenna 
(electric dipole) 

p,„, =radiation power factor of inductor antenna 
(magnetic dipole) 

k. =coefficient of coupling between antenna and 
total capacitance 

ki=coefficient of coupling between antenna and 
total inductance 

k.2= efficiency of coupling of antenna to total ca-
pacitance =electric energy in antenna/total 
electric energy in tuned circuit 

kg—efficiency of coupling of antenna to total in-
ductance =magnetic energy in antenna/total 
magnetic energy in tuned circuit 

e= radiation efficiency of antenna circuit. 

III. FORMULAS 

(C) 

Capacitance and inductance: 

keA 
C=e — ; 

(L) 

A 
L= kin2 

kbb 

Susceptance and reactance: 

keeil 

"C=G  —1)1 ; 

• 

A 
coL=Rn2 

kbbl 

Radiation shunt conductance and series resistance: 

Ge. G LA)?  R  )2 nA 
R„,=  -- = 201 

6r\ 12 6-7r /2 12 

Ri. R  b\2.20(  G G  kbby 

67r kT)  kT/' " orn2k 1 1. 
Radiation power factor: 

G.  1 kailb 
P•=--- =    

X  6r  P 

Coupling efficiency, 

kc2=   
C+Ce 

R„,  1 kbAb 
pm=  =    

cd,  

connected as in Fig. 2: 

ke2=   

Circuit efficiency, connected as in Fig. 2: 

Circuit efficiency, in general: 

7. 2p.  
e— 
MP.+Pe 

e=   
ki2Pen-1- Pe 

)2 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

IV. THE ANTENNA 

Fig. 1 shows two antennas occupying volumes alike 
in shape and size, one being a capacitor (C) and the 

, 

p 1  Ab 

6ir  13 

Lb 

(IA 

Fig. 1—Capacitor (C) and inductor (L) occupying equal 
cylindrical volumes. 

(c) 
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other an inductc (L). Their maximum dimensions are 
less than the ratanlength of operation. Their shapes 
are cylindrical bcause that is the only shape that can 
alternatively be ecupied by either a capacitor or an in-
ductor. The volme may be bounded by a circular cyl-
inder, as shown, r by other cylinders such as square or 
rectangular. 
In both  i antenna is assumed to operate as a 

lumped circuit e.ment of the kind indicated (C or L), 
neglecting distriuted properties. The inductor (loop 
antenna) is assuied to act as a current sheet pervious 
to alternating mimetic flux, as is customary in the the-
ory of  coils: this assumption is justified if 
the coil is wounta several turns of wire or ribbon hav-
ing a width of abut  the pitch of winding. 
The symbols nd principal formulas are tabulated 

above for conv•iience. All formulas have the same 
form f  inds of antennas, except for the num-
ber of turns n an the correction factors lea and kb. These 
factors are define. to have such values that (1) gives the 
correct vahif  'and L. 

t  or, the correction factor k. multiplies 
the area  t am n the effective area, as augmented 
by the electric to:1 outside the cylindrical volume. This 
factor is great , than unity and (for circular disks, 
A =1ra2) greater an 

4 b 
= 1.27 

7 a  a 
(9) 

based on two di  cs far apart. The value of k. is asymp-
totic to  b<<a, and is asymptotic to (9) for 
b>>a 
For the indurnr, the correction factor kb multiplies 

the axial length to obtain the effective length of the 
magnetic path ; augmented by the external return 
path. This  t, also is greater than unity. If b>a for 
a circular coil ( =71-0), this factor is closely approxi-
mated by the a- -nptotic value: 

8 a 

3r 1, 

a 
or better,  kb = 1 + 0.9 — •  (10) 

The effective voime becomes 

kbAb - Ab  0.9aA = Ab  2.80.  (11) 

If b <a, the fact , is somewhat less than this value. 
The electric-wole radiation from the capacitor is 

represented by lunt conductance G. or series resist-
ance R.. The manetic-dipole radiation from the induc-
tor is represente by series resistance R„, or shunt con-
ductance Gm. Irboth kinds of antenna the resistance 
formula is free of he correction factor, because the radi-
ation is caused 1., the current which is confined to cer-
tain definite dirmsions of the structure. Therefore, the 
radiation resistwv is the concept ordinarily used. Its 
value is given nr only in the general form but also in 
the simplified fon valid in free space. 

The fundamental limitation on the bandwidth and the 
practical efficiency of a small antenna is the radiation 
power factor, p. or pm, given by (5). It is always much 
less than unity because of the small size. It has the same 
value, whether computed from radiation resistance or 
conductance. It has the same form for both kinds of 
antennas. Its value, except for the correction factor, is 
the same for both kinds, and depends only on the ratio 
of the antenna volume Ab to the radian cube 11. 
In (5) the coefficient 1/67r is the product of the two 

factors 1/47r and 2/3. The former is the reciprocal of 
the solid angle of a sphere, which appears in rationalized 
formulas involving spherical waves. The latter is the 
fraction of the sphere which is filled with the doughnut 
pattern of radiation characteristic of a small dipole. 
As a special case of the radiation power factor, con-

sider an antenna occupying a cubic space Ab equal to a 
radian cube 1'. The resulting power factor is 1/67r 
=0.053, multiplied by the correction factor. In this 
case, approximately, k=2.7 and k6=1.5, so the power 
factors are p.= 0.14 and pm= 0.08. Therefore, this size of 
antenna has sufficient radiation damping to operate 
over a bandwidth of the order of 1/10 the mean fre-
quency, even if there is no other damping. 
A cubic antenna of this size (and one turn on the in-

ductor) has a reactance comparable with the wave re-
sistance of the medium (R=1/G =1207r =377 ohms in 
free space). The reactance (1/coC or coL) of each kind is 
reduced by the correction factor, so it has a value of 140 
ohms for the capacitor, or 250 ohms for the inductor. 
Reducing the size or the frequency increases the react-
ance of the capacitor and reduces that of the inductor. 
The latter has greater flexibility in that its reactance can 
be increased with the number of turns. 
In the cubic shape, the correction factor is slightly 

greater for the capacitor than for the inductor. This ad-
vantage is real, though it is small and may be over-
balanced, in some cases, by circuit disadvantages. 
If the axis of the cylinder is vertical, either antenna 

radiates in a pattern like a horizontal doughnut. Since 
the polarization is expressed with reference to the elec-
tric field, the capacitor radiates with vertical polariza-
tion and the inductor with horizontal. The required 
polarization is likely to be the determining factor in 
choosing which kind to use, if the horizontal doughnut 
is the desired pattern of radiaiion. 
A plane reflector doubles the radiation power factor if 

it is located lose enough to either kind of antenna and in 
such relation as to re-enforce the radiation. The plane 
reflector acts by virtue of its great conductivity or rela-
tive permittivity. A surface of water or ground may 
approximate a plane reflector. The size of the antenna 
and its proximity to the reflector must be such that the 
antenna and its image fall within a maximum dimension 
less than the radianlength, if the radiation power factor 
of (5) is to be doubled. Also, the reflector must have a 
radius greater than 1/4 wavelength. To re-enforce the 
radiation, the plane must be perpendicular to the ax;: 
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of the capacitor or parallel to the axis of the inductor, so 
the polarization is perpendicular to the plane. 
The cylindrical volume may be filled with a dielectric 

core in the capacitor or a magnetic core in the inductor. 
In either case, the radiation shunt conductance (not the 
series resistance) remains the same, because it is deter-
mined by the energy in the field outside of the antenna, 
regardless of that inside. A dielectric core of relative per-
mittivity k. increases the capacitance to 

A 
C = e—(ka+ k.— 1)  (12) 

approximately if b <2a. This reduces the radiation 
power factor in the ratio 

k.  1 

k.± k.— 1 k.— 1 
1 -r   

k. 

(13) 

A magnetic core of relative permeability k. increases the 
inductance to 

A 
L = •  (14) 

b(k b 1/k„, — 1) 

approximately if b >2a. This increases the radiation 
power factor in the ratio 

1 

C 
1+ 0.9 — 

b 

1  a 
1 

k..kb —+0.9 ka  b 

(15) 

The efficiency may be further increased by reduction in 
the effective coil resistance. 
The structure of the antenna is a subject by itself, 

outside the scope of this monograph. 
The same principles may be applied to the design of 

a reactor in which radiation is undesired and low power 
factor ("high Q") is desired. If the reactor is unshielded, 
the optimum size is a compromise between larger size 
to reduce internal series resistance and smaller size to 
reduce internal shunt conductance and radiation. The 
optimum size for a single-layer coil with negligible di-
electric power factor is that for which the radiation 
power factor is a minor fwction of the total, say between 
1/6 and 1/2, depending on the nature of the factors 
which determine the internal resistance. In ordinary 
cases, the volume of the coil should not exceed about 
1/100 of a radian cube, which means the diameter and 
length, if equal, should not exceed about 1/5 radian-
length, or 1/30 wavelength. If this size is too small, a 
larger coil with shielding may be required. 

V. THE CIRCUITS 

Efficient operation of a small antenna requires tuning 
to the operating frequency with a circuit which offers 
little additional dissipation. How much the circuit may 

detract from the efficiency depends on the nature of the 
generator or load coupled therewith, and on other re-
quirements such as bandwidth. The simplest case will be 

described as an example. 
Fig. 2 shows a generator or load coupled with an an-

tenna of either kind (C or L) through its tuner. In the 

ke Pe 

r - - -     

generator 

or 
load 
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Cr 
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—J 

Fig. 2—Tuned coupling of antenna with generator 
or load. 

(C) 

case of a generator, it is assumed that it is so coupled 
with the tuner as to deliver all of its available power to 
the tuner and antenna. In the case of a load, it is as-
sumed that it is so coupled with the tuner as to receive 
the maximum power therefrom, which is called the 
"available power." 
In general, the efficiency of the coupling circuit is in-

creased by increasing the coefficient of coupling between 
the tuner and the antenna, and by decreasing the power 
factor of the tuner. 
The coefficient of coupling (k. or k,) between the 

tuner and the antenna is defined in the usual way. Its 
square is called the "coupling efficiency" because it 
denotes the fraction of the total electric or magnetic 
energy of the tuned circuit which is in the antenna. It 
is expressed in (6) for the simple connection of Fig. 2, 
but has more general significance. 
The power factor p, of the tuner is taken to include all 

dissipation in the tuner and antenna, except the desired 
radiation. In Fig. 2, this is lumped in the effective shunt 
conductance G, or the effective series resistance R1. It is 
connected directly in parallel or in series with the radia-
tion effective conductance G. or resistance R,,,. In this 
connection the circuit efficiency is merely the ratio of 
the radiation power to the total power in the circuit, as 
expressed in (7). 

The more general expression of circuit efficiency is 
given by (8), in terms of power factor and coupling 
efficiency. This gives an indication of the relative im-
portance of all factors. 

After the coupling circuit has been designed for the 
maximum efficiency at the frequency of resonance, con-
sistent with available space, materials, and precision, 
the total power factor of the circuit will exceed ke2P. 
or k,2p„, by the amount of the tuner power factor p, and 
the added power factor contributed by the generator or 
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load. If the antenna comprises all the reactance of one 
kind in the circuit, and the tuner losses are small, the 
total power factor of the circuit may be that of the an-
tenna plus an equal value coupled from the gencrator or 
load. Therefore, a very efficient design may have a 
loaded power factor 2p, or 2p„„ and a corresponding 
bandwidth of the tuned circuit. 
If the bandwidth desired in the coupling circuit is 

either less or greater than that obtained by designing 
for maximum efficiency at the frequency of resonance, 
the redesign for different bandwidth will be at the ex-
pense of efficiency. Lesser bandwidth may be obtained 
by decreasing the coupling with generator or load, de-
creasing the coupling between tuner and antenna, multi-
ple tuning, or decreasing the antenna size. Greater 
bandwidth may be obtained by increasing the coupling 
with generator or load, increasing the power factor of 
the tuner, or developing the tuner into a wide-band cir-

cuit. 
Some types of generator or load do not double the 

power factor of the tuned circuit when coupled for nor-
mal operation. An efficiency generator, for example, 
operates best into an impedance much different from its 
internal impedance. A current generator of high resist-
ance, such as a high-/.L screen-grid tube, contributes little 
damping to a tuned output circuit. On the other hand, 
a voltage generator of low resistance, such as a low-ti 
triode tube or cathode-output circuit, more than doubles 
the damping in a tuned output circuit. Likewise, there 
are load circuits which are essentially voltage-operated, 
such as a voltmeter or the grid circuit of an amplifier; or 
current-operated, such as an ammeter. Either type of 
load may not be designed to utilize the available power, 
in which case it may add little to the damping. In view 
of the various effects of the associated circuits, the 
radiation power factor of the antenna is not the ultimate 
limitation on the bandwidth of efficient operation, but 
does indicate the order of magnitude and the trends 
with changes of antenna design. 

VI. EXAMPLES 

First example: A loop antenna is intended for opera-
tion with horizontal axis in a radio receiver cabinet in a 
small frame building. Its size is 1 meter square by 0.5 
meter axial length. 

Wavelength:  X=  300 
Radianlength:  1=  48 
Radian cube:  P=110,000 

m. (at 1 Mc.) 
m. 
m.3 

Antenna volume: Ab =  0.5 m.3 
Shape factor:  kb=  2 

The radiation power factor is computed by doubling (5) 
to include approximately the effect of the ground plane. 

Radiation power factor: p„,= 0.96 X10-1 . 

The loop is assumed to be one-half the entire inductance 
of the tuned circuit (6). 

Coupling efficiency: k=0.5. 

The power factor of the entire tuned circuit is assumed 
to be 0.01 and the efficiency is computed from (8). 

Efficiency: e= 0.48 X10-6/0.01 = 0.048 X10-3 . 
This represents a loss of 43 db. It is noted that the es-
sential performance is obtained without reference to 
incidental factors, such as the number of turns, which 
are supplied by ordinary design procedure. 
A capacitive antenna of comparable volume would 

give comparable performance, with some practical ad-
vantages and disadvantages. Its disuse indicates that 
the disadvantages usually predominate. 
A loop antenna as small as 1/5 the dimensions of this 

example, namely, 0.2 X0.2 X0.1 meter, is used in small 
receivers. The efficiency is approximately 0.4X10°, 
representing a loss of 64 db at 1 Mc. 
Second example: A capacitive antenna over ground is 

connected with a radio receiver. The antenna is a wire 
so its area is undefined. Including lead-in, its effective 
height is 4 meters and its capacitance is 200 micro-
microfarads, the I.R.E. standard. Therefore, its effec-
tive area is determined by (1). 

Antenna capacitance:  C=  200 µµfd. 
Effective height:  b=  4 m. 
Effective area:  kaA =bC/ e= 90 m.2 
Effective volume:  le.Ab =  360 m.3 
Wavelength:  X =  300 m. (at 1 Mc.) 
Radianlength:  1=  48 m. 
Radian cube:  /3=  110,000 m.3 

The radiation power factor over the ground plane is 
computed by doubling (5). 

Radiation power factor: p.=0.35 X i0-3 . 

The coupling efficiency is assumed to be reduced to 
about 0.01 so large variations of antenna will not cause 
appreciable detuning of the circuit. 

Coupling efficiency: 14=0.01. 

The power factor of the entire tuned circuit is assumed 
to be 0.01 and the efficiency is computed from (8). 

Efficiency: e= 0.35 X 10-3 . 

This is a loss of 35 db, chargeable 15 db to circuit dis-
sipation and 20 db to decoupling for reducing the reac-
tion of antenna changes on the tuning. Part of the lat-
ter (20 db) can be recovered by greater coupling and 
providing for retuning on each antenna. Otherwise, it 
is noted that this antenna is only 8 db better than the 
loop antenna of the first example. 
Third example: A loop antenna is intended for opera-

tion with vertical axis in a television receiver cabinet. 
Its size is 0.5 meter cube. It is tuned to the desired 

frequency channel. 

Wavelength:  X=5  m. (at 60 Mc.) 
Radianlength:  1=0.8  m. 
Radian cube:  I' =0.51 m. 3 

Antenna volume:  Ab=0.12 m.3 
Shape factor:  kb = 1.5 
Radiation power factor: p„,=0.019. 
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of the capacitor or parallel to the axis of the inductor, so 
the polarization is perpendicular to the plane. 
The cylindrical volume may be filled with a dielectric 

core in the capacitor or a magnetic core in the inductor. 
In either case, the radiation shunt conductance (not the 
series resistance) remains the same, because it is deter-
mined by the energy in the field outside of the antenna, 
regardless of that inside. A dielectric core of relative per-
mittivity k. increases the capacitance to 

A 
C = e — (k0+ k.- 1)  (12) 

approximately if b <2a. This reduces the radiation 
power factor in the ratio 

k.  1 

k.- 1  k.-1 

k. 

(13) 

A magnetic core of relative permeability km increases the 
inductance to 

A 
L = ,un2   (14) 

b(k b + 11k„, - 1) 

approximately if b>2a. This increases the radiation 
power factor in the ratio 

1 

1 
kmkb 

a 
1 + 0.9 — 

b 

km - 1  1  a 
— + 0.9 — 
km 

(15) 

The efficiency may be further increased by reduction in 
the effective coil resistance. 
The structure of the antenna is a subject by itself, 

outside the scope of this monograph. 
The same principles may be applied to the design of 

a reactor in which radiation is undesired and low power 
factor ("high Q") is desired. If the reactor is unshielded, 
the optimum size is a compromise between larger size 
to reduce internal series resistance and smaller size to 
reduce internal shunt conductance and radiation. The 
optimum size for a single-layer coil with negligible di-
electric power factor is that for which the radiation 
power factor is a minor fction of the total, say between 
1/6 and 1/2, depending on the nature of the factors 
which determine the internal resistance. In ordinary 
cases, the volume of the coil should not exceed about 
1/100 of a radian cube, which means the diameter and 
length, if equal, should not exceed about 1/5 radian-
length, or 1/30 wavelength. If this size is too small, a 
larger coil with shielding may be required. 

V. THE CIRCUITS 

Efficient operation of a small antenna requires tuning 
to the operating frequency with a circuit which offers 
little additional dissipation. How much the circuit may 

detract from the efficiency depends on the nature of the 
generator or load coupled therewith, and on other re-
quirements such as bandwidth. The simplest case will be 

described as an example. 
Fig. 2 shows a generator or load coupled with an an-

tenna of either kind (C or L) through its tuner. In the 
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Fig. 2—Tuned coupling of antenna with generator 
or load. 

(C 

(L) 

case of a generator, it is assumed that it is so coupled 
with the tuner as to deliver all of its available power to 
the tuner and antenna. In the case of a load, it is as-
sumed that it is so coupled with the tuner as to receive 
the maximum power therefrom, which is called the 
"available power." 
In general, the efficiency of the coupling circuit is in-

creased by increasing the coefficient of coupling between 
the tuner and the antenna, and by decreasing the power 
factor of the tuner. 
The coefficient of coupling (le, or k,) between the 

tuner and the antenna is defined in the usual way. Its 
square is called the "coupling efficiency" because it 
denotes the fraction of the total electric or magnetic 
energy of the tuned circuit which is in the antenna. It 
is expressed in (6) for the simple connection of Fig. 2, 
but has more general significance. 
The power factor p, of the tuner is taken to include all 

dissipation in the tuner and antenna, except the desired 
radiation. In Fig. 2, this is lumped in the effective shunt 
conductance G, or the effective series resistance Rt. It is 
connected directly in parallel or in series with the radia-
tion effective conductance G. or resistance R,„. In this 
connection the circuit efficiency is merely the ratio of 
the radiation power to the total power in the circuit, as 
expressed in (7). 

The more general expression of circuit efficiency is 
given by (8), in terms of power factor and coupling 
efficiency. This gives an indication of the relative im-
portance of all factors. 

After the coupling circuit has been designed for the 
maximum efficiency at the frequency of resonance, con-
sistent with available space, materials, and precision, 
the total power factor of the circuit will exceed kc2P. 
or kep„, by the amount of the tuner power factor p, and 
the added power factor contributed by the generator or 
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load. If the antenna comprises all the reactance of one 
kind in the circuit, and the tuner losses are small, the 
total power factor of the circuit may be that of the an-
tenna plus an equal value coupled from the generator or 
load. Therefore, a very efficient design may have a 
loaded power factor 2p, or 2p,,, and a corresponding 
bandwidth of the tuned circuit. 
If the bandwidth desired in the coupling circuit is 

either less or greater than that obtained by designing 
for maximum efficiency at the frequency of resonance, 
the redesign for different bandwidth will be at the ex-
pense of efficiency. Lesser bandwidth may be obtained 
by decreasing the coupling with generator or load, de-
creasing the coupling between tuner and antenna, multi-
ple tuning, or decreasing the antenna size. Greater 
bandwidth may be obtained by increasing the coupling 
with generator or load, increasing the power factor of 

1 the tuner, or developing the tuner into a wide-band cir-
i cuit. 

Some types of generator or load do not double the 
power factor of the tuned circuit when coupled for nor-
mal operation. An efficiency generator, for example, 

) operates best into an impedance much different from its 
i internal impedance. A current generator of high resist-
ance, such as a high-j.& screen-grid tube, contributes little 
damping to a tuned output circuit. On the other hand, 
a voltage generator of low resistance, such as a low-ti 
triode tube or cathode-output circuit, more than doubles 
the damping in a tuned output circuit. Likewise, there 
are load circuits which are essentially voltage-operated, tsuch as a voltmeter or the grid circuit of an amplifier; or 
current-operated, such as an ammeter. Either type of 
load may not be designed to utilize the available power, 
in which case it may add little to the damping. In view 

r  

of the various effects of the associated circuits, the 
radiation power factor of the antenna is not the ultimate 
limitation on the bandwidth of efficient operation, but 
does indicate the order of magnitude and the trends 
with changes of antenna design. 

VI. EXAMPLES 

First example: A loop antenna is intended for opera-
tion with horizontal axis in a radio receiver cabinet in a 
small frame building. Its size is 1 meter square by 0.5 
meter axial length. 

Wavelength:  X=  300  m. (at 1 Mc.) 
Radianlength:  1=  48  m. 
Radian cube:  l= 110,000  m.' 
Antenna volume : Ab=  0.5 m.' 
Shape factor:  kb=  2 

The radiation power factor is computed by doubling (5) 
to include approximately the effect of the ground plane. 

Radiation power factor: p„.= 0.96 X10-4. 
The loop is assumed to be one-half the entire inductance 
of the tuned circuit (6). 

Coupling efficiency: k=0.5. 

The power factor of the entire tuned circuit is assumed 
to be 0.01 and the efficiency is computed from (8). 

Efficiency: e= 0.48 X 10-V0.01 = 0.048 X10-3 . 
This represents a loss of 43 db. It is noted that the es-
sential performance is obtained without reference to 
incidental factors, such as the number of turns, which 
are supplied by ordinary design procedure. 
A 'capacitive antenna of comparable volume would 

give comparable performance, with some practical ad-
vantages and disadvantages. Its disuse indicates that 
the disadvantages usually predominate. 
A loop antenna as small as 1/5 the dimensions of this 

example, namely, 0.2 X0.2 X0.1 meter, is used in small 
receivers. The efficiency is approximately 0.4 X 10-3 , 
representing a loss of 64 db at 1 Mc. 
Second example: A capacitive antenna over ground is 

connected with a radio receiver. The antenna is a wire 
so its area is undefined. Including lead-in, its effective 
height is 4 meters and its capacitance is 200 micro-
microfarads, the I.R.E. standard. Therefore, its effec-
tive area is determined by (1). 

Antenna capacitance:  C=  200 µµfd. 
Effective height:  b=  4 m. 
Effective area:  le„A=bC/e= 90 m.2 
Effective volume:  le.A.b=  360 m.3 
Wavelength:  X =  300 m. (at 1 Mc.) 
Radianlength:  1=  48 m. 
Radian cube:  12= 110,000 m.3 

The radiation power factor over the ground plane is 
computed by doubling (5). 

Radiation power factor: p.=0.35 X10-3 . 

The coupling efficiency is assumed to be reduced to 
about 0.01 so large variations of antenna will not cause 
appreciable detuning of the circuit. 

Coupling efficiency: kb =0.01. 

The power factor of the entire tuned circuit is assumed 
to be 0.01 and the efficiency is computed from (8). 

Efficiency: e= 0.35 X 10-3 . 

This is a loss of 35 db, chargeable 15 db to circuit dis-
sipation and 20 db to decoupling for reducing the reac-
tion of antenna changes on the tuning. Part of the lat-
ter (20 db) can be recovered by greater coupling and 
providing for retuning on each antenna. Otherwise, it 
is noted that this antenna is only 8 db better than the 
loop antenna of the first example. 
Third example: A loop antenna is intended for opera-

tion with vertical axis in a television receiver cabinet. 
Its size is 0.5 meter cube. It is tuned to the desired 
frequency channel. 

Wavelength: 
Radianlength: 
Radian cube:  la =0.51 
Antenna volume:  Ab =0.12 
Shape factor:  k=1.5 
Radiation power factor: p„,= 0.019. 

X=5 m. (at 60 Mc.) 
/=0.8  m. 

m.3 
m.3 
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Since the required bandwidth is about 0.1 of the center 
frequency, or about sp,„, there is a loss of only 4 to 7 db, 
depending on the nature of the circuits connected with 
the antenna for increasing the bandwidth. 
Fourth example: A loop antenna is intended for oper-

ation with horizontal axis in a portable f.m. receiver. Its 
size is 0.2 meter cube. It is tuned to the desired fre-
quency. All losses except radiation and load are assumed 
to yield a tuner power factor of 0.01. 

Wavelength: 
Radianlength: 
Radian cube: 
Antenna volume: 
Shape factor: 
Radiation power factor: 
Tuner power factor: 
Efficiency: 

X=3  m. (at 100 Mc.) 
1=0.48  m. 
P=0.11  m.1 
ilb=0.008 m.' 
kb = 1.5 
-= 0.0058 

P. = 0.01 
e =0.37. 

This is a circuit loss of 4 db. The bandwidth is 2 or 3 

Mc., more than enough for a single channel 0.2 Mc. 
wide. However, if the same antenna were required to 
cover the entire band of 88 to 108 Mc. without retuning, 
a width of 0.2 times the mean frequency, the loss would 
be 12 to 15 db caused by the wide-band circuit. 
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A Helical Antenna for Circular Polarization* 
HAROLD A. WHEELERt, FELLOW, I.R.E. 

Summary—A helical coil radiates a wave of circular polarization 
in a doughnut pattern if the area and pitch of the turns are properly 
related to the radianlength of the wave. For a coil whose dimensions 
are less than the radianlength, circular polarization requires that the 
area A of each turn and the pitch p be related to the radianlength 
1 as follows: 

A= pl. 
The simplest form of helical antenna is a self-resonant coil of several 
turns. To obtain greater radiation power factor and efficiency, a mul-
tifilar winding is preferred, having a fractional turn for each of sev-
eral helical wires connected in parallel with symmetry around the 
axis. This type of antenna offers television the advantages of circular 
polarization in suppressing echoes from reflecting surfaces. 

I. INTRODUCTION 

AHELICAL COIL can be designed to radiate 
waves of circular polarization by properly pro-
portioning the area and pitch of the turns with 

relation to the wavelength or radianlength. The screw 
direction of the helix determines the direction of rota-
tion of the wave polarization. The simplest case of this 
helical antenna is a small one whose dimensions are 
less than the radianlength. 
A small antenna whose dimensions are less than the 

radianlength behaves essentially as a dipole with a co-
axial doughnut pattern of radiation. If it is an electric 
dipole or current element, the polarization of the electric 
vector is in the plane of the dipole. If it is a magnetic 
dipole or current loop, the polarization of the electric 

• Decimal classification: R125.3 X R326.6. Original manuscript 
received by the Institute, November 7, 1946. Presented, 1947 I.R.E. 
National Convention, March 6, 1947, New York, N. Y. This study 
was made for Hazeltine Electronics Corporation, Little Neck, N. Y. 
t Consulting Radio Physicist, Great Neck, N. Y. 

vector is normal to the plane of the dipole (the plane 
through the axis of the loop). 
The helical antenna is a superposition of  electric and 

magnetic dipoles to radiate a wave with circular polar-
ization. Reference (9) of the Bibliography shows that a 
capacitor and an inductor occupying equal cylindrical 
volumes have approximately the same power factor of 
radiation. If these are made of equal reactance and con-
nected together to form a circuit resonant at the operat-
ing frequency, it follows that the radiated power is 
about equally divided between the electric-dipole radia-
tion from the capacitor and the magnetic-dipole radiation 
from the inductor. 
A coaxial superposition of the capacitor and inductor 

is possible if the structure of each is designed to give the 
required freedom to both fields; there is no inconsistency 
in their coexistence in the same space. 

Circular polarization requires two relations between 
the crossed fields in a wave. They must have equal in-
tensity and phase quadrature in time. Then the direc-
tion of rotation of the polarization depends on the 
phase sequence of the crossed components of either 
field. 

The helical antenna inherently obtains the phase 
quadrature. The equality of intensity of the crossed 
components is obtained by making the area of each 
turn equal to the product of the pitch of the turn times 
the radianlength (1/21r wavelength). The rotation is 
determined by the screw direction of the helix. Ideally, 
there should be no other radiating or reflecting con-
ductors in the vicinity. Capacitive loading at the ends 
of the coil is permissible, as well as circuit connections 
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in the center. These conditions require that the helix 
operate as a balanced antenna, or unbalanced and con-
nected with a nonradiating, nonreflecting shield. 
Efficient operation of a capacitor or inductor as an 

antenna, as treated in reference (9) of the Bibliography, 
requires that the radiation power factor exceed the cir-
cuit power factor of the antenna and tuner. High effi-
ciency requires that the dimensions of the antenna be 
comparable with the radianlength. To secure this re-
sult in a helical antenna with a length of wire con-
sistent with half-wave resonance, the helix must be 
made of very few turns, or even a fraction of one turn. 
For this purpose a multifilar helical winding is em-
ployed to maintain the required symmetry about the 

axis. 
The helical antenna opens up some interesting pos-

sibilities in diversity reception with small antennas 
located close together. 
The use of transmitting and receiving antennas of the 

same screw direction offers television some striking ad-
vantages in suppressing echoes. It happens that the 
rotation of polarization is reversed on reflection from a 
metallic plane surface, so the receiver becomes insensi-
tive to the echo. The degree of suppression which can 
be obtained in practice remains to be proved by tests. 
Such a transmitter would also permit the use of either 
horizontal or vertical receiving antennas if the benefit 
of echo suppression were not required. 

II. SYMBOLS 

a =radius of circular cylindrical volume (meters) 
A =area of base of cylindrical volume (meters2) 
b= height of cylindrical volume (meters) 
p =b/n= pitch per turn of coil (meters) 
n= number of turns of coil 
kb= shape factor of inductor =effective length/actual 

length (b) 
co= radian frequency (radians/second) 
1=1/27r wavelength radianlength (meters) 
e =electric permittivity in free space (farads/meter) 
= magnetic permeability in free space (henries/ 

meter) 
R= 1207r =377 = wave resistance in free space (ohms) 
E=electric field intensity (volts/meter) 
II= magnetic field intensity (amperes/meter) 
p„,=radiation power factor of inductor antenna (mag-

netic dipole) 
pe,,,= radiation power factor of helical antenna 
I =alternating current (vector) (amperes) 

t = time (seconds). 

III. THE BASIC RELATIONS IN THE HELICAL 
ANTENNA 

Fig. 1(a) shows a helical coil of several turns. Fig. 1(b) 
shows how each turn of the helix may be resolved into 
two radiating components, one an axial line of length 
equal to the pitch p, and the other a flat turn of area A 
normal to the axis. The former radiates as an electric 

dipole, and the latter as a magnetic dipole. A certain 
relation between the area and pitch of each turn is re-

A =  a2 

V = Ab 

(a) (b) 

Fig. 1—The helical antenna (a) and the components of a 
single turn (b). 

quired to give the equality of the crossed fields which 
characterizes circular polarization. However, the rela-
tive phase of the crossed fields is the first question. 
The radiation of each type is proportional to the 

dipole moment. The moment of the electric dipole is 
equal to the product of length times charge at the poles. 
For an alternating current of vector amplitude I at 
radian frequency co flowing in a short conductor of 
length p, the electric moment is 

ip 
P f Idt = — ampere-second-meters 

.iw 

where di is the differential of the time t, and jco is the 
differential operator. The moment of a magnetic dipole 
is similarly defined. The corresponding magnetic mo-
ment of a loop is equal to the product of current times 
area times magnetic permeability. For the same current 
as above, flowing around a loop of area A in a medium 
of magnetic permeability j.c, the magnetic moment is 

AI A volt-second-meters.  (2) 

The resulting radiation fields at the same distance from 
both dipoles have a ratio determined by the ratio of 
dipole moments. 
The ratio of the radiation flux components parallel to 

the axis of the dipoles is 

jcoldi„, ,JA  volts 
  =   
jweE,  Ip/jw amperes 

where E. is the axial component of electric field inten-
sity from the electric dipole, H„, is the axial component 
of magnetic field intensity from the magnetic dipole, and 
e is the electric permittivity of the medium. These ratios 
are expressed in such a way as to show the identity of 
units. In each wave the electric and magnetic intensities 
are inherently related by the wave impedance R of the 
medium, as follows: 

— 
E.  E. 
= —  = R = 

H.  Hm 

volts 

ittle amperes 

(1) 

(3) 

(4) 

where II. and E„, are, respectively, the magnetic inten-
sity from the electric dipole and the electric intensity 
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from the magnetic dipole. The ratio of intensities of cor-
responding fields may be expressed: 

E.  H.  R H. = jcopA 

E. = H. — E.  Rp 

The last ratio is obtained by combining with the pre-
ceding equations (3) and (4). It shows that the cor-
responding fields of the two waves of crossed polariza-
tion are in phase quadrature as indicated by the differ-
ential operator jw. No attempt is made here to formu-
late the direction of rotation of the polarization. 
The condition for equality of crossed components is a 

structural relation best expressed in terms of the radian-
length I rather than the angular frequency: 

1 

1N 41 . 

Substituting in (5) for unity ratio of corresponding com-
ponents, 

to — 

A = p — = 
44.4 

(5) 

(6) 

(7) 

This is the basic relationship for a small helix equivalent 
to superposed coaxial electric and magnetic dipoles. The 
area of each turn is equal to the product of its pitch 
times the radianlength. 
The relation (7) can be derived more simply from the 

condition for equal field intensities from a current ele-
ment 1„ and a current loop IA, which gives 

A  p 
12 

=  ; A =  (8) 

Also, the phase difference of the crossed fields can be 
deduced from this simple relation because the ratio of 
the two fields involves the first power of the radian-
length or frequency, inevitably associated with phase 
quadrature. 
The above relation is based on the assumption that all 

the radiation comes from the helix, and none from other 
conductors. This places a severe restriction on the asso-
ciated connections. To avoid unbalanced current in the 
connecting leads, these leads are preferably balanced 
lines connected or coupled with a balanced helical an-
tenna at its center. While a self-resonant helix is the 
simplest example of this type of antenna, it is permis-
sible to add capacitive loading at each end in the form of 
radial spokes connected at a central hub. Such spokes 
contribute a negligible amount of radiation. • 
While circular polarization can be obtained from inde-

pendent dipole and loop structures, connected together 
as in Fig. 1(b), for example, the helical antenna seems to 
make the best use of a limited space. The entire con-
ductor contributes to both of the crossed components 
of radiation. 
The diameter of the conductor can be enlarged to a 

substantial fraction of the space between conductors, so 
the energy in the space close to the wires and also the 

wire resistance are reduced in the interest of increasing 
the radiation power factor and the efficiency. Some 
economy of space may be obtained by curtailing the 
ends of the helix, which contribute little to the radia-
tion, and replacing them by capacitive loading in the 
form of radial spokes. 
Two helical antennas of like screw direction operate 

together as transmitter and receiver by circular polar-
ization. Other helical antennas of the same screw direc 
tion may be used as reflectors and directors, eithe 
driven or parasitic, because they both receive and trans 
mit the circular polarization with the same screw direc 
tion. In view of the circular polarization, the transmis 
sion between the two antennas depends only on their 
patterns of directivity, and not on their orientation 
about their common line of centers. Interference from 
reflected signals is greatly reduced because their polar-
ization is reversed by the mirror image of the helical 
antenna. There is no advantage, however, against dif-
fraction loss around the earth, or against double reflec-
tion which restores the same polarization. 
A helical antenna of opposite screw direction is theo-

retically uncoupled, although there is a residual cou-
pling caused by imperfections. The discrimination be-
tween adjacent channels in the frequency spectrum 
would be improved by assigning reverse circular polar-
ization on adjacent channels. 

If it is desired to discriminate in favor of reflected sig-
nals, as in radar, the use of reverse circular polarization 
in the transmitter relative to the receiver would ac-
complish this result. - 

IV. THE HELICAL ANTENNA OF SEVERAL TURNS 

The assumption of uniform current around each turn 
of the helix requires that each turn be much less than 
the resonant length of wire (approximately  wave-
length). In other words, a self-re4onant helix must be 
small enough so that the resonant length of wire is 
wound in a substantial number of turns. This means a 
coil radius which is a small fraction of the radianlength. 

As a rough approximation to a self-resonant helix, a 
half-wave wire is wound in accordance with the critical 
relation of (8) to radiate circular polarization. The 
length of wire is 

rl = 2ran = 2rab/ p  (9) 

where a is the coil radius and n is the number of turns. 
The critiCal relation for circular polarization is, from (8) 
and (9), 

pi =  = 2ab; 

The dimensions of the coil 

2  1 
a = — b = — • 

iF  2n' 

n = b/p = 1/2a.  (10) 

cylinder become 

TiiF   

b = —a = — • 
2  4n 

• (11) 

Therefore, a self-resonant helix of this shape inherently 
gives approximately circular polarization. 



1 The radiation power factor of a self-resonant helix 
may be deduced roughly from (5) in reference (9) of the 

, Bibliography for lumped circuits. It is defined as the 
ratio of radiation resistance over reactance. The self-
resonant helix has an average current about 2/7r times 

I the maximum current in the center. Therefore, its 
length of wire is about 2/7r effective, so the active length 
of the coil is about equal to the radius. The shape factor, 
kb in reference (9), is about 2, so the effective volume is 
i about 7ra2 X 2a = 27ra3. The total radiation power factor 
caused by both electric and magnetic radiation is ob-
tained approximately from formula (5) in reference (9): 

p e„, = 2p„, — 2 27ra3 2 ( a )3 1   —  / = —  ( 1 2) 
6r  13 3  120 

Therefore, a self-resonant helix of several turns has a 
very small power factor of radiation and resulting low 
efficiency. The tabulation below gives the power factor 
for various numbers of turns: 

n  p em 
2  0.010 

3  0.0031 

4  0.0013 

5  0.00067 

10  0.000083 

20  0.000010. 

In the preceding formula, it is assumed that the wire 
diameter is a substantial fraction of the pitch of wind-
ing, as is customary in helical coils. A multifilar winding 
may be preferable in some cases, as will be described 

further in the next section. Usually the wire diameter 
should not be much over half the pitch, especially in the 
case of very few turns. 

V. THE HELICAL ANTENNA OF FRACTIONAL TURNS 

To obtain a fairly large radiation power factor and 
resulting high efficiency in a helical antenna, it is nec-
essary to use effectively only one turn or less. The main-

 (a) 

(b) 

Fig. 2—The multifilar helical antenna of fractional 
turns. 

(13) 

tenance of axial symmetry of current distribution then 
requires a multifilar winding of several wires connected 
in parallel at the poles of the coil. 
Fig. 2 shows an example of such a multifilar winding 
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having effectively  turn; (a) shows the spokes and hub 
which joins all the wires at each pole of the coil, and (b) 
shows the four helical wires of I turn each. While the 
wires are shown as lines for clarity, they should have a 
diameter which is a substantial fraction of their separa-
tion but not so great as to obstruct the magnetic field or 
to cause excessive capacitance. 
The multifilar construction requires the radial spokes 

at each end to connect the wires in parallel. These 
spokes do not radiate in appreciable amount, but do 
contribute capacitive loading at the ends of the coil. 
A self-resonant helix along the lines of Fig. 2 would 

have approximately one-half wavelength of wire in each 
of the parallel branches from pole to pole. There is an 
optimum fractional number of turns and a correspond-
ing optimum shape for the self-resonant case to obtain 
maximum "radiation power factor." The optimum num-
ber of turns is probably in the range between  and 1 
turn, and the optimum shape probably has an axial 
length about equal to the radius, so Fig. 2 is drawn near 
the optimum proportions. 
The number of wires in parallel, for n turns effective, 

is preferably at least 2/n. For example,  turn should 
have 4 wires as in Fig. 2, or more if practical. In general, 
the more the better. 
The same basic relation (8) applies to the multifilar 

helix of fractional turns, but the pitch becomes greater 
than the axial length of the coil. The simplified formu-
las (9) to (12) fail because a substantial part of the 
length of wire is used in the end spokes and an added 
length over the circumference of the cylinder. Also, the 
diameter may slightly exceed the radianlength, so the 
assumed equivalence of small dipoles is inadequate. For 
the self-resonant half-turn helical antenna of Fig. 2, the 
radius and the axial length for circular polarization are 
roughly 0.6 the radianlength. 

VI. CIRCUIT CONNECTIONS 

The connections between a helical antenna and a 
transmitter or receiver are chosen to preserve the radia-
tion characteristics of the helix free of any other con-

(a)  (b)  (c)  (d) 

Fig. 3—Connections with a near-by set. 

tributions to the radiation. This requires maintaining 
the balance of the two ends, or some expedient for avoid-
ing radiation from unbalanced currents in associated cir-

cuits. 
Fig. 3 shows several balanced connections between a 

helical antenna and a near-by set. They all involve short 
leads from two terminals in the center of the helix. A 
self-resonant helix (a) is connected to a small coupling 
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coil for coupling a tuned circuit in the set. The helix 
(b) is similar, except that it is shorter and has capacitive 
loading at the ends. The helix (c) is somewhat longer 
than the resonant length, and the excess reactance is 
tuned out by series capacitors in the set. The helix (d)is 
still longer and its reactance is tuned out at intervals by 
series capacitors; these are separated by a length of 
wire of about  wavelength or less, so the current in be-
tween is nearly uniform. 
Fig. 4 shows several arrangements for connecting a 

helical antenna with a set through a transmission line. 
The first example (a) is an unbalanced connection which 

A/4 —•-•--)./4 

(a)  (b)  (c) 

Fig. 4—Connections through a transmission line. 

is well adapted for a low-impedance line connected with 
a coil self-resonant over a shield made of several quarter-
wave radial spokes. It is especially useful for a helix of 
fractional turns, which has a size which is a substantial 
fraction of the size of the radial spokes. 
Figs. 4(b) and (c) show examples of a helix located at 

a distance from the set and connected therewith through 
a half-wave line. The stubs in the center of the line do 
not affect the desired balanced currents in the line, but 
do prevent resonance toward unbalanced currents. The 
simpler form (a) disturbs the symmetry in the vicinity 
of the helix, so the symmetrical form (b) may be pre-
ferred. In either case, the capacitive currents between 
the coil and the line are unbalanced on the line and cause 
some radiation opposing the electric-dipole radiation 
from the helix. This may be compensated by a slight 
increase in pitch. 
In the case of a multifilar winding of few turns or 

fractional turns, center terminals common to all wires 
are not available. Fig. 5 shows two alternative connec-
tions, the helix being shown unwound in the diagrams. 
In one arrangement (Fig. 5(a)) the leads are connected 
in only one of the parallel wires, and therefore carry 
only a fraction of the current. The radiation resistance 
at these terminals is much greater than that presented 
to the entire current; 16 times as great in the case of 4 
parallel wires. In the other arrangement (Fig. 5(b)) the 

leads are tapped on one of the parallel wires at points 
far enough from the center to present the desired im-
pedance. Series capacitors are inserted in the leads if 
needed to cancel the reactance component of the im-
pedance between the tapping points. Either of these two 
arrangements may be adapted to match a long transmis-
sion line. 

1 December 
(a)  (b) 

Fig. 5—Connections with a multifilar helical antenna. 

One form of diversity reception may be obtained by 
two antennas responsive to opposite circular polariza-
tion. Two helical antennas of opposite screw directions 
may be used for this purpose, as shown in Fig. 6. The 

Fig. 6—Diversity receiver using helical antennas of opposite 
circular polarization. 

antennas A1 and 112 have, respectively, right-hand and 
left-hand winding. They are connected to separate re-
ceivers R1 and R2, then to a combining receiver R3 con-
taining the mixing and switching circuits which are 
customary in diversity reception. 
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An Adjustable Wave-Guide Phase Changer* 
A. GARDNER FOXt, SENIOR MEXIBER, I.R.E. 

Summary—A very interesting and useful component of the wave-
guide art is the differential phase-shift section, wherein dominant 
waves of one polarization are caused to travel through a section of 
wave guide at a different velocity than waves polarized at right angles 
to the first. Particularly useful are the 6,90-degree and 6,180-degree 
differential phase-shift sections which produce differential delays 
between the two polarizations of 90 degrees and 180 degrees, re-
spectively. The properties of these sections are discussed, and it is 
shown how they may be combined to form a phase changer which 
will transmit substantially 100 per cent of the incident power with a 
phase which is readily adjustable. Several .different methods of 
building these sections are finally described. 

INTRODUCTION 

A
CONTINUOUSLY adjustable phase changer, 
by means of which the phase of an output wave 
may be shifted with respect to the input, is a 

very convenient and often necessary component in 
the radio-frequency art. A number of types have been 
used in the past, and these have usually taken one of 
two forms: a network of lumped-circuit elements in 
which the phase change is obtained by varying the 
magnitude of certain of the elements, or a rotary ca-
pacitor in which a pickup plate is caused to rotate over 
a set of stationary plates which are driven by quadrature 
voltages in such a way that a rotating electric field is 
set up thereby. In the first case, the lumped circuits 
do not allow a continuous adjustment of phase from 
zero through 360 degrees. The rotary capacitor usually 
does. However, both types have the severe disadvan-
tage that they are primarily voltage devices. That is, 
they are composed of high-impedance circuits, and the 
output power taken by the load must be kept very 
small so as not to disturb the phase relations in the 

circuit, or the field in the capacitor. 
The following will describe a new form of phase 

changer which has proven very useful and which is 
primarily adapted for wave-guide applications. It pro-
vides continuous and cumulative shift of phase by 
means of a rotary adjustment. This is a rather important 
feature, since a reciprocating adjustment would prac-
tically rule out any high-speed applications. But per-
haps the most outstanding and unique property of this 
device is that it is capable of transmitting with arbi-
trarily variable phase substantially 100 per cent of the 
power available from the source. This is a very useful 
property in the microwave range where power is precious 
and cannot easily be regained by amplification. Further-

* Decimal classification: R118. Original manuscript received by 
the Institute, August 21, 1946; revised manuscript received, Decem-
ber 2, 1946. 
This paper is based upon the results of a microwave research pro-

gram in progress at the Holmdel Radio Laboratory of the Bell 
'Telephone Laboratories in 1940. Withheld from publication, the 
greater part of this material was extensively circulated to agencies 
connected with the war effort as an unpublished memorandum dated 
April 30, 1941. 
f Bell Telephone Laboratories, Inc., Red Bank, N. J. 

more, it is capable of handling power of the order of 
several hundred kilowatts. 
This device is made possible by the fact that in a 

wave guide of circular or square cross section it is 
possible to have two traveling waves of the dominant 
type which have their electric axes at right angles to 
one another and are therefore independent. It is well 
known that the dominant transverse electric wave in a 
circular wave guide has an electric field pattern in 
any particular cross section of the wave guide as shown 
in Fig. 1. As the wave travels past this cross section, 
the orientation and shape of the field contours remain 
fixed, although the magnitude Of the field will vary. 
Consequently, such a wave may be characterized by a 
certain direction of polarization indicated by the vector 
E. We may then say that the wave shown in Fig. 1 is 
vertically polarized because the electric field com-
ponent passing through the center of the cross section 
of the wave guide is oriented vertically. We might have 

Fig. 1—Field pattern and polarization of dominant wave 
in circular guide. 

an infinite number of other dominant waves of the same 
type which are polarized at all possible angles. How-
ever, it can be shown that any of these waves may be 
resolved into two dominant waves, one of which is 
polarized vertically, and the other of which is polarized 
horizontally. If a linearly polarized receiver is so ar-
ranged as to absorb vertically polarized dominant 
waves, the presence of horizontally polarized waves will 
not be detected, and we may therefore conclude that 
the wave guide can be used as if it constituted two inde-
pendent transmission lines, one for vertically polarized 
waves, and the other for horizontally polarized waves. 
Since a wave at any other angle has components in the 
vertical and horizontal directions, the number of inde-
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pendent transmission lines available is limited to two. 
It has also been shown that the phase velocity of 

waves in a metal-tube guide is greater than the velocity 
of light in free space, and this phase velocity is depend-
ent upon the physical dimensions of the tube. It is, 
therefore, possible to control the phase velocity by suit-
ably designing the wave guide section. Furthermore, it 
is possible to build a section of wave guide which will 
produce two different phase velocities depending upon 
whether waves are polarized parallel with or perpendicu-
lar to a certain axis. 
A section of wave guide having this property, namely, 

the ability to transmit two sets of waves polarized at 
right angles to one another with different speeds, will, 
of course, produce two different phase delays for the 
two polarizations, and accordingly will be called a 
"differential phase-shift section." Such sections have a 
number of interesting and very useful properties, both 
independently and in combination. 
One such combination is the phase changer men-

tioned above which comprises three differential phase-
shift sections of wave guide assembled in tandem. The 
first of these converts incident linearly polarized waves 
into circularly polarized waves. The second se;•ves to 
rotate the instantaneous orientation of the circularly 
polarized waves as required, thereby shifting the phase 
of the output. The third section then reconverts the 
circularly polarized waves back to linearly polarized 
waves. However, before attempting to explain the opera-
tion in detail, it will be necessary to familiarize ourselves 
with the properties of the differential phase-shift sec-
tions themselves, deferring temporarily any discussion 
of the constructional details. Next we will explain how 
these sections can be used to perform several useful 
functions, including the one of producing an arbitrarily 
variable phase shift. Finally, the methods of building 
differential phase-shift sections will be described. 

46.90-DEGREE SECTION 

While, as mentioned above, either circular or square 
cross-section wave guide may be employed for these 
sections, it will become clear later that the circular 
cross section is in general preferred, and we will re-
strict our attention principally to this form. Suppose 
then that we choose a length of circular wave guide of 
suitable dimensions to transmit the dominant trans-
verse electric wave for the frequency in which we are 
interested. And suppose that we equip the section with 
elements, to be described later, so that waves polarized 
parallel to axis A (Fig. 2(a)) travel fasterl than those 
polarized parallel to axis B, which is at right angles to 
A. This is indicated schematically by showing dia-
metral electric vectors a and b corresponding to ad-
jacent voltage maxima for two waves polarized parallel 
to the axes A and B, respectively, and entering the 
section from the left at the same instant. These vectors 
are convenient tags which we have hung on the two 

All mention of speed refers to phase velocity. 

waves at significant points, and by following them 
through the phase-shift sections we may observe the 
effects upon the waves as a whole. At the right these 
two vectors are shown emerging displaced from one 

(a) 
Fig. 2(a)—Conversion from linear to circular polarization by 

A90-degree section. 

(b) 
Fig. 2(b)—Conversion from circular to linear polarization by 

A90-degree section. 

(c) 
Fig. 2(c)—Rotation of polarization by means of A180-degree section. 

another, a' having traveled a greater distance than b' 
by virtue of its greater phase velocity. For convenience 
the section is shown alone in space, but it should be 
understood that the waves are conducted into and out 
of the section by means of adjoining wave guides hay-
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ng the same cross section. If, now, the properties of 
he section are adjusted so that a' precedes b' by one-
wafter wavelength, the differential phase shift will be 
10 degrees and the section will be denoted by the symbol 
190 degrees. It should be noted that this phase differ-
ntial bears no direct relation to the absolute phase 
lelay, which does not concern us here, but is the dif-
erence between the two absolute phase delays. 
Let us now examine the properties of the emerging 
wave as seen at some particular cross section to the 
ight. First the wave will appear to have an instantane-
3US electric vector a' which points upward. Ninety de-
;rees later in time the field pattern will have moved 
forward by one-quarter wavelength, And the electric 
vector b' will point to the right. One hundred and 
eighty degrees later the vector will point downward. 
Two hundred and seventy degrees later the vector 
will point to the left. Thus we may say that these two 
emerging waves form a circularly polarized2 wave which 
rotates clockwise looking in the direction of propaga-
tion. Similarly, the two in-phase waves entering at the 
left, when added together vectorially, may be con-
sidered to form a linearly polarized wave at an angle of 
45 degrees to axes A and B. Or, conversely, we might say 
that the two waves a and b are components of a linearly 
polarized wave oriented at 45 degrees between the 
axes. Thus, we may conclude that a A90-degree sec-
tion has the property of converting a linearly polarized 
wave into a circularly polarized wave, provided that the 
input is oriented at 45 degrees to the principal axes A 

and B. 
Of course, there are two orientations for the input 

polarization which will be at 45 degrees to the principal 
axes. For example, if the B axis wave had been phased 
so that in Fig. 2(a) the vector b pointed toward the left, 
the input polarization would have again been at 45 
degrees to the principal axes, but this time it would 
be perpendicular to the original orientation. In this 
case the emerging circularly polarized wave would 
rotate counterclockwise instead of clockwise. Conse-
quently, we may generalize by saying that, if the input 
linear polarization is at an angle of 45 degrees clock-
wise with respect to axis A (the higher speed axis), the 
circular polarization will rotate clockwise. Conversely, 
if the input polarization is 45 degrees counterclockwise 
from axis A, the circular polarization will rotate counter-

clockwise. 

I There may be some confusion as to the meaning of the term 
"circularly polarized wave" when applied to guided waves. The usage 
adopted here refers not to the shape of the lines of electric or magnetic 
force commonly denoted by the subscript numbers associated with 
the wave type, such as TE0,1; but to the way the field pattern, 
changes with time. Thus, in order to be consistent with optical 
terminology, a "linearly polarized wave" is one whose pattern does 
not change direction with progression of time but merely varies in 
amplitude. A "circularly polarized" wave is one whose cross-sectional 
field pattern rotates in the plane of the cross section as time pro-
gresses, and does not change in amplitude. Waves of the circular 
electric (TE.0,.) and circular magnetic type cannot be said to have a 
direction of polarization, and hence the terms "linear polarization" 
and "circular polarization" are meaningless when applied to such 
waves. 

Next, let us consider what happens if a circularly 
polarized wave is sent into a A90-degree section. Figure 
2(b) shows the same section used in Fig. 2(a). Now, 
however, we are sending a clockwise-rotating circularly 
polarized wave in from the left. The first two voltage 
maxima are indicated by the vectors at the left as b 
and a. Again, the a component travels more rapidly 
than the b component and catches up with it. a' and 
b' when added together now form a linearly polarized 
wave at an angle of 45 degrees counterclockwise from 
axis A. Similarly, if a counterclockwise-rotating wave is 
sent into the section from the left, the emerging wave 
will be linearly polarized at an angle of 45 degrees clock-
wise from axis A. 
Finally, let us take note of the following extremely 

important fact. The instantaneous phase of the emerging 
linearly polarized wave is going to depend upon two 
things. First, it will depend upon the time of transmis-
sion through the differential phase-shift section. Second, 
it will depend upon the instantaneous phase of the in-
put wave. But the instantaneous phase of the input 
circularly polarized wave depends upon, and is synony-
mous with, its instantaneous polarization or orientation 
in the input plane. Thus the time phase of the output 
depends upon the spatial orientation of the input. Con-
sequently, if we can devise some means for controlling 
the instantaneous orientation of the input wave', we will 
have the means for adjusting the time phase of the 
output. As we shall see, a A180-degree section will give 

us this control. 

A180-DEGREE SECTION 

Let us now assume that we can build a section of 
circular wave guide which will produce a differential 
phase shift of 180 degrees. Fig. 2(c) shows such a 
section. Linearly polarized waves represented by vector 
E are being introduced from the left, and these are 
polarized at an angle 0 clockwise from axis A. Vector 
E may be resolved into oomponents a and b along axes 
A and B, as shown. Again the A-axis component travels 
at higher speed than the B-axis component, with the re-
sult that upon emerging from the other end of the sec-
tion, b' lags behind a' by 180 degrees or one-half wave-
length. Hence, at the position of a' the B-axis component 
will be pointing in the opposite direction from b', as 
indicated by b". Now, when a' and b" are added to-
gether vectorially, the resultant will be a linearly 
polarized wave represented by E' polarized at an angle 
0 counterclockwise from the A axis. We may conclude, 
then, that the effect of a A180-degree section upon 
linearly polarized waves is to cause a rotation of the 
angle of polarization in the direction of the A axis by 
20, or twice the angle between the A axis and the in-
wit polarization. (The B axis could equally well have 
been chosen as the reference axis, and the .same result 
would have been obtained.) If the input polarization 
remains fixed, rotation of the A180-degree section by 
angle 0 will cause a rotation of the plane of the output 
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polarization by twice 0. One-half turn of the section 
will cause the output vector to swing through a com-
plete circle and return to its original position. 
If, instead of a linearly polarized input, we should 

apply a clockwise-rotating circularly polarized wave, 
we may deduce the results in exactly the same way as 
before. Or we may think of the circularly polarized 
wave as a linearly polarized vector which, however, is 
rotating in the clockwise direction. Since the angle be-
tween this input vector and axis A is constantly in-
creasing in the clockwise direction, we may simply use 
the conclusions of the preceding paragraph to show that 
the angle of the output vector is constantly increasing 
in the counterclockwise direction. It is, therefore, an 
interesting property of the 46,180-degree section that it 
converts clockwise circularly polarized waves into 
counterclockwise circularly polarized waves. The sig-
nificant point is, however, that even for circularly 
polarized waves, if we examine the field patterns exist-
ing at a particular instant in time, the instantaneous 
angle of the output vector will depend upon the in-
stantaneous angle of the input vector with respect to the 
principal axes of the section. Therefore, by rotating the 
section the instantaneous output polarization, can be 
rotated. This is just the property we need to make up a 
complete phase changer. 

ADJUSTABLE PHASE CHANGER 

Fig. 3 shows the essential parts of a complete wave-
guide phase changer. It is usual microwave practice to 
work with linearly polarized waves in rectangular wave-
guide. Consequently, some suitable transition such as a 
taper section should be employed to pass from rectangu-
lar to circular wave guide. The waves are still linearly 
polarized, however, and are denoted by the vector E 
at the left of the drawing. Our first job is to convert 
these linearly polarized waves into circularly polarized 
waves, and accordingly they are passed through a 

Fig. 3—Adjustable phase changer. 

46,90-degree section (I) whose principal axes are oriented 
at 45 degrees to the input polarization, as shown. The 
emerging waves are now circularly polarized and rotate 
in the clockwise direction. Next they pass through a 
46,180-degree section (II) which is mounted in bearings 

so that it is free to rotate. The resulting counter-
clockwise-rotating waves finally encounter a second 
46,90-degree (III) section which performs the task of 
converting them back into linearly polarized waves, 
which may then be handled as required. The output 
polarization may be oriented at any angle required 
merely by setting the final 46,90-degree section at the 
proper angle. If the output polarization is desired in 
the same plane as the input, then the axes of the 
second 46,90-degree section will be parallel with the cor-
responding axes of the first, as shom n in Fig. 3. 
As was pointed out before, the instantaneous time 

phase of the output waves will depend upon the in-
stantaneous orientation of the circularly polarized wave 
at the input of section III. And this instantaneous 
orientation is under our control by means of section II. 
Consequently, rotation of the 180-degree section will 
cause a change in the time phase of the output waves. 
Because one-half revolution of section II produces 
360 degrees rotation of its output vector, it follows that 
one-half revolution of this section produces 360 de-
grees change of time phase. The sense in which the time 
phase is changed may be determined as follows. The in-
put to section III is a vector rotating counterclockwise. 
At the present instant this vector has a particular " 
position. At some future instant the vector will lie in 
a new position counterclockwise from the present posi-
tion. Consequently, if by rotating section II counter-
clockwise we cause the present vector to assume a new 
position which would normally have been represented 
by this future epoch, .we have advanced the phase of 
the wave in time. Conversely, rotating section II clock-
wise would retard the phase of the emerging wave. In 
general, then, rotating the 180-degree section in the same 
direction as the rotation of the wave entering section 
III will cause an advance in phase. All of these conclu-
sions may be verified mathematically, as demonstrated 
in the Appendix to this paper. 
We see, therefore, that the assembly shown in Fig. 3 

constitutes a complete adjustable phase changer. Be-
cause we have assumed that the individual sections of 
which it is composed do not cause any appreciable 
attenuation, substantially 100 per cent of the incident 
power will be transmitted with altered phase. There is 
no limit on the range of phase control, and continuous 
rotation of the 46,180-degree section will cause continu-
ous retardation or advancement of the phase. This 
also means that continuous  rotat ion  of  the 46,180-degree 

section at constant speed will cause a fixed increase or 
decrease in the frequency of the transmitted waves. 
Furthermore, waves passing through the assembly will 
suffer the same phase shift regardless of the direction of 
transmission, and rotation of the 46,180-degree section 
will produce the same change in phase, both in amount 
and in sense, for either direction. Thus, the phase-
changer assembly is the equivalent of an elastic piece 
of transmission line which is capable of being arbitrarily 
stretched or compressed to any desired length. This 
means that if we transmit waves through the phase 
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changer toward a mismatched termination, the reflected 
waves which are seen returning toward the source will 
have passed through the phase changer twice and will 
accordingly suffer twice the phase shift of a single 
traversal. Rotation of the Lt18O-degree section through 
o degrees will cause 40 degrees change in phase of the 
the reflected wave, and consequently the input im-
pedance seen looking into the phase changer in the 
direction of the load will vary as theA180-degree section 
is rotated. 
Such a phase changer has actually been built, and 

performs as predicted. With properly built and adjusted 
components, the linearity of phase change versus rota-
tion of the A180-degree section is .excellent, and is 
limited only by the accuracy with which the com-
ponents are built. One particular application in which 
it has proven particularly useful is in the construction 
of a MUSA: type of antenna for a main-battery fire-
control radar for the Navy. Such an antenna may con-
sist of a broadside array of radiators each of which is 
separately fed as in Fig. 4. If all of the radiators are in 
phase, a very directional lobe is radiated at right angles 
to the line of the array. If, however, the phases of the 
radiators are progressively varied from one end of the 
antenna to the other, the radiated lobe will assume some 
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Fig. 4—Parallel-fed MUSA. 

other angle in accordance with angle of the new com-
posite wave front. By continuously varying the phases 
of the individual elements, the radiated beam can be 
caused to scan a sector of the horizon. An important 
point is that in older MUSA schemes the fact that each 
phase changer entailed a considerable loss of power, 
which had to be made up again with amplification, 
dictated that the individual radiators be fed through 
separate phase changers so that none of the radiated 
or received power had to traverse more than a single 
phase changer. This is indicated schematically in Fig. 4. 
Since it is also true that the change in phase for each 
radiator must be proportional to its distance from the 

H. T. Friis and C. B. Feldman, "A multiple unit steerable an-
tenna for short wave reception" PROC. 1.R.E. vol. 25, pp. 841-917; 
July, 1937. The systems described herein are broadside rather than 
end-fire arrays, and differ in a number of details from those of the 
above paper. 

center of the array, the phase changers feeding the end 
elements of such an array must be rotated at much 
higher speeds than those on either side of center. With 
the wave-guide type of phase changer this is no longer 
necessary. Because their transmission loss is negligible, 
these phase changers may be arrayed in a series rather 
than a parallel arrangement, as shown schematically in 
Fig. 5. Between the phase changers are junctions from 
which appropriate amounts of power are bled off and 
fed to the corresponding radiators. Power delivered to 
the nth radiator away from center will have passed 
through n phase changers, and so will have accumulated 
a total phase shift equal to the sum of the individual 
phase shifts. Consequently, all of the phase changers 
may be ganged together and rotated at the same speed— 
equal to that of the slowest one of Fig. 4—and the 
result will be exactly as desired, with the radiated phase 
displacements being proportional to the distance of the 
element from the center of the array. 

RADIATORS 

PHASE 
CHANGERS 

Fig. 5—Series-fed MUSA. 

As a corollary to the above it follows that, if we want 
to produce a more rapid change in phase for the same 
rotary speed of the A180-degree section, we may do so 
simply by cascading a number of complete phase 
changers and ganging their rotors together. However, for 
a single load where it is unnecessary to tap off power at 
several points as in the MUSA antenna, the cascaded 
structure may be greatly simplified. This is because the 
conversion from linear to circular polarization is being 
unnecessarily duplicated. The rear MO-degree section of 
one changer is converting from circular to linear polar-
ization, while the front section of the following changer 
is converting back to circular polarization again. Con-
sequently, it is possible to drop out all intermediate 
A90-degree sections, leaving us with a final assembly 
comprising one A90-degree section at either end with 
a number of 6,180-degree sections between them. Alter-
nate A180-degree sections must now be rotated in oppo-
site directions in order to obtain the cumulative addi-
tion of phase. 
The frequency band over which one of these phase 

changers will operate satisfactorily is, of course, de-
pendent upon the operating band of the differential 
phase-shift sections. In general they work perfectly 
only at one frequency. Departure from midband fre-
quency will cause some reflection of power and/or fail-
ure of the individual sections to maintain the required 
differential phase shift. For the phase changer as a 
whole, either or both of these effects will result in (1) 
slight loss in linearity of phase shift versus rotor posi-
tion, (2) slight variation in the input impedance as the 
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rotor is turned, and (3) the development of a small 
component of field at right angles to the output polar-
ization. This last error is the most troublesome of the 
three. Since the output is generally delivered to 
rectangular wave guide which cannot possibly transmit 
any cross-polarization, this spurious cross-component 
will be reflected back into the phase changer, and will be 
subsequently re-reflected from the input end for the 
same reason. The net result is that for certain settings 
of the rotor this multiply reflected cross-component 
will resonate and cause very sharp dips in transmitted 
power and also sharp anomalous phase changes. These 
spurious effects may be largely eliminated simply by the 
insertion of a suitable polarized absorber between the 
ends of the phase changer and the transitions to 
rectangular wave guide. These are arranged so that 
they absorb most of the spurious cross-component with-
out affecting waves of the desired output polarization. 
By this means the phase changer can be made reason-
ably uncritical of the exact operating frequency. 

OTHER APPLICATIONS OF DIFFERENTIAL 
PHASE SECTIONS 

It may be of interest to mention briefly several other 
possible applications of differential phase-shift sections. 
For example, in some radio transmission or radar SVS-

terns, where it is not known in advance just what the 
angle of polarization of the distant receiver or reflector 
will be, it may be convenient to radiate a circularly 
polarized wave, because then half of the power would be 
received regardless of the angle. This circularly polar-
ized wave may be more conveniently obtained simply 
by passing linearly polarized waves through a 4190-de-
gree section rather than by splitting the power between 
two separate transmission lines, delaying one com-
ponent 90 degrees with respect to the other, and radiat-
ing them separately by means of two radiators having 
mutually perpendicular polarization. 
Another problem which frequently arises is the wave-

guide rotating joint. A transmitter may deliver micro-
wave power via a wave guide to an antenna which 
must be free to rotate. It is obvious, however, that the 
polarization received on the antenna side of the rotating 
joint will turn as the antenna is rotated, and this must 
be avoided. One solution is to employ a4190-degree sec-
tion on either side of the rotating joint, as shown in Fig. 
6. The one on the transmitter side is oriented so as to 
convert the linearly polarized wave delivered from the 
transmitter into a circularly polarized wave. This circu-
larly polarized wave is then transmitted across the joint 
and is reconverted into a linearly polarized wave at the 
required angle by the upper section. Since the angle of 
this final polarization is determined only by the orienta-
tion of the upper phase-shift section, and this section 
turns with the antenna as a unit, it follows that, rela-
tive to the antenna, the output polarization is inde-
pendent of the orientation of the antenna. It might be 
mentioned in passing that this also is a phase changer, 
since the phase of the wave delivered to the antenna 

will depend upon the orientation of the antenna. For 
this reason the input impedance on the transmitter side 
of the joint will vary as the antenna is rotated unless 
the antenna provides a good match for the transmis-
sion line. 

Fig. 6—Rotary joint using circular polarization. 

The M80-degree section can advantageously be used 
in making a wave-guide power divider. Suppose, for ex-
ample, that we have need for some way of dividing 
power in varying proportions between two separate 
loads. Incident linearly polarized waves may be first 
passed through a41180-degree section and subsequently 
into a 120-degree wave-guide Y-junction. Such a junc-
tion (Fig. 7) having its three arms symmetrically dis-
posed at equal angles of 120 degrees can be designed 
with additional elements so that only vertically polar-
ized waves will be transmitted down branch A and only 

HORIZONTAL 
POLARIZATION 

VERTICAL 

POLARIZATION 

Fig. 7—Power divider. 

horizontally polarized waves down branch B. As the 
41180-degree section is rotated, the waves leaving the 
section can be made to have any desired angle with re-
spect to plane of the junction. They may then be re-
solved into vertically and horizontally polarized com-
ponents which will travel down their respective branches 
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D the two loads. All of the power may be sent into  the diametral extent of the fins. The notches cut in the 
ither load, or it may be divided between them in vary-  ends of the fins are for the purpose of matching the 

ig proportions. The power delivered to the loads will 
ary as sin2 20 or cos2 20 where 0 is the angle between 
ither of the axes of the differential phase-shift section 

nd the plane of the junction. 

CONSTRUCTION OF DIFFERENTIAL PHASE-SHIFT 
SECTIONS 

The differential phase-shift sections may take any one 
if several different forms which will be mentioned here. 
n general, all forms may be divided into two types; 
tamely, the distributed-parameter type, and the lu mped-

gement type. 

9istributed-Parameter Sections 

It has probably already occurred to the reader that 
)ne way of making a differential phase-shift section is 
;imply to use a section of rectangular or elliptical wave 
Iuide. Since the cutoff wavelength will be different for 
waves polarized parallel to the major and minor axes, 
:heir phase velocities will also be different. However, 
tuch a section will not fit properly against an adjacent 

3ection of circular wave guide. 
One very simple way' of solving this problem consists 

of taking a section of circular wave guide and deforming 
it by judiciously squeezing it in a vise at the middle of 
the span. In this way, it may be made elliptical in cross 
section at the middle, and yet be circular at the ends 
where it must fit other circular sections. When properly 
done, the transition between the circular ends and the 
elliptical center is gradual enough that it constitutes a 
taper transformer which will give a good impedance 
match between the different cross sections. The number 
of degrees of differential phase shift will be determined 
by the amount of flattening produced and the length of 
I guide which has been flattened. To obtain the desired 
, results is a fairly simple procedure experimentally. 
I However, it has the important drawback that it is hard 
1 to specify the distortion in such a way that it can be 
t easily reproduced on a manufacturing basis. 
Another method,' which overcomes the above objec-

i tion, is to equip an undistorted section of circular wave 
. guide with two diametrally opposed metal fins attached 
to the walls of the wave guide and extending along the 
guide axially. This is shown in Fig. 8. Since these fins 
are fairly thin, they have little effect on waves whose 
electric field is perpendicular to them. But for waves 
polarized parallel to the fins, they load the guide with 
shunt capacitance, thereby not only reducing the char-
acteristic impedance of the section but also decreasing 
the phase velocity of the waves. In this sense the fins 
produce very much the same effect as continuously load-
ing the wave guide with a high-dielectric-constant mate-
s rial. Obviously, the phase differential will again depend 
upon the length of the loaded section and upon the 
, amount of loading, which is determined primarily by 
I  4 This method was developed by W. A. Tyrrell, Radio Research 
Department, Bell Telephone Laboratories. 
'This method also was invented by W. A. Tyrrell. 

Fig. 8—Fin-type phase-shift section. 

loaded-line impedance to the unloaded-line impedance. 
The section of wave guide containing the step consti-
tutes a loaded section which has -effectively the geo-
metric mean impedance between the impedances of the 
fully loaded and the unloaded guides, and is effectively 
one-quarter of a guide wavelength long. Since the fins 
are very simply specified mechanically, it is conse-
quently easy to reproduce such sections. They probably 
will not stand quite as high power as the other sections 
because of the rather intense concentration of field 
around the edges of the fins. However, they are much 
better in this regard than might at first appear, and 
tests on suitably designed models at a 3.2-centimeter 
wavelength indicate a power-handling capability in ex-
cess of one hundred kilowatts. In order to obtain such 
performance it is necessary to round the opposing edges 
of the fins and make the fins of sufficient thickness so 
that the radius of curvature of the edges is quite ap-

preciable. 
Still another way of producing differential phase shift 

is to insert a plate of dielectric material in a section of 
circular wave guide so that it extends across the wave 
guide diametrally, as shown in Fig. 9. Waves polarized 
perpendicular to the plate will be slowed up to some 
extent, but waves polarized parallel to the plate will be 
slowed up even more. And it is the difference between 
these two velocities which gives us the differential phase 
shift which we desire. In general, the use of high-dielec-

A 

Fig. 9—Dielectric-plate phase-shift section. 

tric-constant materials is to be preferred, as this will per-
mit the plate to be made thin enough so that it will af-
fect the waves of transverse polarization very little. 
This is important, since if they are affected to a slight-
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enough extent there is no problem of impedance match 
into and out of the section for this particular polariza-
tion. For waves polarized parallel with the plate there 
will be an appreciable impedance transition going into 
the section, and this is taken care of by cutting a quar-
ter-wave notch in either end of the plate, as shown, so 
that the notches constitute quarter-wave impedance-
matching transformers. 

Lumped-Element Sections 

The differential phase-shift section which has re-
ceived the -greatest application to date is a polarized 
filter consisting of a uniform section of circular wave 
guide across which are placed diametral conducting rods 
at appropriate intervals. For a MO-degree section this 
takes the form shown in Fig. 10(a), the equivalent cir-
cuit of which is shown in Fig. 10(b). As indicated, for 
waves whose electric field is parallel with the rods, the 
rods behave like inductances shunted across an equiva-
lent transmission line. The susceptance of the rods is 

(Br -2) E2 LOAD 

(b) 
Fig. 10—Rod-type ,190-degree section. (a) Cut-away view. 

(b) Equivalent circuit. 

roughly proportional to their diameter, and may, there-
fore, be adjusted to any desired value by choosing the 
correct diameter. For the A90-degree section, both rods 
should have an inductive susceptance of twice the char-
acteristic admittance of the wave guide and should be 
separated by three-eighths of a guide wavelength. Under 
these conditions an entering wave polarized parallel to 
the rods will emerge with a phase which leads by 90 
degrees the phase which it would have had were the 
rods not present. On the other hand, providing that the 
diameter of the rods is small compared to the diameter 
of the wave guide, as is actually the case in practice, 
waves polarized perpendicular to the rods will pass 
through the section without ever knowing that the rods 
are there. Consequently, waves polarized parallel with 
the rods will receive a differential phase advance of 90 
degrees with respect to waves polarized at right angles 
to the rods, and the A axis will be parallel with the rods. 

Because such a section is a type of band-pass filter 1 
complete transmission of power will take place at only 
one frequency. As the operating frequency departs from 
the nominal midband frequency, the transmission will 
begin to fall off and the phase differential will depart 
from 90 degrees in a manner very similar to the be-
havior of a parallel-resonant circuit. However, the ef-
fective Q of this circuit is quite low, being, in fact, 

3 w 
Q = -4- rc y)7:  ( 1 ) 

where X. is the guide wavelength, and X. is the air wave-
length at midband. Consequently, this section is reason-
ably broadband in its performance. If the length of the 
section is not an important requirement, the frequency 
performance may be still further broadened by extend-
ing the section and using three or more rods. 
When we come to build a A180-degree section, it is 

evident that this may be done by taking two A90-degree 
sections of the type just described and connecting them 
in tandem with all of the rods parallel. Since each sec-
tion individually transmits all of the power for either 
polarization, the two in series must do likewise; and the 
phase differential must be twice as great as for a single 
section. Some simplification and greater compactness 
are obtainable by pushing the two sections together 
until the adjacent rods occupy the same position. These 
may then be replaced by a single rod whose susceptance 
is just twice that of the original rods, and we are left 
with a three-rod section in which the two end rods have 
a susceptance of —2 and the middle rod has a suscept-
ance of —4, all of them being separated by 1X9 spacing 
(Fig. 11). 

Decent 

Fig. 11—Rod-type A i80-degree section. 

In the construction of such lumped-element sections 
we are not restricted to the use of only inductive ele-
ments. There is no theoretical reason why capacitive 
elements might not be used instead. In fact, there might 
appear to be considerable advantage in the use of such 
elements, inasmuch as a shorter section should then be 
possible. Thus, if capacitive elements are used in the 
form of thick diametral conducting rods cut away at the 
center so as to leave two opposed cylindrical plugs at-
tached to opposite walls of the wave guide, these may 
be adjusted both as to diameter and length of gap to 
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give a capacitive susceptance equal to twice the char-
acteristic admittance of the wave guide, and should then 
theoretically be placed PG apart in the wave guide, as 
contrasted with IA, for the inductive elements. Waves 
polarized parallel with the capacitive elements should 
now receive a differential phase delay of 90 degrees with 
respect to waves polarized perpendicular to the ele-
ments. Actually, however, experience has shown that, 
when such elements are placed as close together as IX„ 
there is so much mutual coupling between the elements 
that they do not behave at all as expected, and conse-
quently it is necessary to space the capacitive elements 
at least IX, apart in order to obtain the expected opera-
tion. 
In concluding our remarks about the several types of 

differential phase-shift sections, it may be of interest 
to make some general comparisons. The lumped-element 
sections are capable of being made physically shorter 
than any of the distributed-parameter type, and are 
therefore to be preferred when compactness is a require-
ment. On the other hand, their frequency characteristics 
are appreciably narrower than are those of the dis-
tributed-parameter sections. This disadvantage is not 
necessarily an inherent one. As mentioned earlier, the 
operating band of the lumped-element sections may be 
broadened as much as desired by making the sections 
longer and increasing the number of reactive elements 
used. In fact, it seems likely that, for the same length of 
section, the lumped-element type is capable of better 
performance. However, if extended sections are used it 
is probably easier to build the distributed type than the 
- lumped-element type, which calls for a plurality of accu-
rately dimensioned and spaced elements. 

CONCLUSIONS 

The construction of several types of wave-guide dif-
ferential phase-shift sections has been described and 
their properties analyzed. A90-degree sections are capa-
ble of converting linearly polarized dominant waves into 
circularly polarized dominant waves, and vice versa. 
A180-degree sections are capable of converting linearly 
polarized waves into rotated linearly polarized waves, 
and of converting clockwise-rotating circularly polarized 
waves into counterclockwise-rotating circularly polarized 
waves. Such sections may be combined to perform a 
number of useful functions. Among these, one of par-
ticular interest is that of producing a continuously ad-
justable phase change by means of pure rotation of one 
of the sections. A phase changer of this type has the 
rather unique property that it is capable of transmitting 
substantially 100 per cent of the incident power at high 
power levels, and this allows it to be used in a number of 
applications where high-impedance phase changers can-
not be used. 

APPENDIX 

The following analysis will demonstrate the change in 
phase produced by rotation of the A180-degree section 

in the phase-changer assembly. Fig. 12 shows the assem-
bly, with the several sets of principal axes appropriately 

Fig. 12—Generalized phase changer. 

labeled and the input wave e sin cot polarized at 45 
degrees to the principal axes of the first section. Resolv-
ing this into components, we obtain 

1 
eAl = — e sin cot; 

1 
en' = — e sin cot.  (2) 

After passing through the first section, the output com-
ponents will be 

1  7 

= -  e sm cot — 01 + —2 ;  (3) 

1 
=  e sin (cot — (3)  (4) 

where fl i is the absolute phase delay through the section 
for B-polarized waves, and A-polarized waves have re-
ceived a relative advance of ir/2 over B-polarized 
waves. Thus, 

eAl = —„• cos (wt — 131) 
'VZ 

(5) 

ern' = — • sin (cot — ).  (6) 

This represents a clockwise-rotating circularly polarized 
wave which we must now resolve into components 
along the A2 and B2 axes. 

eA2 

en2 

= eitii cos 0 — eel' sin 0 = —• cos (cot — i + 0)(7) 

= eAt ' sin 0 4- e1' cos 0 = — • sin (cot — 01+0). (8) 

It may be noted that the space angle 0 has now entered 
as part of the phase angle. 
After passing through the ti180-degree section, the 

emerging components will be 
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—e 
e42 ' =  cos (cut — #1 — #2 -I- 0 + rr) 

— —  cos (oa — pi - 132 +  (9) 

e 3 •  (col — 01 — fi2 0).  (10) 
*V2 

This is still a circularly polarized wave, but owing to 
the reversal in sign of the A component, it now rotates 
counterclockwise. Again the wave will be resolved into 
components along the As and Bs axes: 

CAS = e2' cos (0 + (6)  ees' sin (0 + 

= — —  cos (wt —  — #2 + 20 + 0)  (11) 

eBa ==  eA2' sin (0 + cp)  cm/ cos (0 + c/r) 

=  N-7-2 sin (cot — 01 —  + 20 + ck).  (12) 

And finally, after passing through the third section the 
components are: 

— e 
edit(' =  cos( col —  — 132  -I- 20 -I- di + —2) 

e43 ' = —  • sin (wt — 13i — 02 — 03 ±  20 + cb)  (13) 
• 

ea3' = —  • sin (cut — 131 — 132 —  133  20 + 0.  (14) 

These add up to make a single wave of the same mag-
nitude as the original and oriented at 45 degrees to the 
A 3 and B3 axes, as shown. The total phase shift under-
gone by the wave in passing through the whole assembly 
is the sum of the individual B-axis delays plus the space 
angles 20+0. Thus, by adjusting either or both of these 
space angles the phase of the output wave may be 
arbitrarily altered. It is clear that a rotation of section 
II through 0 degrees produces 20 change in electrical 
phase angle. 

Plane Discontinuities in Coaxial Lines* 
JOHN W. MILESt 

Summary—The present paper establishes the equivalent circuit 
of a plane discontinuity in a coaxial line as a simple shunt capacitance. 
This capacitance is calculated for concentric changes of cross-section 
and concentric disks. In order to utilize the results of the analogous 
discontinuities in parallel-plate guides, "equivalent radii" are asymp-
totically calculated; and the results are sufficiently accurate for most 
practical applications. 

INTRODUCTION 

HE PAPER by Whinnery, Jamieson, and Rob-
bins' has treated the most important cases of co-
axial-line discontinuities and gives results which 

are sufficiently accurate for the majority of engineering 
applications. The following is intended to supplement 
their work by: (a) obtaining approximate results which, 
the author believes, are more accurate near the cutoff 
frequency of the TMoi mode (although the differences 
are primarily of academic interest); (b) illustrating a 
somewhat different approach to the solution of the 
boundary-value problem; (c) solving separately the 
problem of a disk or window; and (d) obtaining "equiv-
alent radii" for use with the plane-parallel-plate results 
from asymptotic comparisons of the two sets of results. 
Relative to item (a), footnote reference 1 atilizes a 

frequency factor F which is obtained by a systematic 
solution of a finite number of the simultaneous equations 

• Decimal classification: R117.2. Original manuscript received by 
the Institute, November 25, 1946; revised manuscript received, 
April 7, 1947. 
t University of California, Los Angeles, Calif. 
1 J. R. Whinnery, H. W. Jamieson, and T. E. Robbins, "Coaxial-

line discontinuities," PROC. I.R.E., vol. 32, pp. 695-709; November, 
1944. 

for the amplitudes of the field modes excited by the dis 
continuity. This factor becomes infinite at the cutoff 
frequency of the T/Ifoi mode, while the following treat-
ment offers a factor which is finite at this point. While 
the author believes that the latter factor is more accu-
rate (at least near the cutoff point in question) than that 
of reference 1, neither the analyses of footnote refer-
ences 1 nor 2 have been shown to be mathematically 
rigorous. While a rigorous investigation of this point 
would be quite involved, it would be of considerable 
interest. 
Relative to item (b), the following analysis and re-

sults follow from the fundamental theory presented in 
footnote reference (2). Equations from that paper2 will 
be denoted by [ 1, in contrast to equations of the 
present paper which will be denoted by ( ). The nota-
tion is that of reference 2. 

THE CHARACTERISTIC IMPEDANCES 

From [39] to [115], it is seen that [35, 36] are valid 
for plane discontinuities in coaxial lines where only the 
principal mode is allowed to propagate, a condition uni-
versally met in practice. The "transformer ratio" N is 
then given by 

N = [log (ailbs)/log (a2/b2)1112  (1) 

where a1.2 and b1,2 are the outer and inner radii for 
lines 1 and 2, respectively, and where the characteristic 

2 John W. Miles, "The equivalent circuit for  a plane  discont inu ity  
in a cylindrical wave  guide," PROC. I.R.E., vol. 34, pp. 728-742; Oc-
tober, 1946. 
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impedance in each of the lines is, according to (8), 
Z01.2 = ni.2. The equivalent circuit is then given by Fig. 3 
of footnote reference 2, and is a simple shunt element 
plus a transformer. 
In order to eliminate the transformer from the equiv-

alent circuit, it is expedient to redefine the character-
istic impedances as 

zo = n log (a/b).  (2) 

Inasmuch as coaxial lines frequently utilize a dielec-
tric other than air, it must be observed that 771.2 are not 
necessarily identical; however, it may be shown that the 
correct specifications of n and  (i.e., X) in all equations 
are the only changes necessary to make the analysis of 
reference (2) valid for non-air dielectrics. In most cases 
it will suffice to use the approximations in section G' 
for changes of dielectric. 
When the characteristic impedances of the principal 

modes are taken as in (2), the equivalent circuit of a 
plane discontinuity is rigorously established as a shunt 
element, and the definition (2) will be implicit in the fol-
lowing analysis. 

THE EIGENFUNCTIONS 

The eigenfunctions for the present problem are given 
by [107-1151. For the problem to be treated, circular 
symmetry exists; hence, m =0, and only TMon modes 
need be considered for the case where only the principal 
mode is freely propagated. Accordingly, the superscript 
TM and the subscript m may be dropped, and the 
eigenfunctions become: 

(To(r) =  [log (a/b)]-1/2r-1 

= f1 Mn[Ji(Anr)No(i2nb) — N1040.40401 

M n = —    
rriAn  {[ joGinb)12 1}  -1/2 

21/2  jo(1ina)] 

while the eigenvalues  are given by 

Jo(Ma)No(Pb) = JoGinblN °(/.ina) 

Lo = 0. 

In writing (5), the Wronskian [116] has been used to 
eliminate the Bessel functions No. Since the eigenfunc-
tions (3, 4) are all radial, the vector notation may be 
dropped. 

(3) 

(4) 

(5) 

(6) 

THE ASYMPTOTIC EXPANSIONS 

In obtaining approximate solutions to the problems 
to be treated, it is expedient to introduce the asymp-
totic expansion of the eigenfunctions. The leading 
terms in the asymptotic expansions of Bessel's functions 

are* 
(2 )" 

..1„(x) -   cos 
r X 

2 )'" 
N ,(x) = (T—  sin 

X 

[  12p+1\ Ix —(  ri 
4 

[x (2p +1\ d . 
4 J . 

(7) 

(8) 

3 E. Jahnke and F. Emde, "Tables of Functions," Dover Press, 
New York, N. Y., 1943. 

Substituting (7, 8) in (4, 5) yields 

0„(r) = (a - b)-mr-'/' cos [p„(r - b)], n  1, (9) 

while substitution of (7, 8) in (6) yields the asymptotic 
eigenvalues 

us, = nw(a - b)-'.  (10) 

It is important to observe that (9, 10) form a com-
plete orthonormal set over the range r =b to r =a if (9) 
is allowed for n =0, but 4)0 given by (9) is different than 
the true 00 given by (3), and the asymptotic eigenfunc-
tions given by (9) are not orthogonal to (3). 
In order to illustrate the order of approximation in-

volved in using (10) in place of (6), the values given by 
(6) are compared with those given for (10) by Jahnke 
and Emde' (Table I). 

TABLE I 

p.b from (6)  14„6 from (10) 

(a/b)  1.2  2 

15.70  3.12  1.55 
2  31.41  6.27 
3  47.12  9.42 

3  1.2  2  3 

15.71 
31.42 
47.12 

3.14 
6.28 
9.42 

1.57 

The agreement is clearly excellent for small values of 
(a/b) and is still within 11 per cent for a/b =3, the larg-
est value normally encountered in practice. As indi-
cated, the agreement becomes increasingly better for 
large n. 

CHANGES IN CROSS SECTION 

Since the present paper is relatively more of aca-
demic than practical interest, and since the results of 
footnote reference (1) are sufficient for most engineering 
applications, only the changes of cross section involving 
either a change of the inner- or outer-conductor diam-
eter (but not both) will be solved for useful results. 
These two problems can be treated together by setting 
up the problem where the inner-conductor diameter in-

// 
Fig. 1—Coaxial line discontinuity. 

creases and the outer diameter decreases at the dis-
continuity, as shown in Fig. 1. From the results ob-
tained for the changes only of outer or inner diameter, a 
reasonable approximation to the general case of Fig. 1 
will be inferred, since this case is not treated in refer-
ence (1). Many other changes of cross section of prac-
tical interest are shown in reference (1), and approxi-
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mations yielding their equivalent circuits from the 
simpler cases are presented in the literature." 

THE VARIATIONAL SOLUTION 

From [38, 34, 20, 9] the shunt susceptance B for the 
discontinuity of Fig. 1 is given by 

=  E 
Y 0 n•-1 

[f 0„P(r)E(r)rdr Q   

r np = Jp = 0 -p \ 1 7 Ain p \2 _ 1 1 112 . 

1701 OP ) 

—.1gn9  is the field susceptance of the nth mode in line 
p(p —1 or 2) expressed relative to 1101, and )39 is the phase 
constant (27r/XP) in line p(X, differs from X2 if the dielec-
trics in lines 1 and 2 differ); for the cases to be treated, 
where only the principal modes propagate in the two 
lines, LP is positive real for n greater than zero. In set-
ting up (11) the integrations with respect to the angular 
co-ordinate have been carried out (since all fields are 
functions of r alone), and the range of integration a is 
over the aperture, in the case of Fig. 1 from r =b2 to 
r 
It is appropriate to emphasize again that the fact that 

Zo was defined differently in (1) than in [9] does not af-
fect the validity of (11), since all impedances are calcu-
lated relative to 1101. 
It has already been pointed out that the asymptotic 

eigenfunctions are not orthogonal to the principal wave, 
and in solving (11) the exact eigenfunctions will be used 
for purposes of integration. As to the form of the solu-
tion, it is expedient to take advantage of the fact that 
the form of the principal wave is independent of the di-
mensions of the guide (i.e., for the coaxial line it varies 
as r-', independent of a and b). Hence, if the field is ex-
panded in the form 

(11) 

E(r) = A00 1(r)  E A.0.(r) 

(12) 

= (1)2 f f  001(r)G(r, r')00'(e)rr'drdr'  (14) 

C. = jof  cho'(r)G(r, r')tp.(ri)rr'drdr'  (15) 

D„, = f f 4/,(r)G(r, r')Iks'(e)rr'drdr'  (16) 

co  2 

G(r, r') =  

the substitution of (13) in (11) yields 

Vol 

(17) 

= T3° + 2E C,A + E E D„,A,A,,.  (18) 
. .• 

Minimizing (18) with respect to each of the expansion 
coefficients A, yields the determining equations 

= —C,,  (19) 

and substituting (19) in (18) yields 

—  =  + E CA,. 
Vol 

To complete the solution, the definition of A0 yields 

1/A 0 = f [ckol(r)Prdr. 

(20) 

(21) 

By virtue of the variational principle, B°, the first ap-
proximation to (B/ Ye), is larger than the true value of 
(B/ Y02), and as more terms C  (each of which is im-
plicitly negative) are successively included in (20), the 
value of B obtained approaches the true value uni-
formly but is always larger. 
For the change of cross section in a coaxial line shown 

in Fig. 1, the functions ',(r) may be chosen2 as cf,„2(r), so 
that D,. vanishes for p = 2, unless s =s' = n. The sub-
stitution of cb„(r) and 4 2(r) in (19-21) and integration 
from r = b2 to r = a2 yields 

(13)  B° = (A0) 2 E T3.1(/.)2 

where 4/.(r) are a set of eigenfunctions for a guide having 
the same cross section as the aperture a, the V/. will be 
orthogonal to 001, and the constant A0 may be selected 
to make the integral in the denominator of (11) unity. It 
should be observed that this argument, and therefore 
the following solution, holds wherever [39] is valid. 
In solving (11) through the substitution of (13), the 

coefficients A are found by appealing to Schwinger's 
variational principle2; for, since only one set of modes 
(TM) is excited by the discontinuity under considera-
tion, (11) is an absolute minimum with respect to varia-
tions of E(r) about its true form. Thus, if the terms B°, 
Cs, and D„ are defined as 

'J. R. Whinnery and H. W. Jamieson, "Equivalent circuits for 
discontinuities in transmission lines," PROC. I.R.E., vol. 32, pp. 98-
115; February, 1944. 

= A° E Pniinorni, 

=  + (54,8-13,2 

A0 = (log m —b1 log -2b 

/no = (log   )[Jo(11.1b2)No(mn1bi) a, 
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(24) 
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• {[- o(lnlb 2) N o(un'b 2) — J o(pnib N o(,inib 2)] 
1-10(/12b2) ] 2 

[JO(inia2) NO(Anibl) LTO(L82a2) 
— Jo(tinibi)NoGin102)] (27) 

where the integrals have been evaluated from the stand-
ard forms.' 
At this point it is convenient to make use of the 

asymptotic results (7, 8) which yield, after some alge-
braic manipulation, 

00 

B° = 2TK E [n2 — K21-112  

/b,\1'2 
sin mr(e‘  •y) — 

)1/2 
r sin n 02 -y 

nra 
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b2)112  
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[(—)s sin nr(a  -y) — sin nr7] 

(na)2 — 52 
8 k 2r IC 

D u , =  E [n2 _ ,2[_1/2(nc) 2 
7,2 1 
E(—)• sin nr(a  7) — sin nr-y] 

(na)2 _ 52 

)1 sin nr(a  -y) — sin mr-y1 

(na)2 — s'2 

a = 

i• 2 ) 

(  02 — b2 ,  7 = (  — a2 
al — al — 

02(a2 — 
K 

7r 

-2 

F = a2(ai — bi)(  ai   log —) (log —02) , 
b2  b1  b2 

( al — bi v ii4 

\  a2  / 

Now, if al, b1, 0,2, and b2 are allowed to approach in-
finity, the differences (a1—bi) and (a2—b2) being kept 
constant, it is evident that (28) through (32) go directly 
over to the solution for the parallel-plate problem hav-
ing the cross section seen between the inner and outer 
conductors of the coaxial line (I' approaches unity un-
der these conditions, and the constants C,A, are inde-
pendent of K). Moreover, independent of the values of 
al, b1, a2, and b2, (28) through (32) differ from the paral-
lel-plate solution only in the factor r and in the factor 

k = 2-1 /2 

sin nr7] 

(b2/a2)1/2, which occurs in the numerator of B° and C.. 
The factor (b2/a2)'/2 is unfortunate, but for the case of 

a step only in the inner conductor (ai =0,2, 7=0) so that 
if B. is the susceptance relative to the characteristic 
admittance Y01, and B„ is the equivalent susceptance 
for a parallel-plate guide relative to its own characteris-
tic admittance, the result may be expressed 

B,=(al—b2)(  (33)al—b2)(  a1)(  0)-2_   log —  log —  B p p. 

al—  b2  bi  b2 

For the case of a step only in the outer conductor 
(b1— b2, -y =1—a), it is found that 

73_,=  /a2—b,\ (22— bi)/  al  )(log — )(log —) pp. 
— ) (1  a2 ) -2 13 

02  b1  b1/ 
(34) 

(28)  As already noted, the general case (a2 ai, b2 b1) of 
Fig. 1 does not yield a susceptance which is directly 
proportional to that of the analogous parallel-plate 
problem; although this general case is not of as great 
practical importance as are the two special cases cov-
ered by (33) and (34), an interpolation between the last 
two results yields 

(29) 
= 

1 + (  — 02 \ 
— b2 I 

/ a1— 02 y b2\ 
b2 )\  1 -

  B p p, (35) 

which should furnish a reasonably accurate approxima-
tion. 
The factors introduced in (33) and (34) could be con-

verted to "equivalent radii" of the coaxial lines. Whin-
nery and Jamieson, for instance, have specified equiva-
lent radii for coaxial lines in order to use their parallel-

(30)  plate results,' and if their results are expressed relative 
to the characteristic impedances of the two problems, 
they will approximate those of (33) and (35), although 
the present analysis gives results which are considerably 
more accurate. 
More complex discontinuities can be approximately 

treated by the use of the above results.' (31) 

(32) 

PARALLEL-PLATE RESULTS 
The plane-parallel-plate results for a change of cross 

section valid up to the cutoff point of the TMoi mode 
is given by [95] as 

1 ( 1  )(1 + a \1/2(a-1-1/ 1 

W p p  =  2K log [_ a    4 a  1 — a)  (36) 

Aicos,(7ra ) 
2   

1 + 2A1 sin2( 72° 

A, = (1 _ K2)-112 _ 1, 

+  4K L (37) 

(37) 

which is valid for a step in either the inner or the outer 
conductor. 
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For the case of a window, [87] gives 

-B PP 4K log [csc ( —Irct  
2 

C0s4 (--Tra  
2 

+ 84   
ra 

1 -I-  sin2( --) 
2 

F = I + 

2A, cos' ( — ra  
2 

ra 
[1  2A1 sin2 ( Aga) 

2 

, (39 ) 

where L(a) is the logarithm in (37) for a change of 
(38)  cross section or the logarithm in (38) for a disk. At 

X = i(ai bi) ( = b/2 in footnote reference 1), (39) simpli-
fies to 

It should be noted that neither (36) nor (38) becomes 
infinite at the cutoff frequency of the T.Afoi mode, and 
the resonance predicted by the use of the frequency fac-
tor' does not actually occur. (It is easily shown that this 
result is independent of the use of the asymptotic ap-
proximations.) 

ACCURACY OF ASYMPTOTIC EXPANSIONS 

Inasmuch as the variational principle demands that 
the first variation of B vanish with respect to first-order 
variations of the trial field about the true form of the 
field, and variation of the eigenfunctions is tantamount 
to variation of the trial field, it may be inferred that the 
accuracy of the results obtained in using the asymptotic 
expansions is limited by the accuracy of the eigenvalues; 
in most practical cases this amounts to an error of less 
than 1 per cent, depending only on the coaxial ratio 
(b/a). It was demonstrated2 that the error in (38) up to 
the cutoff frequency of the next mode was a small frac-
tion of 1 per cent, and it was heuristically argued that 
a similar, although somewhat greater, error could be ex-
pected from the use of (36). The author, therefore, be-
lieves that the results given by (33) (34), (36), and (39) 
will be more accurate than those in the literature' near 
the cutoff frequency of the TMoi mode, although this 
conclusion is evidently open to question. 
The error introduced by the use of the asymptotic 

eigenvalues may be decreased by adding to the results 
(33) and (35) a perturbation calculated by substituting 
for .T3nP in (11) the differences between LP calculated 
for the exact and asymptotic eigenvalues, respectively, 
and using E(r) =r 1, but the improvement to be ex-
pected (about 1 per cent) scarcely justifies the addi-
tional computation. 

NUMERICAL CALCULATIONS 

Comparison of the results of (33) and (34) with Figs. 
8 and 9, respectively, of footnote reference 1 shows dif-
ferences of at most 2i per cent, so that no advantage re-
sults from plotting them separately.' However, there is 
considerable difference between the results when dimen-
sions are comparable to the wavelength. From (36), the 
frequency factor to be used for the susceptance is 

'Results (in the form of formulas and curves) calculated by 
Julian Schwinger are given for changes of diameter of both inner 
and outer conductors and for disks on both conductors in the "Wave 
Guide Handbook," M .I.T. Radiation Laboratory Report 41-1/23/45 
(available through Dept. of Commerce, Washington, D. C., and soon 
through McGraw-Hill Book Co., New York, N. Y.) These results 
are apparently about the same as calculated above. 

[  cos' ( —Ira  
2 

= 1 

sin2 ( —Ira  )L(a) 
2 

(40) 

F is plotted in Fig. 2 for a change of cross section for 
a=1,} and compared with the results of footnote refer-
ence 1, Fig. 13. 
In Fig. 3, Frn, versus a is plotted for the change of 

cross section. It is evident that there is considerable 
difference between the two methods of frequency cor-
rection, and since the present results give the exact cor-
rection for the next higher mode,2 while that of Whin-
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0.25, i I 0 oc.  (39) 
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Fig. 2—Frequency-correction factor from equation (39). 
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Fig. 3—Maximum frequency-correction factor 
from equation (40). 

nery1 contains the approximate treatment of several 
higher modes, the author believes that the correction 
of (39) is more accurate, at least near cutoff where the 
first-mode correction predominates. As stated earlier, 
this conclusion is still open to question. 
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The Inverse Nyquist Plane in Servomechanism Theory* 
GEORGE B. CRISSt, ASSOCIATE, I.R.E. 

Summary—The application of an inverse Nyquist diagram to the 
ctudy of servomechanism performance is discussed. The use of the 
nverse plane has some advantages over the customary procedure. 
:t is shown that system stability may be studied in a manner anal-
>gous to the conventional Nyquist method. The system frequency 
•esponse and the effect of system parameters upon performance may 
determined by simple graphical methods. 

„JrHE RESULTS which will be obtained in this 
paper are equally applicable to servomechanism 
theory and feedback-amplifier theory. For the sake 

of clarity, the conventional terminology of servo-
mechanisms will be employed throughout, with the 
understanding that the proper interpretation of the 
symbols will give the corresponding result for feedback 
amplifiers. 

6•1:  E • 0:- Gt. 
K,G(s) 

e. 

Fig. 1—Block diagram of single-loop servo-
mechanism. 

The familiar feedback loop of a single-loop servo-
mechanism is shown in Fig. 1. As is well known,' the re-
sponse of such a system is given by 

00(s)  leiG(s) 

0i(s)  1 + kiG(s) 

where the loop gain G, and the input and output angles 
, Or and 00, are functions of the complex frequency, 
s =a+jw, and the gain factor lei is invariant with s. It 
is customary to obtain information about the stability 
of the system and the response in terms of the frequency 
, spectrum by examining leiG(jw). A method which has 
some advantages under many conditions is described 

below. 
Let 

Then 

00(s)   1 

0,(s)  1  kL(s) 

(1) 

(2) 

• Decimal classification: 621.375.104 XR363.23. Original maim-
script received by the Institute, November 27, 1946. 

f Frankford Arsenal, Philadelphia, Pa. 
I L. A. MacColl, "Fundamental Theory of Servomechanisms," 

D. Van Nostrand Co., Inc., New York, N. 'Y., 1945; pp. 10-57. 

which is simpler in form than (1). We shall call kL the 
loss function, and k the loss coefficient. 
We wish, first, to obtain information about the stabil-

ity of the system by examination of kL; second, to 
obtain the system frequency response by as simple a 
method as possible; and third, to obtain a means of 
determining the system parameters for proper opera-

tion. 
It is a well-known theorem in the theory of functions 

of a complex variable' that, if f(z) is a function of a 
complex variable z, and if certain prescribed conditions 
are fulfilled, then, as z traces a given contour C1 in the 
z plane in the counterclockwise diiection, the function 
f(z) will traverse a contour C2 in the f(z) plane, such that 
the net number of times C2 encircles the origin of thef(z) 
plane in a counterclockwise direction will be equal to 
the number of zeroes of f(z) within CI, minus the num-
ber of poles of f(z) within CI. 
Following this scheme, let s trace the contour shown 

in Fig. 2, where we deliberately by-pass any poles of 
(1-FkL) lying on the real frequency axis, and the semi-
circle is to be taken at infinite radius in the limit.. It is 
evident that the existence of any zeroes of (1 A-kL) 
within the right half-plane thus encircled will be an 

Fig. 2—Contour in s plane equivalent 
to kL contour. 

indication of system instability. The resulting contour 
traversed by (1-1-kL) in the (1 -FkL) plane will then 
encircle the origin a number of times equal to the ex-
cess of zeros over poles of (1 -FkL) lying within the 
right half-plane of s. We may instead consider the kL 
plane: then the corresponding contour traced by kL 
in the kL plane will encircle the point (-1+j0) a num-
ber of times equal to the excess of zeros over poles of 
(1-FkL) in the right half-plane of s. 
There are two cases to be considered: first, if (1 A-kL) 

has no poles in the indicated area, the kL contour will 

2 R. Rothe, F. 011enclorff, and K. Pohlhausen, "Theory of Func-
tions," Technology Press, M.I.T., Cambridge, Mass., 1942; p. 51. 
I H. W. Bode, "Network Analysis and Feedback Amplifier De-

sign," D. Van Nostrand Co., Inc., New York, N. Y., 1945; pp. 103-
169. 
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encircle the critical point ( —I -HO) in the counter-
clockwise sense a number of times equal to the number 
of roots of (1-FkL) with positive real parts, the existence 
of which is an indication of system instability. Our re-
sult in this case is formally similar to the conventional 
Nyquist criterion. 
In the second case, consider the existence of poles of 

(1-1-kL) in the indicated area. Poles of (1 -FkL) will 
occur only at zeros of 10, so that the number of 
poles of (1-FkL) is equal to the number of times leiG en-
circles the origin of the conventional Nyquist plane. We 
have our choice of two possible courses in this case. We 
may take account of the poles of (1-FkL) as indicated, 
or we may eliminate the poles of (1 d-kL) by not permit-
ting the contour of s or kiG to encircle these poles by the 
customary expedient of cutting the contour and en-
circling the poles by vanishingly small circles. 
In Fig. 3 there is shown a typical kL contour, only 

the portion corresponding to positive real frequencies 
being shown. Examination of (1) reveals that at any fre-
quency co, 00/0i is represented in magnitude by the re-
ciprocal of the length of the vector from ( —1 +j0) to 
the point on the contour corresponding to co, and in an-
gle by the negative of the angle of this vector. 'Loci of 
constant 100/0i1 are then concentric circles about the 
point ( —1-FjO), with radius equal to 1/10./Oil . Such 
circles, with values of 100/04 marked, are shown in Fig. 

Fig. 3—kL plane, showing typical kL contour and damping-
ratio circles. 

3. By making use of such a diagram, the determination 
of the system frequency response from a known charac-
teristic is considerably simpler than by other methods. 
For example, in Fig. 3 it may be seen by inspection that 
a resonance peak of magnitude 1.33 and ph?se angle 
—4h occurs at frequency oh, so that the so-called "damp-
ing ratio" is 1.33. The complete characteristics of mag-
nitude and phase of 100/04 versus frequency may be 
plotted with ease. 
The third, and perhaps most important, function 

which we wish to perform is to determine the system 
parameters required for proper operation. One fre-
quently recurring problem is the determination, in a 
given system, of the gain coefficient ki which will result 

in a given damping ratio. Using the inverse Nyquist 
plane, the determination becomes quite simple. We note 
that one possible method would be to plot kL for dif-
ferent values of k, and choose the contour which is tan-
gent to the circle representing the desired damping ra-
tio. The gain coefficient is then the reciprocal of the loss 
coefficient corresponding to the chosen contour. 
However, it will be seen that the same effect may be 

produced by changing the scale of the kL plane, main-
taining the contour constant. Thus, a decrease in gain 
corresponds to a shrinkage of the co-ordinate system by 
the same ratio. In order to make best use of this scheme, 
we may plot kL initially with k set equal to unity, as is 
shown in Fig. 4. 

• 0 

GO 

KL  PI 

Fig. 4—Graphical construction to determine gain coefficient 
for desired damping ratio. 

Let the desired damping ratio be m. The radius of the 
corresponding circle will be 1/m. Now we may increase 
the scale of the kL plane until the damping-ratio circle is 
tangent to the contour. The ratio by which the scale 
was increased will then be kl, the gain coefficient for the 
desired damping ratio. 
The desired result may be obtained easily by a graph-

ical method. In Fig. 4, the line OA, of slope —1/ n\r 1, 
is the locus of circles of damping ratio m as the scale is 
increased. We must, therefore, find the circle with cen-
ter on the negative real axis, tangent to both the line 
OA and the contour. It is evident that this operation 
may be performed easily with a compass or dividers. In 
many cases the intersection of the line OA with the con-
tour may be used as a first approximation for the point 
of tangency, since the result often approximates the cor-
rect result within the desired precision. 
The gerieral behavior of the system under change of 

parameters may be studied using the kL plane. For ex-
ample, it is seen that the effect of the gain upon the 
resonant frequency of the system may be obtained. The 
effect of the addition of tandem lead, lag, and attenuat-
ing networks may be studied in a manner analogous to 
that employed with the conventional kiG diagram, by 
virtue of the fact that the loss function for a tandem 
combination of individual networks is equal to the prod-
uct of the individual loss functions. 
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Discussion on 

"Factors Affecting the Accuracy of 
Radio Noise Meters"* 

HAROLD E. DINGER AND HAROLD G. PAINE 

Alan Watton, Jr.:' There was published in the Janu-
ary, 1947, issue of the PROCEEDINGS an excellent paper 
by H. E. Dinger and H. G. Paine discussing the factors 
that contribute to the difficulty of accurately measur-
ing radio-frequency noise voltages and field strengths. 
The paper contains experimental data demonstrating 
the limitations of the conventional noise meter, particu-
larly in the measurement of impulse noise. This type of 
noise meter uses a D'Arsonval meter as the indicating 
instrument and, as a means of obtaining a logarithmic 
scale, an automatic-volume-control circuit acting upon 
the gain tubes. The paper also reviews a number of 
factors which are pertinent in attempting to devise im-
proved noise meters. The comments which follow are 
intended to set out from a somewhat different point of 
view some other possibilities for improvement. 
The basis for these remarks is the observation that the 

most fundamental defect in present-day noise meters lies 
in the wide difference in transient behavior between 
these meters and conventional radio receivers. In conse-
quence, there is the possibility that significant progress 
can be made along the line of reducing this divergence. 
- Of course, one difficulty arises from the fact that re-
ceivers vary widely in their transient characteristics de-
pending upon the application (a.m. and f.m. communi-
cation, loran, radar, etc.). But in any given classifica-
tion there apparently is sufficient resemblance to make 
possible an attack upon the problem from this stand-
point. 
The aircraft a.m. communication (superheterodyne) 

receiver may be analyzed in detail as an example. For 
this purpose this type of receiver may be separated 
into four components: (a) the tuned stages, (b) the sec-
ond detector, (c) the audio amplifier, and (d) the head-
set including the ear cavity of the operator. 
With regard to the transient behavior of the tuned 

stages, the two important factors are: (a) the band-pass 
characteristics of these stages, and (b) the automatic-
volume-control (a. v. c.) action. 
The band-pass characteristics of the tuned stages of 

the noise meter must match those of the tuned stages of 
the receiver in order that the transient action of the two 
may be the same. Reasoning on general terms, Fourier 
integral theory shows that two networks will have the 
same transient behavior if they have identical steady-

* PROC. I.R.E., vol. 35, pp. 75-81; January, 1947. 
Propeller Laboratory, Engineering Division; Headquarters, Air 

Materiel Command, Wright Field, Dayton, Ohio. The opinions ex-
pressed herein are those of the author and do not necessarily reflect 
the official viewpoints of the Air Force. 

state response characteristics in both transmission and 
phase shift. Furthermore, the tuned stages are ladder 
networks, and Bode2 has shown that for two ladder net-
works to have identical phase-shift characteristics, the 
necessary and sufficient condition is that the two net-
works have identical transmission characteristics over 
the entire frequency range extending to zero and infinite 
frequencies, respectively. In more particular terms, the 
requirement is that the pass band of the tuned stages 
of the noise meter and of the receiver shall be the same 
both in bandwidth and in the bandshape, at least over 
the range of frequencies at which appreciable gain is ob-
tained. Detailed treatments of the transient behavior of 
the tuned stages of receivers are available.2,4 
The action of the delayed-a.v.c. circuit, normally 

used in the type of receiver we are considering, is such 
that in the critical case of barely detectable interference, 
the output of the tuned stages is too small to overcome 
the delay bias of the a.v.c. circuit. In consequence, the 
tuned stages are in the region of linear operation. To 
maintain similarity to this condition in the design of the 
noise meter, the a.v.c. circuit used in present-day noise 
meters would have to be abandoned and the tubes in 
the tuned stages of the meter operated with fixed bias. 
However, a multiple-tap attenuator would have to be 
provided, possibly at the input, to handle the wide 
range of input voltages (1 microvolt to 1 volt) of inter-
est in radio noise measurements. 
Coming now to the second detector, it seems that a 

match in transient characteristics can be obtained most 
easily by using in the noise meter the same tube and 
other components as used in the receiver. 
Providing in the noise meter a counterpart to the 

audio amplifier of the receiver is a problem similar to 
that encountered in connection with tuned stages. 
Again, Fourier integral theory shows that two networks 
will have the same transient behavior if they have iden-
tical steady-state response in both transmission and 
phase shift. 
By the same reasoning as that used above, it can be 

seen that it is necessary to provide, in the noise meter, 
an amplifier that is similar in steady-state transmission 
in both the useful and the drop-off frequency bands to 
the audio amplifier of the receiver. Such an amplifier can 

2 FL W. Bode, "Network Analysis and Feedback Amplifier De-
sign," D. Van Nostrand Co., Inc., New York, N. Y., 1945. 

Samuel Sabaroff, "Impulse excitation of a cascade of series tuned 
stages," PROC. I.R.E., vol. 32, pp. 758-760; December, 1944. 

4 David B. Smith and William E. Bradley, "Theory of impulse 
noise in ideal frequency-modulation receivers," PROC. I.R.E., vol. 34, 
pp. 743-751; October, 1946. 
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be easily designed by appropriate methods. It should 
be noted that the receiver audio-amplifier response used 
shall be that obtained with the head set as the output 
load. 
In attempting to construct in the noise meter an ar-

rangement that will serve as the analogue of the head 
set and associated ear cavity of the radio receiver, we 
certainly face a complex design problem. However, of 
the several possible solutions, one that is the most direct 
(but not necessarily the easiest) is to make use of the 
equivalent circuit' of this electroacoustic configuration 
and construct a circuit such that an output voltage is 
obtained that represents the sound pressure in the ear 
cavity. 
Suitably combining the four components, each in it-

self similar in transient action to the corresponding 
component in the radio receiver, will give an assembly 
the output voltage of which will be the same, except for a 
calibration factor, as the acoustic output df the radio re-
ceiver when both are subjected to the same radio inter-
ference input signal. There would remain, then, the 
problem of measuring this output voltage. 
Now, as the authors point out, "It has been generally 

agreed that the interfering effect of frequently oCcurring 
impulses, for most applications, is more nearly propor-
tional to the peak value than to the effective or average 
values." It would seem reasonable, considering all ap-
plications of radio receiving equipment (communica-
tion, navigation, radar, etc.), to say that even in the 
case of impulses occurring at low recurrence rates, or in 
the case of random noise, the peak value is a more ac-
ceptable measure of the interfering effect than any other 
easily defined criterion. 
Therefore, the problem is to measure this peak value 

of the output voltage of the noise meter. Now, in tech-
nically significant cases (e.g., electrical control circuits 
used on aircraft), impulses occurring at recurrence rates 
as low as once every three minutes are deemed to be 
radio interference. Obviously, the discharge time con-
stant of a suitable transient-peak voltmeter circuit 
would be impracticably large. However, a cathode-ray 
oscilloscope, with a calibrated scale and with or without 
photographic recording, would accurately indicate the 
peak value of the transient. Furthermore, such an ar-
rangement would be adaptable to use in semiportable 
equipment. 
This approach to the problem would seem to offer a 

number of outstanding advantages. The performance of 
a noise meter can be thus arranged to bear a rational rela-
tionship to the behavior of radio receiving equipment. 
Furthermore, this relationship is capable of being writ-
ten into a specification in terms of steady-state sine-wave 
measurements. Finally, the calibration in actual use can 
be made directly by a standard-signal generator. 
On the other hand, some experimental work that the 

'H. F Olson, "Elements of Acoustical Engineering," D. Van 
Nostrand Co., Inc., New York, N. Y.; p.229; 1940. 

writer has had performed has made it apparent that the 
maximum allowable limits of radio noise to be used with 
this method are very different (in general, much higher) 
than those rather generally accepted for use with the 
present-day type of noise meter. Thus new limits would 
have to be determined. 
In conclusion, the writer is in full agreement with the 

result of the experimental study outlined by the authors 
in the subject paper, and these comments are intended 
to be supplementary to the conclusions which the au-
thors reached. 

Harold E. Dingen. Mr. Watton has further empha-
sized the difficulties encountered when attempts are 
made to standardize radio interference-measuring in-
strumentation and techniques, especially if single-
valued indications are desired. Much of the substance 
of Mr. Watton's discussion was contained in the orig-
inal manuscript of the subject paper, which was reduced 
approximately 50 per cent before submission to the In-
stitute and again by 50 per cent, by request of the Editor, 
prior to publication. Because of these condensations, 
considerable information of a pertinent nature did not 
appear in the published paper. The original version de-
scribed several oscillographic and photographic meth-
ods of indication, as well as additional material on each 
of the items discussed. One subject in particular that 
did not receive the treatment merited by its importance 
is that of overloading or dynamic range. This factor is 
especially prominent in the measurement of impulsive 
interference. 
The general problem of interference measurement 

must, of course, consider all types of interference, and 
the units of measurement must be such that they can be 
related to the subjective effect of the interference on 
different services, such as a.m. and f.m. broadcasting, 
television, facsimile, radioteletype, radar, etc. 
Since the subject paper was written, considerable 

work on radio interference measurement has been in 
progress at the University of Pennsylvania under Navy 
Department sponsorship. Additional studies are being 
made by the various service laboratories, the Joint Co-
ordination Committee of Radio Reception, the Ameri-
can Standards Association, and the International Spe-
cial Committee on Radio Interference. It is anticipated 
that these studies will result in recommendations for 
instrumentation and methods of application much more 
suitable than those currently in use. 
One significant feature that is being incorporated into 

several new measuring equipments is an adaptation of the 
slide-back voltmeter method of measuring peak values. 
Although it is somewhat slower than direct-indicating 
methods and does not lend itself to continuous record-
ing, it has considerable value for use with impulsive 
interference of relatively low recurrence rates. 
The writer is of the opinion that it will probably be 

desirable to specify two categories of radio-interference 

Naval Research Laboratory, Washington, D. C. 
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neasuring equipments; one of which will be a laboratory 
itandard, the other a portable instrument giving indica-
.ions which have been referenced in some manner to the 
aboratory standard. 

Harold G. Paine :7 The desirability of eliminating 
lutomatic-volume control in radio noise meters, which 
Mr. Watton mentions, became evident early in the 
;round work which preceded this paper. Two methods 
)f accomplishing this were discussed at that time: (a) the 
ase of fixed bias in amplifier stages with a suitably de-
signed nonlinear d.c. amplifier in the output to provide 
the logarithmic scale, and (b) the use of a continu-
Dusly variable attenuator ahead of a fixed-gain receiver 
-circuit, and adjusting the attenuator for each reading 
so that a standard matching indication is obtained. 
Sometime after submission of this paper, Mr. Chappell 
of Camp Cole Signal Laboratory proposed a device for 

7 Naval Research Laboratory, Washington, D. C. 

making noise measurements which utilizes a slide-back 
voltmeter and a method of comparison against a stand-
ard noise generator. 
The use of automatic volume control is convenient in 

the design of light, portable, battery-operated noise 
meters in which the use of complicated circuits and 
components is undesirable because of power and weight 
limitations. The complications arising out of the use of 
automatic volume control in a radio noise meter, which 
were pointed out in the above paper, do not necessarily 
preclude the obtaining of acceptable accuracies in the 
measurement of noise of a general random character or 
in the measurement of some impulse noise having a 
relatively high repetition frequency. It is in the meas-
urement of impulse noise of short duration and rela-
tively low repetition rate that difficulty is encountered, 
and considerable work remains to be done before suita-
ble techniques and instrumentation are available. 

Discussion on 

"Exact Design and Analysis of Double- and 
Triple-Tuned Band-Pass Amplifiers"* 

MILTON DISHAL 

Vernon D. Landon:' Dishal has written an excellent 
summarizing paper on band-pass amplifier design. I be-
lieve it is slightly misleading, however, as to the value 
.of Q required for operation of triple-tuned circuits. 
On page 620, in speaking of a band-pass filter utilizing 

three tuned circuits, Dishal says: 
"To obtain a flat-topped response with three peaks of 

equal amplitude in the pass band, all the loading must 
be removed from the middle tuned circuit . . . . Other-
wise, as will be shown later, the outer two peaks of the 
response will be lower in amplitude than the middle 
peak." 
In the next paragraph he elaborates: "To approach 

the ideal triple-tuned response curve, the Q of the mid-
dle tuned circuit must be of the order of 10 times (or 
more) the Q of the input and output circuits." 
The experimental facts are somewhat at variance to 

the above, as will be explained. Given three tuned cir-
cuits with Q3 = Q3 and with Q2 = M I, the circuits may 
be coupled to obtain the ideal triple-tuned response 
curve to which Dishal refers. If, for economy, or other 
reasons, the value of Q2 must be reduced to only 3 or 4 

the outside peaks will have lower amplitude than 
the middle peak (as he states), providing no other cir-
cuits constants are changed. However, if at this point 
Qi is reduced somewhat and G is increased (or the re-
verse), the equality of the three peaks may be restored. 
This fact is rather important, as it permits the use of 

• Pxoc. I.R.E., vol. 35, p. 606-626; June, 1947. 
Radio Corporation of America, RCA Laboratories, Prince-

ton, N. J. 

three coupled circuits without having to meet quite as 
stiff a Q requirement as that proposed by Dishal. 
The smallest value of Q that may be employed in the 

circuit having the highest Q may be found by making 
use of Dishal's mathematics. In equation (28) on page 
623, if the coefficients of F4 and P are set equal to zero, 
we have the condition for "maximal flatness"2; that is to 
say, the flattest curve without multiple peaks. This gives 
the two equations: 

2K 2 —  (n 12 +  n2 2 4. 112 2) = 

K4 — K2(n12 4- ns2 — ns(ni + n3)) 

n12n22 n22n32 n37n12 = 0 

(1) 

(2) 

where K= the coupling coefficient, and no, n2, no = the in-
verse of the Q's of the three circuits. 
From (1) it appears that, if one of the n's is increased, 

another must be decreased. Then the largest value, no, 
required for the smallest n, will occur when the two 
smaller n's have the same value. 
Assuming the two smaller n's are n2 and ns, we have 

fl0 fl2 fl3, and 

2K2 — ni2 — 2n02 = 0  (3) 

K4 — K7(n17 — noni) + 2n no 2 + no s =  (4) 

Of the three unknowns, K, no, and no, any one may be 
assumed fixed, and the other two may be solved for in 

2 V. D. Landon, "Cascade amplifiers with maximal flatness," 
RCA Rev., Pt. I, pp. 347-363; January, 1941: Pt. II, pp. 481-
498; April, 1941. 
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terms of that one. Cut-and-try methods yield the follow-
ing solution, which may be checked by substitution: 

no = 0.236ni 

K = 0.745ni. 

In Dishal's equation (28), the last term of the poly-
nomial under the radical is 

[K2 (ni   no  2 ) 
2  ninond 

( 
'JO) 

where fo= the bandwidth at 70 per cent (for the condi-
tion of maximal flatness), and fo = the resonant fre-
quency. 
Then 

and is equal to 

(K2  111 +  no 
fo  2 

= 0.737ni. 

1/3 

ninu2 

Now, for Dishal's assumed conditions of 

ni = na 

n2 = 0, 

we find K = =follo for the maximally flat condition. 

Dishal assumes that 

1 lb 

/12 = 
10 Jo 

is required. 
The present discussion indicates that, when n2= n = no, 

no = 0.236,4 

0.236 fb 

0.737 Jo 

=0.32 k 
Jo 

is sufficiently small. In other words, the triple-tuned 
circuit is operable if tuned circuits are available having 
a Q as high as about 

3 — • 
b 

Milton Dishal:a I would like to take this opportunity 
to thank Landon for pointing out the fact that it is pos-
sible to obtain a triple-tuned response curve having 
three peaks of equal amplitude and two valleys of equal 
amplitude, even though the Q of the middle resonant 
circuit is not infinite. This fact is practically of great 
importance and I think it is safe to say that when triple-

$ Federal Telecommunication Laboratories, Inc., Nutley, N. J. 

tuned band-pass circuits are used, and a symmetrical 
band pass is desired when the circuits are correctly reso-
nated, the "Q distribution" pointed out by Landon, i.e., 
Q2 = Qs =AQi, should be used rather than the Q distribu-
tion mentioned in my paper of Qi = (21 and 0= .0. (A 
is a number whose value depends on the type of response 
desired.) 
In discussing this matter, I think it is important to 

clearly separate, in the following manner, the two types 
of useful responses which can be obtained: (a) the type 
of response having n maxima of equal amplitude and 
(n —1) minima of equal amplitude within the pass band 
where n is the number of resonant circuits used; and (b) 
the type of response having a single maximum which 
occurs at the middle of the pass band. 

Response Type (a) 

It should be realized that my paper considered this 
type of response only. The main reason why I was led 
to consider the Q distribution Qi =G and G= .0 was 
that this seemed to be the only distribution which would 
allow exact design equations to be obtained which were 
not hopelessly complicated. Unfortunately, this still 
seems to be the case, and it should be realized that Lan-
don's discussion gives no solution for this type of re-
sponse. Thus, insofar as the response having peaks and 
valleys within the pass band is concerned, we have only 
the qualitative fact that this response can be obtained 
without the necessity for having Q2 = CO . 

However, insofar as practical design is concerned 
(where exact final values must be experimentally deter-
mined), Landon's equations can be used to obtain the 
transitional shape condition, and the coefficient of cou-
pling can then be increased very slightly to produce a 
multiple-peaked response. (It will also be necessary to 
make Q2 = G more than 4.24G; the greater the peak-to-
valley ratio desired, the greater will be the required ra-
tio of G = Q to Qt.) 
It may be pointed out here that the following pro-

cedure may possibly allow an exact solution to be ob-
tained for the multiple-peaked response, for conditions 
other than my assumed conditions of G = G and G= 00 • 
As pointed out by Landon, the transitional-shape con-
dition or condition of maximal flatness is obtained 
when, in my (28), the coefficients of F4 and P equal zero 
and when the constant term equals (AA do/f0)6. When 
the multiple-peaked response is desired, the coefficients, 
rather than equaling zero, must equal some specific 
value. These specific values can be obtained by substi-
tuting, in my (28al, the required values of K and n as ob-
tained from (34), (35), and (36). We can then set the 
more general coefficients given in (28) equal to the above 
values obtained through the medium of (28a). It is pos-
sible that a usable solution may then be obtained 
from the three resulting simultaneous equations. Thus, 
to obtain a certain percentage bandwidth between out-
side peaks of (4,/fo) with a certain peak-to-valley ratio 
defined by 7 of (35) we find that the coefficient of P 



!1947  Discussion on "Band-Pass Amplifier Design"  1509 

must equal 2(Af„/f0)2; the coefficient of P must equal 
1(Aipif o)4; and  the  constant  term  must  equal 
[-y(1±-y2)(Afp/f0)19. Thus, in order to find the required 

ratio of 

K  ft 
and 

(40/./0)  (Afo/10)  (Air/i0) 

Thus, using Landon's Q distribution, it will be necessary 
to solve the three simultaneous equations given below 

n 

tan 0 (per stag) =  

-±4)1y  AI )2 2.01 

Af3db /  ( Afadb  [21/N_ 111/3 

r  1.93  ( Al )2  1   

L[21/N-1 ]1/8 Afadb  121/N — On 

N-Cascaded Double-Tuned Circuits 

Qi = Q2 

K= -
1 

2K2 — (n1 2 ± 2110 2) = 2 (Airy 
\ Jo /   = 1.414121/N 

f 4 

K4  K 2111 (111  no ) + n02(no 2 2n12) = 1 ( 1 

Jo 

ni + no  
K 2  ±  nolo' = 7(1  12)(__L(—Jo ) 

2  

Response Type (b) 

In his discussion, Landon has given the exact solution 
for the constants required to give the limiting case of  Gain (per stage)    —  1 . 414[211N — 1[114  
this single-peaked type of response. (It should be noted  G„,/4rAf3db-s/C1C2 
that the required conditions for maximal flatness could 1 
also be obtained by equating simultaneously to zero the  T. [( Af  )2 1 
two parts of (30).)  tan O( ,.stage) =  Af3db  [2 1/N  —  11 112  i 

As mentioned previously, Landon's solution is of  1.414  (4. Af yl 

great practical importance because of the relatively  [ [21/N _ 111/4 Af3db LI 
small value of Q required in the two high-Q circuits. 
When identical circuits are cascaded, the required Q1 N-Cascaded Single-Tuned Circuits 
for a given (Af3 db/fo) will be even smaller than Q 
0.737(Af2 abljo), and, therefore, the high-Q circuits  = [21/N — 1]1/2 
(Q2= 0) whose Q must equal 4.24Qi will require a neces-  f0/ 43db 

sary Q even less than 3(fo/A13 db). For example, for five 
cascaded triple-tuned circuits, the required Qi is  Vo 

V = p ug _ 1)(  Af  \ 2+  1T /2 

\ Af3db I 

Qj =-- 0.54(fo/Afa db) and, therefore, the required Q2=Q3 
is only Q2,3=- 2.3 (fo/Afa db)•  or 
Since the equations are quite simple, I think it would  Af =  1   r(VO\ 2/N  1 12  

be helpful to tabulate the equations which enable the L\v I - 1 
cas-

caded single-, double-, and triple-tuned band-pass cir- GAfa3idnb(per ota[20 1:  —  11112  complete and exact design to be accomplished for G,n/2rAfbdbC = 121/N — 111/2 

cuits using the maximally flat type of response. 

N-Cascaded Triple-Tuned Circuits tan °per stage =  ( ±  Af  ) [2 1/N  —  11 1/2 . 

Q2 = Qg =  4 . 24421  AfIldb 

0. 745  Corrections 
K = 

or 

fO/Afgdb 

VO  Al \ 4  1N/2 

=  L"" 1) 1+1J A_ 3db 

111 / 4 

(170) 2iN  i] ibt 1 

Af3db  [21/N  1[1  [ /4 

Qi  I would like to take this opportunity to note that 
Qi the sign before the radical of equation (30 ) should be ±. 

= 0.737[21/N — 1]"  It should also be noted that in Fig. 6, Chart I, and 
fo/Afadb  equation (27), the subscripts 1 and 2 refer to the input 

Vo 
= [(VI" — 1) ( Al  +1 

V  1 "  and output resonant circuits, 3 referring to the middle 
Af3db  circuits; whereas in equations (28), (29), and (30) the 

or  subscripts 1 and 3 refer to the end resonant circuits and 

Af  _  1  [(  V0)2/N  1/i  2 refers to the middle circuit. In this discussion , both 

Afsdb  [21/N  — 1 P/' 
Landon and I have used the latter notation. 

V In the pi equivalent for the transformer in Fig. 3, 

Gain (par sta(e)   l.03 [21/N — 111/•  the denominators for the vertical legs should have the 
G,./41rAfacibN/CiCs — sign in front of M reversed; i.e., it should be F. In the 
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tee equivalent for the transformer the dot should be re-
moved from the equality sign of the vertical leg. 
Equation (1) should be referrred to Fig. 1 instead of 

Circuit I of Fig. 2; (2) should be referred to Fig. 4 in-
stead of Circuit A of Fig. 5; and (3) should be referred 

Discussion on 

to Fig. 1 instead of Fig. 5. 
In (15), the last bracketed term under the second 

square-root sign in the denominator should be squared, 
and the fifth line from the bottom of page 617, in the 
second column, should read (19) instead of (18). 

"The Cathode-Coupled Amplifier"* 
KEATS A. PULLEN, JR. 

John R. Clark  In reading the recent paper, by 
Keats A. Pullen, Jr., I was unable to follow the reason-
ing leading to the choice of a low value of cathode-
coupling resistor, as well as the expression in the Ap-
pendix which would indicate that the over-all gain was 
directly proportional to the load impedance. Hence, I 
submit another analysis which I believe is more con-
ventional and yields results which check more closely 
with Mr. Pullen's measured voltage-gain curves. 

Fig. 2 

Fig. 1 shows the basic cathode-coupled amplifier. To 
the right of point 1 (Fig. 1), we find a conventional 
cathode-driven amplifier, its equivalent circuit being 
shown in Fig. 2. From Fig. 2 it is evident that the 
voltage gain of this stage is 

eo 
VG = — = (it + 1)   

ek  R, Z L 

and the input impedance, 

Zi. = 
ek 

+ 

ZL 

R, - Z L 

Again referring to Fig. 1, we find a conventional 
cathode follower to the left of point 2 whose load im-

• PROC. I.R.E., vol. 34, pp. 402-405; June, 1946. 
Purdue University, Lafayette, Ind. 

pedance consists of Zi„ shunted by Zk. The over-all 
gain expression yields little additional information if 
only we remember that the gain of the cathode-follower 
stage increased from zero to tiht-1-1 as the load im-
pedance increases from zero without limit. Hence, it is 
apparent that the higher the value of Zk becomes, the 
greater will be the over-all gain, and that the real func-
tion of Zk is to provide direct-current continuity to 
ground, and possibly, in wide-band applications, to 
flatten the frequency-response characteristic at the ex-
pense of gain. 
It would then appear that ZL should be chosen in a 

manner similar to that used for conventional triode 
amplifiers, and that the direct-current value of Zk should 
be chosen to provide suitable bias for both triodes. 
Greater flexibility of design may be had by using the 
biasing arrangements shown in Fig. 3. 

Fig. 3 

Adolf Reitlingere There is obviously an error in the 
calculation for voltage gain, or effective amplification, 
for a grounded-grid amplifier. Representing the 
input voltage as el 
input current as 
series impedance as Z1 
cathode-circuit impedance as Zk 
plate alternating current es 12 
voltage developed by the tube as e2 
voltage appearing across Zk as es 
amplification factor as /2 
plate resistance as R„ 
load resistance as ZL 
effective impedance to a voltage applied across points 
a and b of Fig. 4 as  

'Q1-01 98 Street, Woodhaven, L. I., N. Y. 
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Gain = G2 = 

current flowing into point a, Fig. 4 as / 
output voltage as e0, 

Mr. Pullen states: 

= 

= j2(Zk-F/4-1--ZL)-1-i2k 

voltage gain= eo/ ei=  1,/ Zk+1)(Rpd-Z1)1• 

No account has been taken for the fact that fractions 
of ei and e2 appear in phase across R,, and ZL, and out of 
phase across Zk. 
The equations for effective amplification and for Z„ 

are: 
The voltage developed by the tube. alone is ilea, and 

the total current flowing into point a (Fig. 4) is: 

ZI 

e3 e3 ge3 
 +   

Zk R„ + ZL R„ + ZL 

. e3 ( 1 ± A + 1 \ 

Zk R, ± ZL) 
A 

pp 

e. 

e,  e, 

X   
ID 
Fig. 4 

The equivalent impedance presented to the source 
across points a and b (Fig. 4) is: 

(1) 

e3 — 

e3 1 

/  1  L+1 

R, - Z L 

Zk(R,  ZL) 

(11 -I- 1)Z,  R, + Z 

eiZ 

Zi + Z., 

Zk  R, + ZL\ 

-I- 1 ) 

R,  ZL 
Zk +   

,z+1 

For the circuit of Fig. 5, Zi for the second section =0. 
G2; the gain of second section, becomes 

G = 
(ZL  R,,\ 

11+1 

ZL 

Z„ of the second section (2), 

Zk ( R, + ZL) 

,u+1 ) 

Z1 + 
( R, ZL\ 

14+ 1 ) 

I" S ect.  IL" Sect. 

0 

  ap  lap 

e, 

4 
Fig. 5 

is the effective Zk for the first section. G1 of the first sec-
tion is, according to Terman,3 

G1 
Z., PZ .0   

+ 1  R,  R, + (IA + 1)Z.9 
Z., +   

-I- 1 

and the total gain =GIG2. Provided g and R, are equal 
in both sections, and calling 

and 
(2) 

ZL(R, + ZL) 
=e1   (3) 

Zk(R„  ZL)  Zi[04  1)Zk  R,  ZL] 

e3(A  1)Z1,  1 
X — 

ZL  R,  el 

Zk(R,  ZL)(m + 1)Z z, 

lZk(R,+ZL)-1-Zi[OA-E1)Zk+ R,-EZL] I (RI, +ZO 

ZaL 

ZL Rp 
ZiZk + (Z1 + 

+ 1 

(4) 

G1 = 

(ZL  Rp\ 

/4+1 ) 
= zR, 

R,, 
  = R0, 
14+1 

µZhZit 

+ 1) [Z kZ R+R ak +Z 

Z1, 
G2 = ZR 

G1G2 = (/4 + 1)[Z,,Za + R ah +ZR)] 

Keats A. Pullen, Jr. :4 Mr. Clark's discussion on the 
Appendix does not appear to provide the clarification 

MZLZk 

3 F. E. Tcrman, "Radio Engineers' Handbook," McGraw-Hill 
Book Co., New York, N. Y., 1943. 

4 The Pullen Laboratories, Brooklyn 17, N. V. 
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promised. The solution on each type of stage was only 
indicated, and no attempt at consolidation of the deriva-
tion made because, although such a combination would 
verify the initially rising gain with rising cathode im-
pedance, the decline of gain at high values of this im-
pedance did not follow. Rather than make a statement 
of the combined gain, this writer preferred to supply 
experimental curves. It might be pointed out, however, 
that Mr. Clark has neglected the input impedance of the 
cathode circuit of the grounded-grid amplifier. Although 
the cathode follower admittedly has a low output im-
pendance, it is by no means zero, as is required by his 
Fig. 2 and his equations. 
In Mr. Clark's Fig. 3 he has included an excellent and 

very valuable form of the cathode-coupled amplifier. 
This circuit makes most effective use of the inherent 
advantages of the cathode-input stage by using it at 
maximum transconductance and operating the input 
stage at maximum input impedance. This circuit can be 
used to excellent advantage at high radio frequencies 
and high-input impedances with small signal level. 
Mr. Reitlinger in his study has neglected to observe 

several facts pertinent to the analysis at hand. In his 
Fig. 4, the grid is maintained at the potential 'of point 
(b) or ground. That means that, although there will be 
a charging current to the capacitance, the grounding ac-
tion of the grid brings about an isolation between cath-
ode and plate. For this reason, the analysis as performed 
—namely, injection of signal into a cathode impedance 
and the use of that as the voltage generator for the 
voltage to be amplified—is valid. 
The curve showing the cathode input voltage on the 

grounded-grid stage, Fig. 8 of the paper, shows that 
there is a voltage loss in coupling the grounded-grid 
stage to the cathode-follower stage. Mr. Reitlinger's 
analysis does not agree with this experimentally de-
termined curve. 

John R. Clark:' It appears that I was not too con-
vincing in my first comment, so I will attempt to be 
more complete, as suggested by Mr. Pullen. To obtain 
an expression for the over-all gain, let us first assume 
that Zk is a parallel-resonant circuit and of such high 
impedance as to have negligible shunting effect on Zi„, 
the input impedance of the cathode-driven or grounded-
grid stage. The total load on the cathode follower would 
then be Zin, and its gain would be 

4  AL  Zin 
VG, = — =  X   

p+1  R, 

A + 1 

and substituting the value of Zi„ derived in my first 
comment, 

+ Zin 

R„ + ZL 
VG, =  X   

A + 1  2R, + ZL 

The total gain would then be the product of the two 
individual stage gains: 

z, 
VG = VG, X VG2 =  R, Z 

m + 1 x 2R, + ZL 

ZL  IAZL 

R, + ZL 2R, + ZL 

This expression assumes identical values of µ, g.„ R, 
for both triodes as well as an extremely high value of Zit• 

To see the effect of finite values of Zk on the over-all 
gain, it should be noted that the gain of the second 
stage is independent of Zk. Therefore, it will be neces-
sary only to find the effect on the gain of the cathode 
follower. If we set up the ratio F of VG, with 2k= CO 

to. VG1 with 2k finite, the actual gain will then be 

where 

X (At  1) 

AZL  
VG—  X F 

2R, + ZL 

Zi„Zk 

Z + Z,, 
F 

R,  Zi„ZA, 

m - 1+ Z,„ + Zk 

Rp + (12 +  

(,u + 1)Zi„ + R, + 
Zk 

Substituting, 

Z,„ =   
(i +1) 

and rearranging, 

zin 

tzL + 

kR, 

(ZRL + 2) ± 04 -1= Igo?, 
It is interesting to note that the maximum value of F 

equals unity, and obtains when Zk increases without 
limit. It is of further interest to note that F may be 
evaluated for the limiting values as ZL approaches zero 
and as Z,. increases without limit. 
By limiting ZL and Zk to real values, the curves shown 

in Fig. 6 are obtained. Mr. Pullen's choice of Zh = 1/gm 
can now be seen to give approximately one-half to two-
thirds of the maximum possible gain. 

Mr. Pullen did not state the conditions under which 
he obtained his experimental curves, but I have been 
able to duplicate them by setting up the circuit as in 
Fig. 1 of his paper. Under these conditions the quiescent 
grid and plate voltages soon get out of any normal 
operating region and the corresponding changes in tube 
parameters, I believe, account for the falling off of gain 
at high values of 4 . To check this point, I have set up a 
circuit similar to my Fig. 3, but with two separate plate-
voltage supplies so that fixed operating points could be 
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• 
This result differs from my derivation, and I assume 

that Mr. Pullen agrees that my analysis is the valid one. 
Keats A. Pullen, Jr.: Mr. Clark has made the as-

sumption in his discussion that the input power drawn 
from the cathode-follower stage by the grounded-grid 
amplifier is negligible. As is known by anyone who has 
used grounded-grid amplifiers, in some cases it is pos-
sible to get more radio-frequency output than the 
direct-power input on these stages. This results from 

80   inclusion of drive power in the output power. It is for 
this reason that Mr. Clark's derivation is in error. 

70  I  regret that typographical errors caused the 
grounded-grid equations to be in error. The second and 
third equations should have read 

z 40   [(1:1  j ai;  = j ab + R  + Zr.,)  (5) 

•  eo/ei =  +1)Za[Z,(1 -1- (Zigk +1)(14+ ZL)]. (6) 

si 60 

z 50 
Id 
a. 

!maintained with changing values of RL and Rh. Using 
tube parameters measured on a General Radio vacuum-
tube bridge and decade boxes to obtain accurate values 
of RL and Rh, the maximum discrepancy between meas-
ured and calculated values of gain over most of the 
range covered in Fig. 6 was within 5 per cent. 

100 

90 

30 

20 

10 

Rh 

01 02  04  07 10  2 
Ric 

(P.")  F-T. 

Fig. 6 

4  7 10 20 

My conclusions are that Mr. Pullen's criterion for 
selecting Zk works very well when using triodes of 
medium µ and when it is not desired to complicate the 
circuit in the slightest. However, there are many ap-
plications where Zh and RL may be easily made to have 
low values of direct-current resistance and high total 
impedance, or where the quiescent tube voltages may 
be maintained easily at normal operating values by 
relatively simple circuit modifications. Under these 
conditions, it is advisable to choose a reasonably high 
value of Zh. 

Mr. Pullen's expression for voltage gain still is be-
yond my comprehension, particularly since the gain 
would appear to increase without limit in direct propor-
tion to ZL. Neither his experimental curves nor mine 
tend to uphold this conclusion. 
Adolf Reitlinger:2 My analysis was for the voltage 

gain of a cathode-follower circuit driving a grounded-
grid amplifier, and the formula for the gain of such a 
circuit was derived. No comment was made with respect 
to Mr. Pullen's voltage-gain measurements. 
I did state, however, that there is obviously an error 

in the calculation for voltage gain or effective amplifica-
tion for a grounded-grid amplifier, and the exact formula 
was derived. 
Mr. Pullen, in his reply, admits that my analysis— 

namely, that based upon the injection of a signal into 
the cathode impedance and the use of that as the voltage 
generator for the voltage to be amplified—is correct. 
Mr. Pullen does not give an explanation of his mesh 

equations, which, solved for effective amplification, will 
be: 

14ZzAZi(1 + (Z ak + 1)(Rp + 

The simplest method of getting a correct derivation 
is as follows: 
Take 

and 

g ml e ghl  gi n e pki 

Fig. 7 

= gm2e II gneott 

(See Fig. 7) 

where 

euki =  — Zk(ipi — ip2); evki = — zk(im — 41) 

egk2 = — Zk(i„—  

Solving for ii,, gives 

Or 

epk2 =  ZLipk Zk(ip2 

 8.44  gn)er   

eo iplZk 
V.G.p= —= 

et  et 

and 

got,ZL(go,-Egp,)Zo   

[1 +ZA(g.,A-g.,-1-git,A-gn)l-biZz.-1-ZaLt-pt(gaii+gvi)]  (7) 

eh 

•••   
et  et 

(1 -1-IstZL)g.44   (8) 
[1 -1-Zo(got,+b,,+tp,+sp,(+htzL+zhzi4,,(s..+ b.)] 
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• 
Under normal use, the following approximations may be 
made 

g,,,  g„,1;  g,,,, 

ginZi <<Za(g,,,,  g,,,,-1-  gp,) 

are 

CO $,,Z 
1/G, 

ed  ei 

gp gr   

[1+  g„,,A  g„,)-Fgp,Z L+ZaZz.gp,(ge.,+ &pi)] 

ahm 

(1+ tv,Z L) gP,IZ   
÷4(g„,,-1-  gp,)+14,2 i+ZAZ Lgv,(8•,-Fgp,1 

These reduce approximately to 

gagga4ZaZz.   g.Z1, 
VG9ca 

1 -I- (g„„ + g„„)Z k 2 

ek  golZk 1 
— = V G ra 
ei  1 +  (gm1 + gnsi) Zk  2 

(7a) 

(8a) 

(7b) 

(8b) 

It appears that Mr. Reitlinger's equation for the 
cathode-coupled circuit has only one failing—that of 
not fitting experimental data. This was pointed out in 
my previous discussion. Since Mr. Reitlinger has not 
replied to this point and I have been unable to make his 
equation fit the experiment, I am compelled to accept 
this as fact. 
This failure results from a lack of physical under-

standing of the problem of coupling these two tubes. 
The coupling of one tube to the other, at first glance, 
would seem to permit use of the properties of the 
cathode follower to provide an adequate voltage 
source regulation. However, the fact that cathode-
follower operation, giving the cathode current as 

(g,./ [1+ (g,„- gp)Z t])  et, actually gets regulation by 
in effect reducing the equivalent transconductance of 
the tube to g„,/[1+ (g„,- g„)Zd causes the tube not to do 
what would appear to occur. The second triode 
(grounded-grid element) still has full transconductance 
and, hence, acts as a very heavy load on the input stage. 

December 

To drive home this point, consider a voltage of +1 
volt to appear on the input grid. Normal cathode-fol-
lower action would place all this on the cathode. But 
the effective g„, of the tube has been reduced to 
g,,,/2 if (g..-Fgp)Zk=1. This voltage appears between 
grid and cathode of the grounded-grid stage. If full g„, is 
available on the grounded-grid stage, this will cause an 
opposing plate current to flow through the cathode im-
pedance of magnitude equal to the maximum the cath-
ode follower could produce. This would neutralize the 
applied signal. Hence, the voltage output from the 
cathode follower must be automatically reduced. It is 
evident that equilibrium will occur at half the input 
voltage. Fig. 8 in the paper experimentally verifies this 
fact. The cathode voltage-gain curve holds for each of 
the values of RL chosen. 
I regret the typographical errors in copying the equa-

tions of the grounded-grid amplifier from my notes. 
Since, however, the procedure is one of routine analysis 
of mesh equations, no difficulties should have been 
experienced in correcting the equations. The equations 
were included for reference only and, save for the Zi 
which should have read ZL in the last term of the de-
nominator, would have been sufficiently accurate for 
most applications. The left-hand term of the second 
equation obviously should have been negative in sign. 
The third equation should have read: 

— =(  + 1)Z V P ,(1  1.1)  + 1)(R p Z 
e,  k 

The derivation fitting physical facts for the gain of 
the cathode-coupled stage has now been worked out. 
The exact resulting equations are given above. The ap-
proximate equations are 

eo 

et 
= VGk  g„„Z t/ [1 ± (g.,  gm ad  4  (8b) 

e, 

VG, 

These 

12 a [1 + (gm, g„„)Z d  g„,Z L/2.  (7b) 

two expressions obviously satisfy my curves, 
since g, drops as Zk rises. 

Contributors to Proceedings of the I.R.E. 
George B. Criss (A'47) was born on June 

23, 1911, at Schenectady, N. Y. He received 
the B.S. degree in physics in 1931, and the 
E.E. degree in 1933 from the College of 
the City of New York. In 1944 he received 
the M.S. degree in electrical engineering 
from the University of Pennsylvania. 
In 1942, after a short period in the test 

department of the General Electric Com-
pany at Schenectady, Mr. Criss entered the 
employof the War Department at the Frank. 
ford Arsenal, Philadelphia, as electrical en-
gineer. During the war he was active in the 
application of electronic techniques to the 
development and design of gun-fire-control 
systems and instruments. Mr. Criss is now 
engaged in electronic development in the 

fire-control development division at the 
Frankford Arsenal. 

0 
For a.photograph and biographiof C. C. 

CUTLER, see page 1328 of the November, 
1947, issue of the PROCEEDINGS OF THE I .RE. 

A. Gardner Fox (A'40-SM '45) was born 
on November 22, 1912 at Syracuse, N. Y. 
He received the S.B. and S.M. degrees in 
electrical engineering from the Massachu-
setts Institute of Technology in 1935. From 
1935 until early 1936 he was employed in the 
radio receiver division of General Electric 
Company, at the end of which time he 
entered the radio development department 

of the Bell Telephone Laboratories, Inc. For 
the next three years he was engaged in the 
development of mobile and airborne radio 
transmitters, and in early radar develop-
ment. In 1939 he was transferred to the radio 
iesearch department where for three years 
he conducted research on wave-guide tech-
niques. From 1942 to 1944 he was again oc-
cupied with the development of radar sys-
tems. 
Since 1944 Mr. Fox has been engaged in 

microwave research as a member of the staff 
of the Holmdel Radio Laboratory of Bell 
Telephone Laboratories, Inc. He is currently 
a member of the committee on Radio Wave 
Propagation and Utilization of The Institute 
of Radio Engineers. 



Contributors to the Proceedings of the I.R.E. 1515 If947 

GEORGE B. CRISS 

• 

A. S. Gladwin was born at Glasgow, Scot-
land, on November 26, 1916. He received 
the B.Sc. degree in electrical engineering from 
the Glasgow University in 1940. Mr. Glad-
win was a member of the scientific staff in 
the research laboratories of the General Elec-
tric Co., Ltd., Wembley, England, from 1940 
to 1946. He is now a demonstrator in electri-
cal engineering at King's College, London. 

Robert D. Huntoon (A'41—SM'47) was 
born at Waterloo, Iowa, on July 20, 1909. In 
1932 he received the A.B. degree at Iowa 
State Teachers College, and obtained the 
M.S. degree in 1935, and the Ph.D. degree 
in 1938, from the State University of Iowa. 
.He was instructor in physics at New York 
University from 1938 to 1940, and research 
physicist for Sylvania Electric Products, 
Inc., Emporium, Penn., from 1940 to 1941. 
Since 1941 Dr. Huntoon has been at the 

National Bureau of Standards. During 1944 
and 1945 he served as expert consultant in 
the office of Dr. E. L. Bowles, Office of the 
Secretary of War. He is now chief of the 
newly-formed electronics section of division 
4, and assistant chief of the atomic physics 
division. Dr. Huntoon is a member of Sigma 
Xi and the American Physical Society. 

• 

A. GARDNER Fox 

A. S. GLADWIN 

Edward C. Jordan (S'36—A'39—SM'45) 
was born in Edmonton, Alberta, Canada, on 
December 31, 1910. He received the B.Sc. 
degree in electrical engineering in 1934, and 

ROBERT D. HUNTOON 

the M.Sc. degree in 1936, from the University 
of Alberta, and in 1940, the Ph.D. degree 
from the Ohio State University. He has 
taught electrical engineering at Worcester 
Polytechnic Institute and Ohio State Uni-

EDWARD C. JORDAN 

ARCHIE P. KING 

versity, and was a part-time consultant on 
the antenna research program at the Ohio 
State University during the war. 
Dr. Jordan is now professor of electrical 

engineering at the University of Illinois. He 
is a member of Tau Beta Pi, Sigma Xi, Eta 
Kappa Nu, and the American Institute of 
Electrical Engineers. 

Archie P. King (A'30—SM'45) was born 
at Paris, France, on May 4, 1901. He re-
ceived the B.S. degree from the California 
Institute of Technology in 1927. From 1927 
to 1930 he was in the seismological research 
department of the Carnegie Institution of 
Washington. Since 1930 he has been with 
Bell Telephone Laboratories, Inc. 

Winston E. Kock (SM'45) was born on 
December 5, 1909, at Cincinnati, Ohio. He 
received the E.E. degree from the University 
of Cincinnati in 1932, and the M.S. degree in 
physics in 1933. As an Exchange Fellow of 
the Institute of International Education, he 
received the Ph.D. degree from the Uni-
versity of Berlin in 1934. Following one year 
as Teaching Fellow at the University of 
Cincinnati, he attended the Institute for 
Advanced Study at Princeton and the In-
dian Institute of Science at Bangalore, India. 

Pau I Boris 

WINSTON E. KOCK 



1516  PROCEEDINGS OF THE I.R.E. December 

NILS ERIK LINDENBLAD 

Dr. Kock was formerly director of elec-
tronic research and development at the 
Baldwin Piano Co., Cincinnati, Ohio. He is 
now associated with the Bell Telephone 
Laboratories, Inc. at Holmdel, N. J., en-
gaged in microwave antenna research. Dr. 
Kock is a member of the American Physical 
Society, Tau Beta Pi, Eta Kappa Nu, and 
Sigma Xi. 

N. E. Lindenblad (M'34—SM'43) was 
born on October 30, 1895, in Norrkoping, 
Sweden. He attended the Norrkoping Tech-
nical Evening School during 1911 and 1912, 
and the Norrkoping Polytechnic Institute 
from which he received the ME, degree 
in 1915. He joined the Swedish Army Sig-
nal Corps in 1915. From 1916 to 1919 he 
studied electrical engineering at the Royal 
Institute of Technology in Stockholm, after 
which he came to the United States. 
Mr. Lindenblad was associated with the 

General Electric Company until September, 
1920, when he joined the Radio Corporation 
of America, where he is now located. His ma-
jor activity has been antenna design, de-
velopment, and research. He was the recipi-
ent of the Modern Pioneer Award of the 
National Association of Manufacturers in 
1940, and was expert consultant to the 
Secretary of War during World War II. 

J. 0. NICNALLY 

J. 0. McNally (J'24—A'26—SM'44) was 
born in Fredericton, New Brunswick, Cana-
(Ia, in 1903. He received the B.S., degree in 
electrical engineering from the University of 
New Brunswick in 1924, and joined the tech-
nical staff of the Bell Telephone Labora-
tories, Inc., the same year. Since then, he has 
been engaged in the development of electron 
tubes of various types. 

For a biography and photograph of JotiN 
W. MILES, see page 1331 of the November, 
1947, issue of the PROCEEDINGS OF THE 
I.R.E. 

Greenleaf W. Pickard 'M'12—F'15) was 
born on February 14, 1877, in Portland, 
Maine. He has been associated with radio 
since 1901, when he became engineer for 
the American Wireless Telegraph and Tele-
phone Company. In 1902, he was made chief 
engineer for the Federal Wireless Telegraph 
and Telephone Company. Later, he joined 

GREENLEAF W. PICKARD 

the American Telephone and Telegraph 
Company, remaining until 1907, when he 
organized the Wireless Specialty Apparatus 
Company, which became the R.C.S. Victor 
Company of Massachusetts. From 1942 to 
1945 Mr. Pickard was director of research 
for the American Jewels Corporation. He is 
now associated with the firm of Pickard and 
Burns, consulting engineers. 
Mr. Pickard received the I.R.E. Medal 

of Honor in 1926 for his "contributions as to 
crystal detectors, coil antennas, wave propa-
gation and atmospheric disturbances." Ile 
also was the recipient of the Armstrong 
Medal of the Radio Club of America in 
1940. lie has served on numerous I.R.E. 
committees, including the Board of Editors, 
Constitution and Laws, Wavelength Regu-
lation, and Wave Propagation, and was ac-
tively associated with the organization of the 
Boston Section, in 1914. Mr. Pickard was a 
member of both the Wireless Institute and 
the Society of Wireless Telegraph Engineers, 
when these two organizations fused into the 
present I.R.E. on May 13, 1912. 
Mr. Pickard is a Fellow of the American 

Academy of Arts and Sciences, as well as of 
the American Institute of Electrical Engi-
neers and the Radio Club of America. He 

R. V. POUND 

also holds membership in the American 
Geophysical Union, the American Meteoro-
logical Society, and is a life member of the 
Soczett des Radoelectrkiens. 

R. V. Pound was born on May 16 1919, 
at Ridgeway, Ontario, Canada. In 1941 he 
received the B.A. degree in physics from 
the University of Buffalo. From 1942 to 
1946 he was a staff member of the Radiation 
Laboratory at the Massachusetts Institute 
of Technology, engaged in the development 
of microwave circuits, especially those for 
the use of crystal rectifiers as frequency 
convertors. In 1945 Mr. Pound was elected 
a Junior Fellow of the Society of Fellows at 
Harvard University, which appointment he 
now holds. 

William G. Shepherd (A'42) was born 
on August 28, 1911, at Fort William, On-
tario, Canada. He received the B.E.E. de-
gree in 1933, and the Ph.D. degree in physics 
in 1937, from the University of Minnesota. 
From 1933 to 1937, Dr. Shepherd was a 

teaching fellow in physics at the University 
of Minnesota. Since 1937 he has been a 
member of the technical staff of the Bell 
Telephone Laboratories, Inc, engaged in 
nonlinear circuit research until 1939, and 
since in electronics research and develop-

WILLIAM G. STIEPIU-pp 



1947 Contributors to the Proceedings of the I.R.E. 1517 

GEORGE SINCLAIR 

ment. He is a member of the American Phys-
ical Society and Sigma Xi. 

0:11 

George Sinclair (A'37-SM'46) was born 
in Hamilton, Ontario, Canada, on Novem-
ber 5, 1912. He received the B.Sc degree in 
electrical engineering in 1933 and the M.Sc. 
degree in 1935 from the University of 
Alberta, and the Ph.D. degree in 1946 from 
the Ohio State University. Dr. Sinclair was 
an instructor in electrical engineering at the 
University of Alberta for one year, and 
engineer for the Northern Broadcasting 
Corporation for two years. 
From 1941 to 1947 Dr. Sinclair was a re-

search associate in the department of elec-
trical engineering of the Ohio State Univer-
sity, supervising the research program of the 
Antenna Laboratory. He is now an assistant 
professor of electrical engineering at the 
University of Toronto. 

Harlan T. Stetson (A'31) was born in 
Haverhill, Mass., on June 28, 1885. After 
graduating from Brown University, he re-
ceived the Sc.M. degree from Dartmouth 
College in 1910, and the Ph.D. degree from 
the University of Chicago in 1915. He was 
associated with the physics department at 
Dartmouth for four years, and later taught 

HARLAN T. STETSON 

astronomy and mathematics at Northwest-
ern University. From 1916 to 1929, while he 
was an assistant professor of astronomy at 
Harvard University, Dr. Stetson became as-
sociated with Mr. Pickard in the investiga-
tion of the effect of sunspots on radio recep-

ERIC W. VAUGHAN 

4,• 

tion. From 1929 to 1934 Dr. Stetson was 
Perkins professor of astonomy at Ohio Wes-
leyan University and director of the Perkins 
Observatory, as well as lecturer at Ohio 
State University. He returned to Harvard 
in 1934 as a research associate in geo-
physics. He joined the Massachusetts Insti-
tute of Technology in 1936 and is the di-
rector of the Cosmic Terrestrial Research 
Laboratory at Needham, Mass. 
Dr. Stetson is the author of numerous 

papers on solar activity, radio reception, 
and ionization of the upper atmosphere. He 
has been chairman of the Special Committee 
on Cosmic Terrestrial Relationships of the 
American Geophysical Union,  National 
Research Council, since 1938. He is the 
author of "Man and the Stars," "Earth, 
Radio and the Stars," "Sunspots and Their 
Effects," and a forthcoming book, "Sun-
spots in Action." 

Eric W. Vaughan (A'40-M'44) was born 
in Rangely, Maine, on November 1, 1916. 
He received the A.B. degree in physics in 
1938, and the A.M. degree in 1940, from Dart-
mouth College. He was a graduate student 
at the Ohio State University from Septem-
ber, 1940, to January, 1942, and then an in-
structor in the department of electrical en-
gineering for one semester. 
Mr. Vaughan became a research associ-

ate in June, 1942, working on wartime re-
search projects of the Ohio State University 
Research Foundation until December, 1945. 
Mr. Vaughan is now with the Superior 
Electric Company, Bristol, Conn. 

Albert Weiss was born on February 5, 
1912, in New York, N. Y., and studied at 
George Washington University, in Wash-
ington, D. C. In 1935 Mr. Weiss was em-
ployed by the United Transformer Company, 

ALBERT WEISS 

and later by the White Sound Company. 
Since 1941 he has been serving as radio en-
gineer with the ordnance development divi-
sion of the National Bureau of Standards. 

4.4„. 

Harold A. Wheeler (A'27-M'28-F'35) 
was born in St. Paul. Minn., on May 10, 
1903. He received the B.S. degree in physics 
from George Washington University in 
1925. From 1925 to 1928 he pursued post-
graduate studies in the physics department 
of Johns Hopkins University, and lectured 
there during 1926 and 1927. He was em-
ployed as laboratory assistant in the radio 
section of the National Bureau of Stand-
ards in 1921, leaving in 1923 to assist 
Professor Hazeltine and later to join the 
Hazeltine Corporation in 1924. He was in 
charge of their Bayside laboratory from 
1930 to 1937, and advanced to the position 
of vice-president and chief consulting engi-
neer of Hazeltine Electronic Corporation. 
In 1946 Mr. Wheeler opened his own 

consulting office in Great Neck, N. Y. 
He is now also president of Wheeler Labora-
tories, Inc., an engineering organization en-
gaged in consultation and the construction of 
special equipment. Mr. Wheeler is a Fellow 
of the American Institute of Electrical En-
gineers, and a member of Sigma Xi. He re-
ceived the Morris Liebmann Memorial 
Prize in 1940, and was a member of the 
Board of Directors of the I.R.E. in 1934, 
and from 1940 to 1945. 

HAROLD A. WHEELER 



1518  PROCEEDINGS OF THE I.R.E. December 

Correspondence 

Multifrequency Bunching in 
Reflex Klystrons* 

During the development of wide-tuning-
range reflex klystrons at the Raytheon 
Manufacturing Company, it has recently 
been observed that spurious higher-fre-
quency oscillations may occur simultane-
ously with the desired lower-frequency 
oscillation. At first, these spurious oscilla-
tions were believed to be one of the ordinary 
(n+t) repeller modes. However, a more 
careful examination of the phenomenon in-
dicated the following peculiarities: 
(a) The spurious oscillations occurred 

only in the presence of a vigorous oscillation 
of the desired frequency. 
(b) The spurious oscillations occurred at 

a repeller voltage that is roughly midway 
between the mode voltages ordinarily re-
quired to sustain the spurious-frequency 
oscillations in the absence of the low-fre-
quency oscillation. 
In an effort to explain this phenomenon, 

an analysis was made of the bunching action 
in a reflex klystron when several sinusoidal 
voltages of different frequencies exist simul-
taneously across the interaction gap. The 
analysis shows that the presence of a vigor-
ous low-frequency oscillation may result in 
a sign reversal of the electronic admittance 
at a higher frequency, and that, as a result, 
stable higher-frequency oscillations may 
simultaneously be obtained when the reflex 
transit time corresponds to (ti-l-}) cycles 
(at the higher frequency). That is, the 
change in sign resulting from the compres-
sion effect of the low-frequency oscillation 
requires that the transit angle be altered by 
180 electrical degrees. This explains the 
necessity for the repeller voltage Leing mid-
way between the mode voltages ordinarily 
required in the absence of the compression. 
The expressions for the electronic admit-

tances were found to be 

Vi  ) J2-12TNI MIJO  X  2./1( X1) 2   v . 
122  A 

(1) 

N2 xl  ) 211( X2) 
Y2  j2—i2111 41 2-10 

221  422 

where N is the transit time in cycles, X is 
the bunching parameter, and Al is the zero-
signal admittance—each at its respective 
frequency. Starting with (1), it may be 
shown that, even though the electron stream 
simultaneously presents a negative elec-
tronic conductance at both frequencies, the 
modes of oscillation may be dynamically 
unstable. For example, the N1=-4i-cycle 
mode may be shown to be unstable and ordi-
narily recessive to the N,'2-cycle mode. 
It is suggested that the excessive noise some-

• Received by the Institute, August 28, 1947. A 
comprehensive paper on the same subject has been 
concurrently submitted to the Institute for publica-
tion consideration. 

times found in klystrons may be attributed 
to a "fighting action" between a dominant 
and a recessive unstable mode of oscillation. 
The general expression for the admit-

tance at the first frequency may be shown to 
be 

Yi= —je-a*N1-2-1-L EJ5(X1)..1.(NIX2/N2)e1n. (2) 
Xi (5.n) 

where 4) is the initial phase angle between 
the two sinusoidal voltages, ind the integer-
pairs (k, n) are all values (positive and nega-
tive) that satisfy the equation 

(1 + k)Ni = — nN2.  (3) 

When NI and N2 are incommensurable, the 
only integer pair that satisfies (3) is k= —1 
and n=0, and equations (1) result. When 
NI and NI are exactly in the ratio of two 
integers, other pairs arise and the corre-
sponding terms in (2) must be included. By 
symmetry, the electronic admittance at the 
other frequeucy of oscillation may be found 
by interchanging subscripts in (2) and (3). 
The expressions derived from (2) for the 
case where N2/Ni =2 have been found to 
agree with the experimental data on the 
generation of second-harmonic power in a 
reflex klystron. 

W. H. HUGGINS 
Air Materiel Command 
Watson Laboratories 
Cambridge, Mass. 

Comparison of Primary and 
Secondary Radar System* 

I have read the recent paper by Hult-
gren and Hallman' and would like to com-
ment on certain phases of the mathematics 
used in this paper. I refer particularly to 
Part I, Section 13 A. 
First, the use of units or dimensions of 

the various terms used in the equations is 
not consistent. It should be remembered 
that the dimensions of the various terms of 
an equation may be handled as a parallel 
auxiliary equation. Thus, in the equation for 
a tangential signal, AbSt=3N, Ab= meter' 
and .5, watts/meter2. The dimension of the 
term N is not defined in the text, but may be 
derived from the known terms of the equa-
tion. Thus 

Ab•S, = 3N 

meters'  watts 
  = watts. 
meters' 

Turning now to (la) and (lb) of the Hult-
gren and Hallman paper, and applying 
dimension equations to each as was done 

• Received by the Institute. August 25, 1947. 
R. D. Hultgren and L. B. Hallman. Jr., •The 

theory and application of the radar beacon.' PROC. 
I.R.E., vol. 35, pp. 716-730; July, 1947. 

above, it becomes evident that the term 2N 
is not watts/ meter' but simply watts. Since 
N as not clearly defined by the authors, this 
discrepancy is confusing until the reader 
peruses the paper further and definitely de-
termines that the dimension of N is watts. 
Another point I should like to make is 

that the expression for the average absorp-
tion cross section of resonant dipoles oriented 
at random is given as X2/42-2, instead of 
X2/4w as stated in the paper. Equation (5) is, 
therefore, incorrect, the correct equation 
being Ab=X2Gb/4r. Substituting this value 
for A5 in the equation for a tangential signal, 
it is found that Gb=3N(4irr)2/X2G0Pt, which 
would not have been the case had the term 
X'/4ir been used to derive the expression for 
A6. 

MAURICE V. GOWDEY 
1135 Trenton Avenue 
Bremerton, Wash. 
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CEEDINGS OF THE I.R.E., papers presented at 
Conventions, or papers presented at Section 
meetings. Reprints of PROCEEDINGS can be 
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lication and in quantities of fifty or more 
copies. However, the following three papers 
are available in reprint form and may be 
obtained by writing to the Institute. 
"Radar," by Edwin G. Schneider, pub-

lished in the August, 1946, issue of the 
PROCEEDINGS OF THE I.R.E. Price, $0.50. 
"The Presentation of Technical Devel-

opments Before Professional Societies," by 
William L. Everitt, published in the July, 
1945, issue of the PROCEEDINGS OF THE 
I .R.E. Obtainable on request without charge. 
"Preparation and Publication of I.R.E. 

Papers," by Helen M. Stote, published in 
the January, 1946, issue of the PROCEED-
INGS OF THE I.R.E. Obtainable on request 
without charge. 
Please address your inquiries to: 
The Institute of Radio Engineers, Inc. 
1 East 79 Street 
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Notice 
The new I.R.E. television stand-

ard,  "Standards on  Television: 
Methods  of Testing Television 
Transmitters-1947," is now avail-
able. The price is $0.75 per copy, 
including postage to any country. 
Orders may be sent to The Insti-

tute of Radio Engineers, Inc., 1 
East 79 Street, New York 21, N. Y., 
enclosing remittance and the ad-
dress to which copies are to be sent. 
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Institute News and Radio Notes 

Board of Directors 

October 8, 1947 

Final Report of Office Quarters Com-
mittee. Mr. Heising, Chairman of the Office 
Quarters Committee, presented the final 
report of the Committee, a copy of which 
had been distributed. Following a discus-
sion, Dr. Everitt moved that the report of 
the Office Quarters Committee, dated Oc-
tober 6, 1947, be accepted and that the 
Board express its deep appreciation to Chair-
man Heising and the Committee which he so 
ably led, for so successful a completion of 
their task. (Unanimously approved.) 
Report of Planning Committee. Chair-

man Heising presented the report of the 
Planning Committee, dated October 7, 
1947, a copy of which had been distributed. 
This report set forth the plan of having the 
Institute members belong to technical di-
visions called "Groups" according to the 
members' interests, and outlined the organ-
izational plan for these groups. Following a 
discussion, Mr. Lack moved that the Board 
accept the recommendation of the Planning 
Committee and direct the Planning Com-
mittee to formulate and submit a concrete 
plan to inaugurate the group system. 
(Unanimously approved.) 
Proposed Special Member Bylaw. Dr. 

Shackelford,  Chairman of the Consti-
tution and Laws Committee, reported 
the result of the survey made of Board 
• members regarding the proposed Special 
Member Bylaw. After discussion, the fol-
lowing actions were taken: 
a. Age Requirement. Mr. Pratt moved 

that the age limit for the Special Member 
Grade, be 32 years. (Approved.) 
b. Procedure for A pproval of Special 

Member. Mr. Lack moved that the name of 
a candidate for Special Member, presented 
at any Board meeting, shall be voted on at 
the following meeting of the Board, and that 
the proposed Special Member shall be in-
vited to become a Special Member if two-
thirds of the Board members present vote 
in the affirmative. (Unanimously approved.) 

Executive Committee 
October 7, 1947 

Mr. Lack moved that the Office Quarters 
Committee be discharged with an expression 
of grateful appreciation on the part of the 
Executive Committee. This was unani-
mously approved. Mr. Lack also reported 
that six technical committee meetings were 
held during the month of September and a 
number of tentative definitions issued. Tech-
nical Committee work is going forward with 
energy. It is expected that a large number 
of standards and new definitions will be 
brought out in 1948. 
Dr. Goldsmith moved that the educa-

tional directory, part III, Office of Educa-

tion, Federal Security Agency, Washington, 
D. C., be used for determining the standings 
of colleges and universities as applied to the 
schools of recognized standing, as required 
by the I.R.E. bylaws, with the understand-
ing that schools already approved by the 
Board of Directors not appearing in this 
directory, shall continue to have the ap-
proval of the Institute, and that accredited 
representatives be accepted from all schools 
included in the above categories. This was 
unanimously approved. 
It was moved by Mr. Henney that the 

. National Chiao-Tung University, Shanghai, 
China, be approved as a school of recog-
nized standing. This received unanimous ap-
proval. 
The final report of the 1947 National 

I.R.E. Convention Committee was sent to 
the members of the Executive Committee 
with the suggestion that it be used as a guide 
for future convention committees. It was 
proposed that a letter of thanks be sent to 
Mr. Bassett of the Sperry Gyroscope Com-
pany, thanking him for his co-operation and 
pointing out the magnificent job done by 
Dr. J. E. Shepherd. 
The following candidates were unani-

mously approved for membership on the 
I.R.E. Nuclear Studies Committee: W. R. 
G. Baker, R. M. Bowie, chairman (alternate: 
P. R. Bell), W. F. Davidson, J. B. Fiske 
(alternate: L. E. Rassmussen), H. H. Gold-
smith, Andrew Haeff, Keith Henney, M. M. 
Hubbard, W. H. Jordan, Thomas Killian, 
Serge Korff, R. A. Krause, J. B. H. Kuper, 
F. R. Lack, W. K. Parsons (alternate: C. B. 
Laning), J. E. Rose (alternate: F. R. 
Shonka), S. M. Van Voorhis, John Victoreen, 
R. S. Warner, Jr., J. R. Weisner. 

I.R.E. SUBSECTION FOR 
NORTHERN NEW JERSEY 
The Northern New Jersey Subsection 

of the New York Section of The Institute of 
Radio Engineers was formally organized 
Wednesday, October 8, 1947, in the Boon-
ton, N. J., High School auditorium. J. E. 
Shepherd, Chairman of the New York 
Section, spoke to the group and informed 
them that the objective was in line with the 
I.R.E. policy of greater decentralization. 
The new subsection would make it more 
convenient for the more than 1000 radio 
engineers in the northern New Jersey area 
to attend the meetings. It would also in-
crease the number of papers that could be 
delivered in the cpurse of the year and im-
prove the opportunity for discussion after 
the papers. Mr. Shepherd appointed Jerry 
B. Minter, Chief Engineer of Measurements 
Corporation, Boonton, N. J., Chairman of 
the Subsection. John H. Redington of Tech-
nical Devices, Roseland, N. J., Vice-Chair-
man, and A. W. Parkes, Jr., of Aircraft Radio 
Corporation, Boonton, N. J., as secretary, 
pending formal elections at a later date. The 
I.R.E. Executive Committee responsible for 
the new organization consists of three ap-
pointed officers plus Murray G. Crosby of 
Paul Godley, Inc., C. J. Franks, Consulting 
Engineer, H. W. Houck of Measurements 
Corporation, W. D. Loughlin of Boonton 
Radio Corporation, John F. Morrison of 
Bell Telephone Laboratories, Inc., and A. G. 
Richardson of Federal Telecommunication 
Laboratories, Inc. 
J. R. Pierce of Bell Telephone Labora-

tories described recent developments in the 
traveling-wave tube, a new electronic tube 

TEMPORARY EXECUIIVE COMMITTEE OF THE NE WLY-ORGANIZED NORIHERN 
NE W JERSEY SUBSECTION OF THE NE W YORK SECTION OF 

THE INSTITUTE OF RADIO ENGINEERS 

Top row, left to right: H. W. Houck, C. J. Franks, John H. Redington. 
Bottom row, left to right: John F. Morrison, Jerry B. Minter, A. W. Parkes. 
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capable of amplification in one of its models 
of 20 decibels at 4000 megacycles. The tube 
is expected to be valuable in the problem of 
sending television signals over long dis-
tances by radio relays. Radio engineers 
throughout the world are watching its de-
velopment with considerable interest. 

ADMINISTRATION OF RESEARCH 
CONFERENCE 
A conference on the administration of 

research, sponsored by the school of engi-
neering of Pennsylvania State College, was 
held at this institution on October 6 and 7, 
1947. 
Two hundred leaders of research manage-

ment from industrial, educational, and gov-
ernmental laboratories in the United States 
and Canada registered for the conference. 
The first meeting was called to order by 
Dean Hammond of the school of engi-
neering, who introduced Dr. J. A. Hutche-
son (A'28—M'30—SM'43), associate director 
of the research laboratories of Westing-
house Electric Corporation. Among the 
speakers, Mr. Maurice Holland presented 
the subject, "The Place of Research in the 
Corporate Structure," and Dr. R. L. Jones 
spoke on "Organization by Scientific Divi-
sion." This was followed by a paper by Dr. 
G. H. Young, "Organization by Individual 
Projects." 
Dr. Philip M. Morse, director cf Brook-

haven National Laboratories, led the after-
noon meeting on October 6. The speakers 
were: Dr. Dwight E. Gray, Dr. L. Warring-
ton Chubb, and Dr. Edward U. Condon. 
Col. Leslie E. Simon, director of Ballistic 
Research Laboratories, Aberdeen Proving 
Ground, spoke at the Monday evening din-
ner on "German Research in World War 
II" from personal investigation of German 
research laboratories made since the war. 
Speakers on October 7 were Dr. Jesse E. 

Hobson, Commodore Henry A. Schade, and 
Dr. Blaine B. Wescott. Dr. Paul D. Foote 
used Dr. Wescott's presentation as a basis 
for a further discussion of Analyses of Re-
search Costs. "Selection and Training of 
Research Personnel" was the subject of a 
paper by Dr. Albert W. Hull. 
Proceedings of this conference will be 

published. Those who desire a copy of these 
proceedings may order it from Prof. Ken-
neth L. Holderman, Pennsylvania State 
College, State College, Pa., Price $3.00. 

West Coast I.R.E. Convention 
Climaxed by a banquet at the Rose 

Room, Palace Hotel, San Francisco, at which 
Frederick E. Terman, Past President, I .Rh. 
was guest speaker, the postwar West Coast 
I.R.E. Convention was brought to a success-
ful conclusion on September 26, 1947. 
With an attendance of 753, including not 

only West Coast members, but engineers 
from all parts of the United States, some 
twenty-five papers were presented which 
covered the general field of radio and elec-
tronics. The convention, which was held Sep-
tember 24, 25, and 26, was effectively sup-
plemented by exhibits of. the West Coast 
Electronic  Manufacturer's  Association 
which were open to I.R.E. convention regis-
trants. 
A varied program of papers covered the 

subjects of frequency modulation, instru-
mentation, television, electronic devices, and 
the application of electronics to military 
needs. Important developments in the use of 
electronics in the field of atomic energy were 
discussed by representatives of the Univer-
sity of California and Stanford University. 
The military described some of the technical 
problems of communication with which they 
are presently confronted and, among other 
things, reported on the telemetering of guided 
missiles. 
Frequency modulation was covered by 

several papers which discussed the problems 
of detection and interference of signals, and 
also the generation of high power at the fre-
quencies presently allocated. A newly-devel-
oped method of monitoring f.m. stations was 
also described which measures the mean fre-
quency of the carrier, distortion, frequency 
response, and provides for over-modulation 
alarm. 
Some of the varied applications of elec-

tronic tubes and circuits were described in-
cluding a method to determine the velocity 
of a shell as it leaves the gun barrel, and the 
detection of flaws in metal castings and forg-
ings, both by methods reminiscent of radar 
techniques applied during the war. 
The Bell Telephone Laboratories pre-

sented a report on the progress of their New 
York to Boston radio relay experiment. Op-
erating in the 3700- to 4200-megacycle band, 
seven repeater stations are spaced about 

thirty miles apart, between the two termi-
nals. With a radiated beam width of but a 
few degrees, two two-way channels will be 
provided and will be capable of accommo-
dating several hundred telephone conversa-
tions, or a television broadcast in each direc-
tion. 
It is hoped that some of the papers pre-

sented before the convention will be pub-
lished in future issues of the PROCEEDINGS. 
A number of inspection trips were in-

cluded in the convention program. Visits to 
Naval installations, the University of Cali-
fornia cyclotron, laboratories of Stanford 
University, National Advisory Committee 
for Aeronautics, Eitel-McCullough, and Ra-
dio Stations KWID and KWIX were well 
attended and offered opportunities to ob-
serve their general operation. 
An interesting program of entertainment 

for the ladies included a welcoming tea, 
sightseeing tours, and radio broadcast. 

NAB HOLDS ENGINEERING 
CONFERENCE AND ROUNDTABLE 

A day-long engineering conference marked 
the opening of the National Association of 
Broadcaster's annual convention which took 
place at Atlantic City on September 15. 
Judge Justin Miller, president of the NAB, 
gave the welcoming address. Both industry 
and government presented papers. 
The morning session opened with a dis-

cussion entitled, "Recent Television De-
velopment," with particular emphasis on 
photography of kinescope images, and with 
a description of the Washington and New 
York NBC television stations. Paul A. de 
Mars, f.m. pioneer, spoke on "Frequency 
Modulation Broadcast Station Construc-
tion." The final paper of the morning 
brought John D. Colvin, audio facilities 
engineer of ABC, to the podium with an 
illustrated talk on "Audio Consideration for 
Broadcast Stations." 
One of the major problems facing engi-

neers in modern radio allocation was 
brought to the fore in the afternoon session 
when Dixie B. N1cKey presented his lecture 
on "Directional Antennas, Their Care and 

The Speaker's table at the West Coast I.R.E. Convention banquet, held in the Rose Room at the Palace Hotel, San Francisco, on Sep-
tember 26, 1947. Left to right: Laurence G. Cumming, technical secretary, I.R.E., Earl Scott, Portland, Oregon Section, I.R.E., Wallace  
Wahlgren, president, West Coast Electronic Manu facturer 's Association, Captain Rawson Benne tt, chairman,  San  Diego  Section,  I.R.E.,  
Dr. F. E. Terman, Past President I.R.E., dean of engineering, Stanford University, Professor Karl Spangenberg, convention chairman, 
department of electrical engineering, Stanford University, Rear Admiral J. R. Redman, U.S.N., deputy  commander,  Western  Sea  Frontier,  
Col. L. C. Parsons, signal officer, Sixth Army Presidio, San Francisco, George W. Batley, executive secretary, I.R.E., and Bernard Walley, 
secretary, Los Angeles Section, I.R.E. 
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I Maintenance." George P. Adair, former 
r chief engineer of F.C.C. and a radio engineer-
ing consultant in Washington, spoke on the 
"Technical Regulation of Radio." He in-
cluded in this paper the problem of operator 
: licensing requirements. 

The final session was the F.C.C.-in-
dustry engineering roundtable. The com-
mission representatives, headed by chief 
engineer George E. Sterling, were: Dr. John 
A. Willoughby, assistant chief engineer; 
James E. Barr, chief, standard broadcast 
division; Cyril M. Braum, chief, f.m. 
broadcast division; and Curtis B. Plummer, 
chief, television broadcast division. Those 
appearing on the roundtable answered regu-
latory engineering problems presented by 
the engineers in attendance. 

ANNUAL REPORT 
JUNE 7, 1947 

CANADIAN COUNCIL OF INSTITUTE 
OF RADIO ENGINEERS STANDING 
COMMITTEE ON "MEMBERSHIP AND 
ADMISSION STANDARDS" 

I. The Committee was formed by Dr. 
F. S. Howes, Chairman of the Council on 
July 8, 1946, to give consideration to our 
standards of membership and admission. 
The Committee is composed of the Chair-

men of the Membership Committees of the 
individual sections: J. A. Collins, Montreal; 
R. A. H. Galbraith, Ottawa; H. Langford, 

1 London; W. F. Choat, Toronto; and F. H. R. 
Pounsett, Chairman. 
2. No meetings were held during the 

year, all business being carried on by cor-
respondence. The co-operation of the mem-
bers has been very much appreciated by the 
chairman and a considerable number of 
points have been covered. 

3. Admission Standards 

3.1 Admissions Committee Manual, No-
vember 7, 1945. In general, the definitions 
and explanations in this manual issued by 
Headquarters regarding grades of member-
ship and the required qualifications for same 
appear to be as complete as can be expected, 

considering the wide field covered by the In-
stitute and the multiplicity of types of indi-
viduals from which we recruit our member-
ship. (At least one member of the Commit-
tee was not aware of the existence of this 
manual.) This manual has helped consider-
ably to clarify several points which were pre-
viously in doubt regarding qualifications for 
membership, but the following items could 
be noted with regard to their application in 
Canada. 
3.2 Physicists. Physicists who have train-

ing and professional experience in radio or 
allied fields are qualified. The Institute is not 
now limited to engineers by the very word-
ing of our "Aims and Objects." 
3.3 A teacher, to qualify, must have 

taught in a school of recognized standing and 
not in a trade school, nor should we accept 
teaching experience in a military or war 
emergency school. 
3.4 Schools of recognized standing. The 

list given in the Admissions Manual includes 
only American Institutions and one, added 
by the Board of Directors, in South Africa. 
For purposes of professional standing and 
teaching experience we recommend the addi-
tion of the following: 
Nova Scotia Technical College 
Dalhousie (physics) 
University of New Brunswick 
Laval University 
McGill University 
Ecole Polytechnique 
University of Montreal (physics) 
Queens University 
University of Toronto 
University of Western Ontario (physics) 
University of Manitoba 
University of Saskatchewan 
University of Alberta 
University of British Columbia 
McMaster University (physics) 
Sir George Williams College (physics) 
Professorship in St. Mary's College, 

Acadia College, and St. Francis Xavier Col-
lege, is considered adequate professional 
standing for admission to the Institute 
grades. 
Registration in one of the eight profes-

sional engineering bodies in Canada is con-
sidered adequate standing for admission to 
the Institute grades. 

F  SM  M  VA  A S  Total 

Ottawa 

London 

Ontario* 

Winnipeg S. 
Section 

BC, Alta and Sask. 

Montreal 

2  7  22  5  51  16  103  Decrease 4 
Upgrading by transfer 
to SM  1 
to M  1 

0  4  8  1  69 

3  23  31  21  209 

1  3 1  22 

2  8  5  62 

12  37  26  91 

75  157  Increase 32 

78  365  Increase 35 
Upgrading by transfer 
SM to F  2 
A to SM  1 
A to M  2 

27 

19  96 

37  203 Decrease 16 

951  Net gain of 61 for year 
1946-1947. 

• Including Toronto Section and Hamilton Subsection. 

Calendar of 

CO MING EVENTS 

1948 I.R.E. National Convention 
March 22-25, 1948. 

Action by the Council is requested in or-
der to ratify all or any of the above sixteen 
schools so that we may formally advise 
Headquarters. 
3.5 Professional Associations. It is rec-

ommended that membership in one of the 
Provincial Professional Engineering Asso-
ciations registering bodies be considered 
equivalent for the purposes of admission to 
the Institute, to graduation from a school of 
recognized standing. 
3.6 Examinations. As far as can be ascer-

tained, no engineering associations in Can-
ada require examinations for admission. 

4. Membership 

4.1 Up-grading. A drive to up-grade 
membership has been carried on in all sec-
tions, but the results have been none too en-
couraging. The Committee feels that it is 
most important to raise the professional 
level of our Institute, but it must also be 
borne in mind that up-grading should be 
compatible with the necessary qualifications. 
It appears that one sound method of raising 
the level is the careful selection of new mem-
bers. Our Associate grade is practically wide 
open, whereas this is not the case in all other 
engineering societies. 
4.2 The Membership status of the Sec-

tions as of May, 1947, is given below; the up-
grading is also shown. 

F. H. R. POUNSETT 
Chairman 

Industrial Engineering 
Notes' 
ARMY ELECTRONIC RESEARCH FURTHERED 
BY INDUSTRY AND COLLEGES 
Radio and electronic research is being 

carried on by the following industrial con-
cerns and universities in connection with the 
Signal Corps' broad research program: 
Columbia University: research in con-

nection with the generation and control of 
electromagnetic radiation in the centimeter 
and millimeter regions of the spectrum. 
University of Michigan: study of con-

tinuous-wave and pulsed magnetrons for 
communication purposes. 
General Electric Company: high-power 

continuous-wave magnetrons. 
Sylvania Electric Products, Inc.; tun-

able continuous-wave magnetron tube and 
low drain secondary-emission amplifier tubes 
and filamentary alloys for electron tubes. 
Purdue University: semiconductors for 

use as rectifiers. 
Westinghouse Electric Corporation: cold-

cathode signaling lamp. 
Galvin Manufacturing Corp., (Motorola, 

The data on which these NOTES are based were 
drawn, by permission, from 'Industry Report.' issues 
of October 3, and 10. 1947, published by the 
Radio Manufacturers Association. whose courteous 
co-operation In this matter is gratefully acknowl• 
edged. 
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Inc.): intermediate-frequency systems with 
a high degree of stability and minimum 
band pass. 
Philco Corporation: investigation of fre-

quency-modulated detector circuits and 
automatic relaying in radio relay circuits. 
Armour Research Foundation: tech-

niques and methods for producing improved 
microwave equipment surfaces. 
Polytechnic  Research and  Develop-

ment Company, Inc.: wave-guide mode 
filters and broad-band couplings for wave-
guide application. 
DeMornay-Budd, Inc.: lightweight wave 

guides. 
Sperry Gyroscope Company, Inc,: broad-

band wave guides and wave guide com-
ponents in the "X" and "K" frequency 
bands. 
Northern University: wave-guide mode 

filters. 
Ohio State University: technique of 

using models to determine the character-
istics of low-frequency antennas. 
Washington University. diversity-type 

antenna systems. 
Federal  Telecommunications Labora-

tories, Inc.: thermosetting molding plastics 
and mold inhibitor for plastics and rubbers. 
General Research Laboratories: thin 

self-supporting insulation films for use in 
capacitors. 
Radio Corporation of America: high-

speed facsimile. 
Stromberg-Carlson Company: magnetic 

recording systems. 

NEW DIVISION OF NATIONAL 
BUREAU OF STANDARDS 

The  National Applied Mathematics 
Laboratories, a new division of the National 
Bureau of Standards, will include the Insti-
tute of Numerical Analysis, the Computa-
tion Laboratory, the Statistical Engineer-
ing Laboratory, and the Machine Develop-
ment Laboratory. 
Dr. E. U. Condon, director of the Na-

tional Bureau of Standards, has stated that 
the aim of the new division is to conduct 
research, both government and private, and 
provide services in the field of applied 
mathematics, substituting relatively inex-
pensive calculating for the more costly trial-
and-error experimentation. 

DISCUSSIONS ON RADIO-RELATED SUBJECTS 

Printed circuits and NBS casting resin, 
which were developed by scientists of the 
National Bureau of Standards, were dis-
cussed on October 15 and 16 in Washington, 
D. C. Eleven technical papers were pre-
sented by government and industry repre-
sentatives. The Navy's Aircraft Radio 
and Electronics Committee sponsored the 
printed-circuit meeting on October 15, eval-
uating the techniques, applications and 
limitations of printed circuits, and the 
Standards Bureau sponsored the casting 
resin symposium on October 16. 
The NBS resin, for which the Bureau of 

Standards claims ruggedness, moisture-
proofing, circuit stability, and specialized 
mechanical and electrical properties, has 
suggested many peacetime uses. The focus-
ing of industrial interest on the NBS resin 
prompted the decision to hold the sym-

posium. Among the speakers were Harry 
Diamond, chief of the Ordnance Develop-
ment Division, in which the resin was de-
veloped, and P. J. Franklin and M. Wein-
berg, who were active in its formulation. 

U. S. DEVELOPS 
MECHANICAL MICA SPLITTER 

Wartime research is responsible for a 
mechanical mica splitter which speeds up 
the processes and reduces the period required 
to train skilled splitters. A detailed descrip-
tion of the machine was published in the 
November issue of the "Technical News 
Bulletin" of the National Bureau of Stand-
ards, and may be obtained by sending 10 
cents to the Superintendent of Documents, 
U. S. Government Printing Office, Washing-
ton 25, D. C. 

ATOMIC PHYSICS DIVISION 

Dr. E. U. Condon, director of the Na-
tional Bureau of Standards has announced 
the formation of a division of atomic phys-
ics, including an electronics section and five 
others, in which the Bureau activities relat-
ing to atomic and molecular physics have 
been grouped. 
Functions of the new division include the 

promotion ,of fundamental fact-finding re-
search and determination of fundamental 
standards in the field of atomic physics. Dr. 
Condon will head the new division, with 
Dr. Robert D. Huntoon, former chief of the 
electronics section in the ordnance develop-
ment division, as assistant chief. The six 
sections which make up the new division 
are: Spectroscopy, Electronics, Mass Spec-
trometry,  Radioactivity,  X-rays,  and 
Atomic Physics. 

DETAILS AVAILABLE ON 
NEW GERMAN MAGNETOPHONE 

The office of Technical Services of the 
Department of Commerce, released addi-
tional data on the German Magnetophone. 
This report, which is now on sale, contains 
a full description of the amplifier unit, prin-
ciples of operation, care and handling of 
tapes, lubrication, and technical and other 
data (including new features) for the "K4" 
and "K7" Magnetophones, and includes a 
list of their parts with circuit diagrams. An 
appendix contains a description of the 
manufacturing processes. 
Orders for the report (PB-79558; mimeo-

graphed, $3.50) should be addressed to the 
Office of Technical Services, Department of 
Commerce, Washington 25, D. C., and 
should be accompanied by check or money 
order, payable to the Treasurer of the 
United States. 

SUPPLEMENT FOR COMMODITY 
SPECIFICATION DIRECTORY 

The 1945 edition of the National Direc-
tory of Commodity Specifications has been 
enlarged by a supplement issued in Septem-
ber, 1947. The Directory and Supplement 
combined now list by name, number, and 
issuing or sponsoring organization, all stand-
ards, specifications, and methods of test in 
general use for commodities produced in or 
purchased by this country. 

Copies of the Supplement and Directory 
(Miscellaneous Publication M178) may be 
obtained from the Superintendent of Docu-
ments, Government Printing Office, Wash-
ington 25, D. C., for $4.00 and $2.25, re-
spectively. 

To REPLACE CAIRO CONVENTION 

F.C.C. chairman Charles R. Denny 
headed the delegation of the United States 
which was one of the 78 signatory nations to 
promulgate new world radio regulations at 
Atlantic City this past summer. These regu-
lations cover all phases of international radio 
communications. The Atlantic City Con-
vention, when ratified by the U. S. Senate 
and other signatory nations, will replace the 
Cairo Convention as the radio law of the 
world. 

SIGNAL CORPS' 21 MILLION 
FOR ELECTRONICS 

A breakdown of the Signal Corps' 21-
million-dollar fund for electronics is planned 
as follows: $6,400,000 allocated for field 
radio, $210,000 for radio and radar equip-
ment for army boats, and $2,000,000 for 
meteorological equipment. Of its $8,000,000 
allotment for research and development 70 
per cent will be spent in the electronic field: 
$1,287,000 for transmitters and diversity 
receivers in the administrative radio net-
work with an added $1,852,002 for the sys-
tem's fixed plant. The proposed outlay for 
electronic parts will be $498,000, and 
$920,000 for the army airways communica-
tion system. Because of the delay in Con-
gressional approval of funds for the 1948 
fiscal year, only a small portion of these 
amounts has thus far been obligated. 

84 MILLION IN NAVY 
ELECTRONIC PURCHASES 

The Electronic Division of the U. S. 
Navy has been allocated over 84 million 
dollars for procurement of radio and elec-
tronic equipment, and parts for the 1948 
fiscal year. Proposed allotments are as fol-
lows: $2,500,000 for ship radio; $8,540,000 
for ship radar; $5,000,000 for sonar; 
$2,260,000 for countermeasures; $1,200,000 
for cryptographic and analytical develop-
ments; $14,272,000 for the Marine Corps; 
$7,700,000 for shore radio and radar; 
$1,200,000, nancy; $300,000 for patents; 
$9,128,000 for electron tubes; and $11,500,-
000 for component parts. Under "shore 
funds," the Division will spend $2,500,000 
for shore  improvements;  $875,000 for 
schools, and $17,100,000 for investigations 
and tests. 
This program of expenditures, which got 

under way the latter part of September, 
1947, does not include the program of the 
Bureau of Aeronautics or the Ordnance 
Bureau, which are receiving separate funds 
for their radio and electronic needs. 

NAVY REVISES LIST OF RADIO BIDDERS 

The Bureau of Ships of the U. S. Navy 
Department has revised its "master list" of 
all interested, qualified contractors to give 
each such contractor an equal opportunity 
to submit bids for electronics equipment 
specified by the Electronics Division. 
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To be placed on the list, contractors must 
request action and submit proof as to their 
(1) technical ability, (2) security of plant 
and personnel (if work on classified contracts 
is desired), (3) facilities, and (4) financial 
responsibility. 

AIRLINE RADIO EQUIPMENT STANDARDS 

By request of the Civil Aeronautics Ad-
ministration, minimum standard perform-
ance requirements for communications and 
radio navigational equipment for air carriers 
will be adopted as a technical standard order. 
This order will supplement former require-
ments for individual-type certifications. 
Manufacturers will not be required to sub-
mit any data to the C.A.A., but will have 
to certify that their products comply with 
the technical standard order. Study and 
preparation of this has been placed in the 
hands of the Radio Technical Commission 
for Aeronautics, of which RMA is a member. 

TELEVISION, MOBILE CHANNEL ARGUMENT 

Oral argument on the F. C. C.'s proposal 
to reallocate certain frequencies in the 
bands 44-50 and 72-78 megacycles, which 
has elicited considerable interest on the part 
of the television broadcasters, general 
mobile  communications operators,  and 
equipment manufacturers, got underway on 
October 13. 

UNIQUE TELEVISION PLAN IN DALLAS 

Roger Lacey and Tom Potter, Texas oil 
men, were granted a permit by the F.C.C. 
on September 11 for the construction of a 
commercial television station in downtown 
Dallas where they plan to build a 47-story 
. hotel. Besides being the site for the tele-
vision station, the hotel will be equipped 
with a television receiver in each room. 

RADIO AND TELEVISION RECEIVER 
PRODUCTION INCREASE 

The month of August marked the first 
increase in radio and television receiver pro-
duction since the peak was reached last 
April. The number of receivers manufac-
tured by the RMA member-companies 
from January to August inclusive was 
11,031,935; f.m.-a.m., 588,226; television, 
68,669. Production of television receivers in 
August surpassed the June record by 719 
sets, bringing the total to 12,203 sets for that 
month. 

JULY RADIO EXPORTS 
The export figures for radio equipment 

and parts dropped to $8,862,325 in July, 
1947, from an 11-million-dollar mark in 
June. It rose slightly, however, in point of 
units shipped, from 6.3 million in June to 
6.8 million in July, The accumulated export 
quantities for the first seven months of 1947 
was 55,219,978 items, with a value of 
$69,049,289. 

TEST RADIO DIRECTION 
FOR TELEVISION SHOWS 

Under its new construction permit and 
I license for an experimental Class 2 station, 

the National Broadcasting Company will 
use industrial, scientific, and medical fre-
quencies for testing radio direction in pro-
ducing television plays. The directors will 
receive instructions from the control booth 
through lightweight receivers. 

BROADCASTERS URGED TO 
ENTER TELEVISION F.M. FIELD 

Speaking at a National Association of 
Broadcasters luncheon September 17, F.C.C. 
Chairman Charles R. Denny outlined some 
of the unlimited potentialities of television. 
He urged broadcasters who have not applied 
for f.m. facilities to "reexamine their posi-
tion" and to take note of the new Conti-
nental Network of f.m. stations as a "spot 
- on the horizon" well worth watching. He 
then went on to describe an imaginary f.m. 
set of the future with ten push buttons, four 
of which might provide established network 
programs, and two carrying independent 
programs via f.m., while the other buttons 
might be labeled classical music, dance music, 
features, and news. The" news" button could 
be pushed at any hour of the day to get a 
15-minute news summary. 

TELEVISION AND HIGH SPEED FACSIMILE 

Brigadier-General David Sarnoff (M'25— 
F'30), president and chairman of the board 
of the Radio Corporation of America, Fel-
low and former Secretary of the I.R.E., ad-
dressed the Chicago Council on Foreign 
Relations on September 12, 1947. In his 
address, General Sarnoff pointed out that 
the development of television has brought 
about a new problem in the field of human 
rights. 
"This extension of television is nearer 

than most people may realize," he said. 
"When nation-wide broadcasting began, it 
was only five years before listeners overseas 
were picking up the broadcasts, and before 
long,  regularly  scheduled  international 
broadcasts became an established fact. 
Therefore, in looking ahead, we may reason-
ably expect that international television will 
follow much the same pattern of progress. In 
fact, it may develop more rapidly because 
the foundation is laid by international sound 
broadcasting. Already the scientific prin-
ciples and means for world-wide television 
are known. No technical problem is involved 
that money cannot solve." 
He stressed the awareness of the new 

human right, "Freedom to look," which he 
believes will be as important as "Freedom to 
listen." International television will mean 
intracontinental connections as well. "Such 
television," he affirmed, "has broad possi-
bilities in portraying the way of life of one 
nation to another. For example, discussion 
in the press or on the radio of a food shortage 
is one way of imparting information, but to 
be able to see hungry men, women, and 
children in breadlines would help more for-
tunate people to visualize instantly the dire 
circumstances and basic needs of their fel-
low man." 
Continuing his remarks, General Sarnoff 

described a novel method of facsimile com-
munication based on the utilization of tele-
vision principles. He said, "In our lifetime 

we have witnessed the evolution of inter-
national radio in its various forms of serv-
ice; we have seen the manually operated 
telegraph key give way to high-speed auto-
matic printers. Words no longer travel at 
25 words a minute, but at 600, and next 
month, for the first time in a public demon-
stration, a new and revolutionary system of 
radio communication, 'ultrafax,' capable of 
handling a million words a minute, will be 
revealed by the RCA, in Washington, 
D. C. 
"Ultrafax is a combination of radio and 

television. It is essentially a radio mail bag 
to flash documents, newspaper pages, letters, 
maps, drawings, balance sheets, or, in fact, 
any written message, in any language. It 
will be received at its destination as an error-
free facsimile of the original. 
"Nothing else known to man can span 

the world as fast as a radio wave for it travels 
with the speed of light: 186,000 miles a 
second! Ultrafax is capable of transmitting 
the equivalent of 40 tons of airmail, coast-
to-coast, in a single day; a 500-page book 
in half a minute and a Sunday metropolitan 
newspaper including the comics in one 
minute! 
"Indeed, the radio of today will not be 

the radio of tomorrow. The opportunities of 
radio as we now see them on the inter-
national horizon will change with even 
greater speed than they did when the first 
feeble transatlantic wireless signal in 1901 
served as the thread out of which a global 
communication system has been woven. 
"Today, science makes it possible for 

radio to serve all parts of the world instantly. 
Therein lies the greater responsibility for 
the leaders of all nations to encourage its 
proper use and to serve the peoples of the 
world whose yearning is for peace." 

302 F.M. STATIONS AND 
12 TELEVISION STATIONS 

Six new f.m. stations went on the air the 
early part of September, 1947, bringing the 
total number of f.m. stations to 302 as of 
October  2.  The  new  stations  are: 
WKYC, Paducah, Ky.; WTFM, Tiffin, 
Ohio; WJBY-FM, Gadsden, Ala.; KSFH, 
San Francisco, Calif.; KRJM, Santa Maria, 
Calif.; and WJPG-FM, Green Bay, Wis. 
Other recently established stations are: 
WKAT-FM, Miami, Fla.; WBAM, New 
York, N. Y.; WEHS, Chicago, Ill.; KOKY-
FM, Keokuk, Iowa; WHCU-FM, Ithaca, 
N. Y.; WRRN-FM, Warren, Ohio; WRLD-
FM, Lanett, Ala.; WXNJ, Greenbrook 
Township, N. J.; WVAW, Cheviot, Ohio; 
KSEO-FM, Durant, Okla; WKIL, Kanka-
kee, Ill.; WEAM-FM, Eau Claire, Wis.; 
KUGN-FM,  Eugene,  Ore.  Conditional 
grants were issued for f.m. stations to be 
located at Niagara Falls, N. Y.; Decatur, 
Ga.; Clayton, Mo.; Washington, Ind.; Flint, 
Mich. Conditional grants for five more f.m. 
stations were authorized early in October, 
and a construction permit for a commercial 
television station at Boston, Mass., was 
authorized by the F.C.C. 
There are six licensed television stations 

on the air and six operating under temporary 
authority. Fifty-six more stations are author-
ized and under construction, while thirteen 
are pending before the F.C.C. 
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AUGUST EXCISE TAXES 

The U. S. Bureau of Internal Revenue 
reported an excise-tax increase of over a 
half-million dollars for radio sets, phono-
graphs, components, and the like, for 
August, 1947, as against the same month a 
year ago. The July, 1947, excise collec-
tions, however, topped by more than a mil-
lion those of August, reaching a figure of 
$6,450,451.19.  The August  figure was 
$5,084,018.07. 

WHOLESALE RADIO SALES UP FOR AUGUST 

The Census Bureau reported that sales 
by wholesale appliance and specialty dealers 
during August totaled $8,437,000, bringing 
the total sales of these wholesalers during 
the eight months of 1947 to $54,857,000. 
This was an increase of 74 per cent over the 
same period in 1946. 

MANUFACTURERS' INVENTORIES 
SHOW INCREASED SALES 

Preliminary estimates by the Depart-
ment of Commerce placed manufacturers' 
sales for August at $13.4 billion, representing 
a two per cent rise over July. More than 
"two-thirds of this increase was in the dur-
able wods group, sales of which rose to $5.9 
billion. Book value of manufacturers' inven-
tories for August increased to an estimated 
$22.9 billion, or a gain over July of 
$200,000,000. 

CANADA-U. S. CUSTOMS CURBS RELAXED 

Mobile radio transmitting equipment 
licensed in either the Dominion of Canada or 
the United States may now enter both coun-
tries, subject to the sealing of the transmitter 
by customs officials at port of entry. The 
new arrangement, which was announced by 
the Federal Communications Commission, 
went into effect the latter part of September. 
The seal, to be removed at the port of exit, 
must not be tampered with during the 
visitor's stay in either country, under 
penalty of seizure of the vehicle. 

RMA ENGINEERING DEPARTMENT 
OFFERS TELEVISION AIDS 

A recently published report by the RMA 
engineering department entitled "Apart-
ment House Television Antenna," offers a 
solution to the problem of apartment house 
owners and their tenants who want good 
television without spoiling the appearance 
of their residential building. The report, 
which was prepared by a special subcom-
mittee, headed by W. P. Short of the com-
mittee on television receivers, states that 
"the solution to the problem has been found 
in a distribution system which uses an an-
tenna or a combination of antennas, ampli-
fier, cables, and an outlet box for each apart-
ment." The antennas are mounted on roof-
tops located and oriented or sited for best 
reception when installed. The individual 
apartments are connected via a low-loss 
transmission line connected through con-
duit to the various apartments, and each 
apartment is equipped with a connection 
box similar to an ordinary wall outlet. 
The cost of installing this system is de-

termined by the cost of cable installation. 
The number of receivers that can be con-
nected to it is practically unlimited since 
additional amplifiers can be added when re-
quired. 
The other aid to television offered by the 

RMA is the Resolution Chart 1946 intended 
to standardize resolution measurements, and 
for checking television equipment. Detailed 
information on this chart is available from 
L.C.F. Horle, RMA Data Bureau, 90 West 
Street, New York 6, N. Y. 

INDUSTRIAL ANGLES AT 
RMA FALL MEETINGS 

Unusual importance was attached to the 
annual fall meetings of the RMA which 
were held between October 13 and 16, 1947. 
President Max F. Balcom of the Radio 

Manufacturers Association presided at the 
meeting of its board of directors on October 
15, which was held at the new headquarters 
of The Institute of Radio Engineers at 1 
East 79th Street, New York City, on the 
joint invitation of I.R.E. President, Dr. W. 
R. G. Baker, who is also director of the 
RMA Engineering Department, and of the 
I.R.E. Board of Directors. The board 
planned the Association's program of ac-
tivities for 1947-48. In the promotion of 
television,, it considered a new RMA resolu-
tion chart to facilitate television broadcast-
ing transmission and also public reception, 
as well as to promote production. The trans-
mitter division approved new activities and 
services for transmitter manufacturers. 
Two publications were ready for the 

New York meetings, a report prepared by 
the engineering department on television 
antennas for apartment houses, and a 
brochure establishing basic standards for 
school sound-recording and playback equip-
ment. The latter, prepared by a joint RMA 
and U. S. Office of Education committee, is 
expected to promote sales of this apparatus 
to schools and other markets. 
On October 16 the executive committee 

and all section chairmen met under the 
chairmanship of S. P. Taylor of the trans-
mitter division to discuss intensified proj-
ects for the various sections of the trans-
mitter and parts divisions. 

RMA MEETINGS FOR OCTOBER 13 AND 14 

On October 13, the following meetings 
were held: coil section—chairman, Edwin I. 
Guthman; metal stampings and metal spe-
cialties section—chairman, S. L. Gabel; 
record changers and phonomotor assemblies 
section—chairman, Allan W. Fritzsche; spe-
cial products section—chairman, William 
R. MacLeod; wire-wound register section— 
alternate chairman, Roy S. Laird. 
On October 14, the following meetings 

were held: set division executive committee 
—chairman, Paul V. Galvin; parts division 
executive committee and section chairmen— 
chairman, J. J. Kahn. 

REPAIRMEN LICENSE BILL 
OPPOSED BY RMA 

On October 16 in the New York City 
Hall a conference was held on proposed 

, 
municipal legislation to license radio repair- ' 
men in  New  York.  City Councilman 
Stanley H. Isaacs is the author of the bill. 
The RMA board of directors participated 

in the meeting and vigorously opposed the 
ordinance and also any discrimination in 
electric rates against television receivers. 
The RMA parts division, in co-opera-

tion with radio parts distributors, will 
sponsor experimental clinics for radio serv-
icemen to raise their standards of service , 
and stabilize their business operation. 

SCHOOL EQUIPMENT COMMITTEE 

Organizational changes in the RMA 
school equipment committee include the 
formation of a classroom receiver section, 
with Sidney Jurin of New York as chairman. 
The school equipment committee consists of: 
Lee N1cCanne (A'36—SN1'45) of the Strom-
berg-Carlson Company, as chairman, and 
A. K. Ward of the RCA Victor Division as 
vice chairman. 

STAFF ASSISTANTS APPOINTED 

Early in October, Bond Geddes, execu-
tive vice-president of the RMA, announced 
the appointment of Ralph M. Haarlander 
as staff assistant to S. P. Taylor,•chairman 
of the transmitter division, and the appoint-
ment of James D. Secrest, RMA director of 
publications, as staff assistant to J. J. Kahn, 
chairman of the parts division. 

RMA ACTIVITIES 

The following RMA Engineering meet-
ings were held: 
September 19—Subcommittee on Trans-

formers and Reactors 
September 25—Subcommittee on Propa-

gation 
September 26—Subcommittee on Gas-

filled Microwave Transmission Lines 
September 29-30—Transmitter Tube 

Section 
September 30—Subcommittee on Elec-

tron Tube Sockets 
October 8—Committee on Thermoplastic 

-lookup Wire. 
October 14—Subcommittee on Systems 

Standards of Good Engineering Practice 
October 14—Subcommittee on Geiger 

Counter Tubes 
October 15—Subcommittee on Antennas 

and R.F. Lines 
October 15—Committee on Audio Facil-

ities. 
October 17—Committee on Vacuum 

Sealed Devices 
October 21 —Committee on Sound Sys-

tems. 
October 21 —Committee on Speakers 
October 21 —Committee on Intercom-

municating Systems 
October 21—Executive Committee, Sound 

Equipment Section 
October 21—Subcommittee on UHF 

Television Systems 
October 22—Committee on Amplifiers 
October 22—Committee on Microphones 
October 22—Executive Committee, Sound 

Equipment Section. 
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3ections 

Chairman 

'. H. Herndon 

/0 Dept. in charge of 
'ederal Co m munication 
11 Federal Annex 

M anta, Ga. 

'. W. Fischer 
14 Beechfield Ave. 

talti more 29, M d. 

V. H. Radford 

dfassachusetts Institute 

4 Technology 
:a mbridge, M ass. 

L. T. Consentino 
ian M artin 379 
luenos Aires, Argentina 

t. G. Rowe 
237 Witkop Avenue 
giagara Falls, N. Y. 

A. Green 
:ollins Radio Co. 

:edar Rapids, Iowa 

Carl Kra mer 
fensen Radio Mfg. Co. 
i601 S. Lara mie St. 

:hicago 38, Ill. 

I. F. Jordan 
3a1d w1n Piano Co. 
1801 Gilbert Ave. 

Cincinnati, Ohio 

N. G. H utton 
R. R. 3 

Brecksville, Ohio 

C. J. E m mons 
158 E. Co mo Ave. 

Colu mbus 2, Ohio 

L.. A. Reilly 
)89 Roosevelt Ave. 
Springfield, M ass. 

Robert Broding 

2921 Kingston 
Dallas, Texas 

E. L. Ada ms 
Mia mi Valley Broadcast-

ing Corp. 
Dayton 1, Ohio 

P. 0. Frincke 

219 S Ken wood St. 
Royal Oak, Mich. 

N. J. Reitz 
Sylvania  Electric  Prod-

ucts, Inc. 
E mporiu m, Pa. 

F. M. Austin 
3103 A mherst St. 

Houston, Texas 

R. E. M cCor mick 
3466 Carrollton Ave. 
Indianapolis, Ind. 

C. L. O mer 
Mid west Eng. Devel. Co. 

Inc. 

3543 Broad way 
Kansas City 2, M o. 

R. C. Deane 

Dept. of Physics 
University  of  W estern 
Ontario 

London, Ont., Canada 

C. W. M ason 
141 N. Ver mont Ave. 

Los Angeles 4, Calif. 

BALTI MORE  E. W. Chapin 
2805 Shirley Ave. 

Balti more 14, M d. 

A. G. Bousquet 
General Radio Co. 
275 M assachusetts Ave. 

Ca mbridge 39, M ass. 

B UENOS M aas  N. C. Cutler 
San M artin 379 

Buenos Aires, Argentina 

BUFFALO- NIAGARA R. F. Blinzler 

Dece mber 17  558 Crescent Ave. 
Buffalo 14, N. Y. 

Arthur W ulfsburg 

Collins Radio Co. 
Cedar Rapids, Iowa 

D. G. Haines 
H ytron Radio and Elec-

tronics Corp. 
4000 W. North Ave. 

Chicago 39, Ill. 

CINCINNATI  F. Wissel 
Dece mber 16  Crosley Corporation 

1329 Arlington St. 

Cincinnati, Ohio 

H. D. Seielstad 
1678 Chesterland Ave. 

Lakewood 7, Ohio 

COLUMBUS  L. B. La mp 
846 Berkeley Rd. 
Colu mbus 5, Ohio 

H. L. Krauss 
Dunha m Laboratory 

Yale University 

New Haven, Conn. 

0. W. Towner 

Radio Station W H AS 
Third & Liberty 

Louisville, Ky. 

BOSTON 

CEDAR RAPIDS 

CHICAGO 
Dece mber 19 

CLEVELAND 

Dece mber 11 

Dece mber 19 

Secretary 

ATLANTA  M. S. Alexander 
2289 M e morial Dr., S. E. 

Atlanta, Ga. 

Dece mber 12 

CONNECTICUT 
VALLEY 

Dece mber 18 

D ALLAS-FT. W oaru A. S. LeVelle 

308 S. Akard St. 
Dallas 2, Texas 

D AYTON  George Rappaport 

Dece mber 18  132 E. Court 
Harsh man Ho mes 

Dayton 3, Ohio 

D ETROIT  Charles Kocher 
Dece mber 19  17186 Sioux Rd. 

Detroit 24, Mich. 

E MPORIUM  A. W. Peterson 
Sylvania  Electric  Prod-
ucts, Inc. 

E mporiu m, Pa. 

H OUSTON  C. V. Clarke, Jr. 
Box 907 

Pasadena, Texas 

INDIANAPOLIS  M. G. Beier 
3930 Guilford Ave. 
Indianapolis 5, Ind. 

KANSAS CITY  MIS. G. L. Curtis 
6003 El M onte 
Mission, Kansas 

LONDON, ONTARIO 

Los ANGELES 

Dece mber 16 

E. H. Tull 
14 Erie Ave. 

London, Ont., Canada 

Bernard W alley 
R CA Victor Division 
420 S. San Pedro St. 

Los Angeles 13, Calif. 

LOUISVILLE  D. C. Su m merford 
Radio Station W H AS 

Third & Liberty 
Louisville, Ky. 

Chairman 

E. T. Sherwood 

Globe- Union Inc. 

Mil waukee 1, Wis. 

R. R. Desaulniers 
Canadian M arconi Co. 

211 St. Sacre ment St. 
M ontreal, P. Q., Canada 

J. E. Shepherd 
111 Courtenay Rd. 
He mpstead, L. I., N. Y. 

L. R. Quarles 
University of Virginia 

Charlottesville, Va. 

K. A. M ackinnon 

Box 542 
Ottawa, Ont. Canada 

P. M. Craig 

342 Hewitt Rd. 
W yncote, Pa. 

M IL WAUKEE 

M ONTREAL, Q UEBEC 

January 14 

E. M. Willia ms 

Electrical  Engineering 

Dept. 

Carnegie Institute of Tech. 
Pittsburgh 13, Pa. 

Francis M cCann 

4415 N. E. 81 St. 

Portland 13, Ore. 

N. W. M ather 
Dept. of Elec. Engineering 
Princeton University 

Princeton, N. J. 

A. E. Newlon 
Stro mberg-Carlson Co. 

Rochester 3, N. Y. 

E. S. Naschke 

1073-57 St. 
Sacra mento 16, Calif. 

R. L. Coe 

Radio Station K S D 
Post Dispatch Bldg. 

St. Louis 1, M o. 

Rawson Bennett 
U. S. Navy Electronics 

Laboratory 
San Diego 52, Calif. 

W. J. Barclay 
955 N. California Ave. 

Palo Alto, Calif. 

J. F. Johnson 
2626 Second Ave. 
Seattle I, W ash. 

C. A. Priest 
314 Hurlburt Rd. 

Syracuse, N. Y. 

C. A. Norris 

J. R. Longstaffe Ltd. 

11 King St., W. 

Toronto, Out., Canada 

0. H. Schuck 

4711 Dupont Ave. S. 

Minneapolis 9, Minn. 

R. M. W ainwright 
Elec. Eng. Depart ment 
University of Illinois 

Urbana, Illinois 

L. C. Smeby 
820- 13 St. N. W. 

W ashington 5, D. C. 

J. C. Starks 

Box 307 
Sunbury, Pa. 

N E W Y ORK 

January 7 

N ORTH CAROLINA-

VIRGINIA 

OTTA WA, O NTARIO 

Dece mber 18 

PHILADELPHIA 

January 8 

PITTSBURGH 

January 12 

PORTLAND 

PRINCETON 

ROCHESTER 

Dece mber 18 

SACRAMENTO 

ST. LOUIS 

SAN DIEGO 
January 6 

SAN FRANCISCO 

SEATTLE 

Dece mber 11 

SYRACUSE 

TORONTO, ONTARI 

T WIN CITIES 

URBANA 

W ASHINGTON 

January 12 

WILLIAMSPORT 

January 7 

Secretary 

J. J. Kircher 

2450 S. 35th St. 

Mil waukee 7, Wis. 

R. P. M atthews 

Federal Electric Mfg. Co. 

9600 St. Lawrence Blvd. 
M ontreal 14, P. Q., Can-

ada 

I. G. Easton 

General Radio Co. 

90 W est Street 
New York 6, N. Y. 

J. T. Orth 
4101 Fort Ave. 
Lynchburg, Va. 

D. A. G. W aldock 
National Defense 

.  Headquarters 

New Ar my Building 
Otta wa, Ont., Canada 

J. T. Brothers 

Philco  Radio  and  Tele-

vision 
Tioga and C Sta. 
Philadelphia 34, Pa. 

E. W. M arlowe 
560 S. Trenton Ave. 

Wilkinburgh P O 

Pittsburgh 21, Pa. 

A. E. Rich mond 
Box 441 

Portland 7, Ore. 

A. E. Harrison 

Dept. of Elec. Engineering 
Princeton University 

Princeton, N. J. 

J. A. Rodgers 
Huntington Hills 

Rochester, N. Y. 

G. W. Barnes 

1333 W eller W ay 
Sacra mento, Calif. 

N. J. Zehr 
Radio Station K W K 

Hotel Chase 
St. Louis 8, M o. 

C. N. Tirrell 
U.  S.  Navy  Electronics 

Laboratory 
San Diego 52, Calif. 

F. R. Brace 

955 Jones 
San Francisco 9, Calif. 

J. M. Patterson 
7200 -28 N. W. 

Seattle 7, W ash. 

R. E. M oe 
General Electric Co. 

Syracuse, N. Y. 

0 C. G. Lloyd 
212 King St., W. 
Toronto, Ont., Canada 

B. E. M ontgo mery 
Engineering Depart ment 
North west Airlines 

Saint Paul, Minn. 

M. H. Crothers 
Elec. Eng. Depart ment 
University of Illinois 

Urbana, Illinois 

T. J. Carroll 
National Bureau of 

Standards 
W ashington, D. C. 

R. G. Petts 

Sylvania  Electric  Prod-
ucts, Inc. 

1004 Cherry St. 
M ontoureville, Pa. 
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SUBSECTIONS 

Chairman  Secretary 
J. D. Schantz  FORT WAYNE  S. J. Harris 
Farnsworth Television  (Chicago Subsection)Farnsworth Television 
and Radio Company  and Radio Co. 

3700 E. Pontiac St.  3702 E. Pontiac 
Fort Wayne, Ind.  Fort Wayne 1, Ind. 

F. A. 0. Banks  HAMILTON  E. Ruse 
81 Troy St.  (Toronto Subsection)195 Ferguson Ave., S. 
Kitchener, Ont., Canada  Hamilton, Ont., Canada 
A. D Emurian  Mo?amount  Ralph Cole 
HDQRS. Signal Corps (New York Subsection) Watson Laboratories 
Engineering Lab.  Red Bank, N. J. 

Bradley Beach, N. J. 

Chairman 

A. R. Kahn 
Electro-Voice, Inc. 
Buchanan, Mich. 
W M. Stringfellow 
Radio Station WSPD 
136 Huron Street 
Toledo 4,0hlo 

W. A. Cole 
323 Broadway Ave. 
Winnipeg, Manit., 
ada 

Secretary 
SOUTH BIND  A. M. Wiggins 

(Chicago Subsection)El.ctroNolce, Inc. 
December 18  Buchanan, Mich. 
TOLEDO  M. W. Keck 

(Detroit Subsection) 2231 Oak Grove Place 
Toledo 12, Ohio 

el Decensb 

WINNIPEG  C. E. Trembley 
(Toronto Subsection)Canadian Marconi Co. 

Can.  Main Street 
Winnipeg, Manit., Can-
ada 

I.R.E. People 

RUDOLF() M. SORIA 

Rudolfo M. Soria (S'38-A'43-M'46) is 
now associated with the American Phenolic 
Corporation, Chicago, Ill., as project engi-
neer in charge of special development work 
on antennas and r.f.-transmission lines. 
Mr. Soria obtained the bachelor and mas-

ter degrees in communication engineering 
from the Massachusetts Institute of Tech-
nology. He was formerly instructor in elec-
trical engineeringat Illinois Instituteof Tech-
nology, where he received the Ph.D. degree 
in June, 1947. 

M. W. SCIIELDORF 

M. W. Scheldorf (A'26-SM'46) has 
joined the Andrew Company as head of the 
engineering research department. 
Mr. Scheldorf, who is the co-inventor 

of the circular-loop antenna, was born on 
February 15, 1902, at Westside, Iowa. He 
received the B.S. degree in electrical engi-
neering from Iowa State,College in 1923, and 
joined the radio department of the General 
Electric Company at Schenectady, N. Y. 
From 1930 to 1935 he was with the Radio 
Corporation of America. He then returned to 
General Electric, where for the last five years 
he was a specialist in antennas for the elec-
tronics department. 

M. W. SCIIELDORF 

WILLIS LAURENS EMERY 

WILLIS LAURENS EMERY 

Beginning with the autumn quarter, Dr. 
W. L. Emery (A'41-S111'46) will assume his 
new duties as associate professor of electrical 
engineering at the University of Utah. 
A native of Salt Lake, Dr. Emery re-

ceived his B.S. degree from the University of 
Utah in 1936 and was an engineering in-
structor there for the following two years. 
He received the M.S. in 1940 and the Ph.D 
degrees in 1947 from Iowa State College, 
where he instructed in electronics, and or-
ganized and directed the ultra-high-frequency 
radio laboratory. In 1942 he was given a 
leave of absence to become radio engineer at 
the Naval Research Laboratory, Washing-
ton, D. C., where he directed work on 
countermeasures and investigation of enemy 
equipment. 
Dr. Emery is a member of the American 

Institute of Electrical Engineers, the Ameri-
can Association for the Advancement of 
Science, Tau Beta Pi, Phi Kappa Phi, and 
Sigma Xi. His book, "Ultra High Frequency 
Radio Engineering," which was published by 
the Macmillan Company in 1944, was a 
pioneer in this field. 

W. H. DOHERTY 

William H. Doherty (A'29-M'36-SM'43-
F'44), on the invitation of the Italian Na- ' 
tional Council of Research, attended the 
celebration of the 50th anniversary of Mar-
coni's discovery of radio, which was held in 
Rome, Italy, September 28 to October 5. 
Mr. Doherty, who is a radio development 
engineer of the Bell Telephone Laboratories, 
Inc., presented a paper discussing "Linear 
Power Amplifiers in American Broadcast-
ing." 
Mr. Doherty was born in Cambridge, 

Mass., on August 21, 1907 Ile received the 
13.5. degree in electrical communication engi-
neering from Harvard in 1927 and the M.S. 
degree in engineering in 1928. From 1928 to 
1929 he was research associate, radio section, 
at the National Bureau of Standards. From 
1929 to date he has been connected with the 
Bell Telephone Company. 
In 1937 he received the Morris Liebmann 

Memorial Prize for his improvement in the 
efficiency of radio-frequency power ampli-
fiers. This was presented to him during the 
Silver Anniversary banquet of the I.R.E. 
held on May 12 of that year in the Hotel 
Pennsylvania. 

W. If. DOIIF.RTY 
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STANLEY ROSENBERG 

STANLEY ROSENBERG 

Stanley Rosenberg (A'46) has recently 
been appointed engineer in charge of pur-
chasing and materials control at the Espey 
Manufacturing Co., Inc. 
Mr. Rosenberg received the B.E.E. de-

gree at the College of the City of New York 
in 1939. During the war, he held the position 
of electrical engineer with the United States 
Signal Corps and specialized in radar test 
equipment. Before working at Espey, where 
he was a project engineer in charge of an 
u.h.f. signal generator manufactured for 
the Signal Corps, he was associated with the 
Hub Engineering Company. 
Mr. Rosenberg is a member of the Ameri-

can Institute of Electrical Engineers and is 
a professional engineer licensed by the State 
of New York. 

ORRIN E. DUNLAP, JR. 

Orrin E. Dunlap, Jr. (M'44--SM'44) was 
recently elected vice-president in charge of 
athertising and publicity of the Radio Cor-
poration of America. 
Mr. Dunlap, who was chief operator of 

the Marconi Wireless Telegraph Company 
of America aboard the S.S. Octorora in 1917, 
served during World War I as a radio oper-
ator in the United States Navy. After 
graduation from Colgate University in 1920, 
he attended Harvard Graduate School of 
Business, specializing in advertising and 
marketing, then joined the staff of the Hanff-
Metzger Advertising Agency. A year later, 
he was invited by Carr V. Van Anda, Man-
aging Editor of the New York Times, to 
organize a radio section and direct the cover-
age of radio newb. He served in this capacity 
for eighteen years. 
In 1940, Mr. Dunlap joined RCA as 

manager of the department of information, 
and on January 1, 1944, became director of 
advertising and publicity. 
Mr. Dunlap is the author of numerous 

books on radio and radio advertising. He was 
among the first to become a member of the 
American Radio Relay League and is a 
Life member of the Veteran Wireless 
Operators' Association. 

P. B. REED 

P. B. Reed (A'30-M'45) was recently 
appointed field sales manager in the East-
ern Central Region for the RCA Victor's 
engineering products department. 
Prior to his appointment, Mr. Reed rep-

resented RCA in Washington, D. C. He 
joined the organization in 1930 and in 1937 
became district sales engineer for its South-
ern Region. During the war, he served ten 
months with the fourth fleet of the United 
States Navy, installing and servicing radio, 
radar, and underwater sound equipment, as 
well as training personnel in the use of such 
equipment, and was closely associated with 
the Bureau of Ships. 

ALBERT E. HAYES, JR. 
The appointment of Albert E. Hayes, 

Jr., (A'42-M'46) to the full-time post of na-
tional emergency co-ordinator to promote 
and supervise amateur preparedness in sup-
plying disaster communication, has been 
announced by Francis E. Handy (A'26), 
communications manager of the Ameri-
can Radio Relay League. Under Mr. 
Hayes' supervision, selected radio amateurs 
in each community will call local meetings to 
establish common operating procedures and 
drill periods when the hams' personal sta-
tions may be mobilized under simulated 
emergency conditions. 
Mr. Hayes was formerly an engineer with 

the Bendix Radio Corporation. He is a 
graduate of M.I.T. and has been active pro-
fessionally in the electric patent field. 

THOMAS E. STEWART, JR. 

THOMAS E. STEWART, JR. 

Thomas E. Stewart, Jr. (A'44) has been 
named chief of the applied electronics 
branch of the United States Army Engineer 
Research and Development Laboratories at 
Fort Belvoir, Va. 
A graduate of Pratt Institute, School of 

Science and Technology, in New York City, 
Mr. Stewart was formerly with the Sylvania 
Industrial Corporation of Fredericksburg, 
Va. He has been employed by the Army since 
1942, and was recently presented the Excep-
tional Civilian Service Award for his devel-
opment of metallic, nonmetallic, and under-
water mine detectors; a radio explosives det-
onator; and a barrage balloon flight analyzer. 

P. R. KENDALL 

P. R. KENDALL 

P. R. Kendall -(A'41-M'45) has been ap-
pointed regional sales manager for the com-
munications division of Motorola, Inc., for 
their New York territory. 
Mr. Kendall is 33 years old, a graduate of 

Case School of Applied Science and holds a 
B.S. degree in electrical engineering. For ten 
years he operated the Kendall Radio Com-
pany in Cleveland, and he is the designer of 
the Kendall hearing aid for churches. Dur-
ing the war, Mr. Kendall was employed as a 
designing and testing engineer on airborne 
and landing - craft radio - communication 
equipment. Before joining Motorola, Mr. 
Kendall worked as sales and field engineer-
ing manager of Belmont Radio in Chicago. 
He is a member of the American Institute of 
Electrical Engineers. 

CHESTER L. DAVIS 

After a residence of twenty years in 
Washington, D. C., Chester L. Davis (M'24-
M'28--SM'43), has taken up the general 
practice of law at Perry, in his native State 
of Missouri. 
Mr. Davis received the degrees of LL.B., 

M.P.L., and LL.M. from National Univer-
sity, Washington, D. C., and is a member of 
the Bar of the District of Columbia, of the 
State of Missouri, and of the United States 
Supreme Court. For fifteen years, he was 
manager of the Patent Department of the 
Washington Office of the Radio Corporation 
of America. In 1922, he was associated with 
the installation of the first water-cooled 
transmitter for the Signal Corps at Ft. 
Leavenworth, Kansas, and in 1925 con-
structed broadcasting station WJAF at 
Ferndale, Mich. From 1926 to 1927 he 
was radio instructor at the School of Engi-
neering, Milwaukee, Wis. During his stay 
in Washington from 1927 to date he was at 
various times chairman of the Washington 
Section of The Institute of Radio Engineers, 
and of the Committee on Legislation of the 
Patent Section of the American Association, 
of which he is still a council member. He is a 
member of the American Institute of Elec-
trical Engineers, the American Patent Law 
Association, and the American Bar Associa-
tion. 
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Books 

! December 

Ultrahigh Frequency Transmis-
sion and Radiation, by Nathan 
Marchand 
Published (1947) by John Wiley and 

Sons, Inc., 440 Fourth Avenue, New York 
16, N. Y. 312 pages+10-page index+x 
pages. 140 figures. 5X9 inches. Price, $4.50. 

This is a new book on the theory of trans-
mission lines, antennas, and wave guides. 
After an initial chapter on the steady-state 
theory of transmission lines, there is a 
chapter developing vector analysis. This is 
followed by a chapter on Maxwell's equa-
tions, after which there are chapters dealing 
with plane waves, radiation, antenna arrays, 
and wave guides. The book concludes with 
an interesting elementary chapter on the 
grounding, matching, and transformation 
conditions in transmission lines in some im-
portant cases. 
The book is suitable as a fourth-year 

college text on the subjects covered. For 
more advanced students or research workers, 
the book will be disappointing, since it does 
not have much material which is not already 
covered and clearly explained in such books 
as Ramo and Whinnery's "Fields and 
Waves in Modern Radio." On the other 
hand, the point of view is somewhat more 
practical than that of previous authors on 
the same subject, and the book should there-
fore appeal to those students and engineers 
who found the earlier works too advanced or 
theoretical. 

STANFORD GOLDMAN 
Massachusetts Institute of Technology 

Cambridge 39, Mass. 

Theory and Application of 
Mathieu Functions, by 
N. W. McLachlan 
Published (1947) by Oxford University 

Press, 114 Fifth Avenue, New York 11, N. Y. 
394 pages+6-page index-Fix pages. 49 fig-
ures. 94X64  inches. Price, $12.50. 

This new book, written by a well-known 
British engineer and author, provides the 
physicist and engineer with a comprehensive 
reference on a useful subject. 
In the year 1868 the French mathema-

tician Emile Mathieu published an analysis 
of the vibration of elliptical membranes in 
which he introduced the linear variable-
coefficient differential equation and certain 
of its solutions which now bear his name. 
Since that time the Mathieu functions have 
arisen in the analysis of a variety of prob-
lems, among which are the propagation of 
electromagnetic energy in elliptical wave 
guides, the diffraction of sound and of 
electromagnetic radiation by elliptical cylin-
ders, eddy currents in cores of elliptical cross 
section, certain types of amplitude distortion 
in dynamic loudspeakers, problems in fre-
quency modulation, and certain types of 

dynamical systems which are capable of 
producing subharmonic oscillations. The 
Mathieu functions are sometimes called 
"the functions associated with the elliptical 
cylinder." 
The author has written this book for the 

engineer and physicist, and has, therefore, 
devoted considerable attention to applica-
tions and to worked numerical examples. 
The first chapter is historical, and is fol-
lowed by 257 pages of theory and by 100 
pages of applications. The applications can 
be understood after a perusal of only a por-
tion of the sections devoted to theory. In 
order to make the text continuous, a con-
siderable amount of new material is included. 
As the Mathieu functions are perhaps one 
degree greater in complication than Bessel 
functions, the book is recommended only for 
those who have a taste for mathematics and 
who have some acquaintance with advanced 
calculus, including Besse! functions. 
Engineers and applied scientists will un-

doubtedly find this volume to be a reference 
work of enduring value. 

WALTER C. JOHNSON 
Princeton University 

Princeton, N. J. 

Mathematics for Radio 
Engineers, by Leonard 
Mautner 

Published (1947) by Pitman Publishing 
Company, 2 W. 45 St., New York, N. Y. 319 
pages +7-page index -I-vii pages. 138 figures. 
6X81 inches. Price, $5.00. 

This book is designed to review the 
mathematical concepts which are useful to 
the radio engineer. It is not uncommon for a 
practicing engineer to lose facility for hand-
ling mathematics which appear in his field 
and which are included in much of the cur-
rent literature. The author attempts to col-
lect in a book of moderate size those prob-
lems which the reader might encounter. The 
author, himself an engineer, has succeeded 
admirably in his choice of material and in 
his manner of presentation. 
Such topics as logarithms, decibel nota-

tion, trigonometric functions, complex al-
gebra, calculus, determinants, power series, 
differential equations, and Fourier series are 
covered. In all cases the material is well il-
lustrated with its applications to problems in 
radio engineering. In addition to these il-
lustrative problems, there are numerous 
problems for the reader to solve, and the cor-
rect answers are given in the back of the 
book. It is thus possible for the reader to 
drill himself in the fundamentals described 
in the text. 
To the engineer who needs "brushing up" 

in the mathematical fundamentals of his 
profession and to those working in the field 
of radio who may not have had sufficient 

formal training in mathematics, this well-
written book is recommended. 

JOHN R. RAGAZZINI 
Columbia University 
New York 27, N. Y. 

Principles of Electrical Engi-
neering, by T. F. Wall 
Published (1947) by Chemical Publish-

ing Co., 26 Court Street, Brooklyn, N. Y. 
554 pages-I-8-page index  pages. 497 
figures. 5i X81 inches. Price, $8.50. 

The purpose of the author in writing this 
book is "to present as comprehensively, and 
in as limited space as may be possible, an ac-
count of the basic principles of the science 
of electrical engineering, a leading idea 
throughout the book being to place emphasis 
on the identity of the principles relating to 
both heavy-current and light-current en-
gineering practice." 
No attempt has been made to write 

exhaustively of such applications as electri-
cal power machinery, communication sys-
tems, or electrical measurements, although 
material in these fields is included. The 
primary purpose of presenting fundamental 
principles is closely adhered to, and the 
author has covered a surprising amount of 
ground. Chapters are devoted to such a 
wide range of subjects as electrical units, 
atomic structure, the electrical field, cur-
rents in networks, magnetic materials, 
elfttromagnetism, alternating currents, os-
cillating systems, harmonic analysis, skin 
effect, transmission lines, and Maxwell's 
equations. 
The material is up-to-date and, for the 

most part, clearly treated. The emphasis is 
distinctly on the mathematical, rather than 
on the descriptive side, and although fre-
quent illustrative examples are introduced, 
the companion volume, "Electrical Engi-
neering Problems and Their Solutions," by 
the same author, is helpful in rounding out 
the text. A good deal of attention is devoted 
to electrical transients, and this material 
seems unnecessarily scattered in its placing. 
This is evidently not intended as a first 

course on electrical engineering principles. 
References are frequently made to later 
portions of the book: an elementary knowl-
edge of the subject is apparently assumed. 
The calculus is freely used, and in some 
chapters a mathematical facility is assumed 
more in keeping with the abilities of the 
graduate rather than the undergraduate 
student. 
The book should be valuable as a ref-

erence text for the graduate engineer. Ma-
terial from a wide range of sources is in-
cluded. Taken together with its companion 
volume, it should serve as an interesting 
source book for the teacher of electrical sub-
jects. 

FREDERICK W. GROVER 
Union College 

Schenectady, N. Y. 
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lectrical Engineering Prob-
mls and Their Solution, 
y T. F. Wall 

Published (1947) by Chemical Publish-
.g Company, Inc., 26 Court Street, Brook-
•n, N. Y. 307 pages+4-page index -Fviii 
iges. 19 figures. 5 X9 inches. Price, $5.00. 

This book, which is a companion volume 
) "Principles of Electrical Engineering" by 
le same author, gives the solutions of prob-
•ms suggested in the "test papers" which 
zcompany that volume. 
However, the solution of each problem is 

ere given at length with a development of 
he pertinent theory and with numerical 
xamples. The selected problems illustrate a 
7ide range of engineering applications of 
reat practical importance, especially in the 
teld of transmission. 
Although so closely connected, each of 

he two volumes is independently useful. 
he style of presentation is the same in each, 
ilith emphasis placed on methods of the 
nathematical analysis. 
A reader well grounded in elementary 

lectrical theory and possessing a knowledge 
of the calculus and differential equations 
vill find much interesting and useful ma-
erial in these books. The teacher will find 
n the volume of problems, illustrative ma-
.erial for a course based on "The Principles 
)1. Electrical Engineering." 

FREDERICK W. GROVER 
Union College 

Schenectady, N. Y. 

Television Primer of Produc-
tion and Direction, by 
Louis A. Sposa 

Published (1947) by McGraw-Hill Book 
Company, Inc., 330 W. 42 St., New York 18, 
N. Y. 195 pages+11-page index +4-page 
glossary +3-page appendix +1-page bibliog-
raphy-Fx pages. 108 figures. 5X8 inches. 
Price, $3.50. 

1
 ' The general public thirsts for more in-
formation about the "magic" of television. 
Probably the "magic" of those thousands of 
jobs for the inexperienced has something to 
do with it. What they want to know is not 
jabout the dry, technical knowledge that the 
television engineer must possess in order to 
put good pictures on the air, but the glamor-
ous business of producing television shows, a 
business that embraces the intriguing do-
mains of stage, movie lot, and sound-broad-
cast studio 
Few have the opportunity to visit a busy 

television studio and still fewer have the 
chance to learn the steps necessary for a 
successful television production, from writ-
ing the script to the final "fade-out." But 
from the pages of "The Television Primer 
of Production and Direction" the reader can 
get the impression of just how this is done, 
and in simple, easily understood terms. 
Some of the subjects covered are: Light-

ing, Scenic Design, Titles,  Costuming, 
Make-up, Microphones and Sound, Motion 

Picture Film, Scripts, Commercials, Produc-
tion, Directing, Programming. The author 
has treated each of these important subjects 
in a very satisfactory manner. Naturally 
some limitations will be noticed, such as 
rather brief treatment of some difficult sub-
jects due to space limitations; the author 
describes principally his experiences ob-
tained at only one station, WABD; and in 
this new art it must not be forgotten that 
methods and techniques can change over-

night. 
The opening chapters, dealing with the 

technical portion of the television system 
and the camera, are not up to the standard of 
the remainder of the book. 
The author is at his best when he writes 

of the field in which he works, television 
directing. In spite of the modest name of 
"Primer," don't think this book will not be 
read by all the professionals. Why? Because 
it contains ideas, well-organized ideas which 
Mr. Sposa has found by trial and error really 
work and produce results. And in television 
producing, what is more valuable than ideas? 

ALBERT F. MURRAY 
Consulting Television Engineer 

Washington, D. C. 

Getting a Job in Television, 
by John Southwell 

Published (1947) by McGraw-Hill Book 
Co, 330 W. 42 Street, New York 18, N. Y. 
113 pages-1-5-page index -Fii pages. 6 illus-
trations. 5 X8 inches. Price, $2.00. 

This concise little book attempts to give 
the answers to the questions that are asked 
repeatedly of everyone remotely connected 
with television, and insofar as those ques-
tions are answerable it succeeds in its at-
tempt. 
Mr. Southwell lists the jobs that tele-

vision makes available; from director to 
stagehand, from consulting engineer to 
technician. He gives the basic skills, educa-
tion, and training that are necessary .in each 
job, the maximum and minimum salaries 
that each commands (without too much 
emphasis on the maximum), the chances and 
lines of advancement in each. He lists the 
guilds and unions that claim jurisdiction in 
each category; the television stations operat-
ing, under construction, or applied for; the 
advertising agencies handling television 
shows, with names and addresses. 
The author is conservative in his treat-

ment, and gives little encouragement to the 
starry-eyed believer that television offers a 
royal road to fame and fortune. He empha-
sizes the amount of work and knowledge 
necessary to fill even the humbler positions. 
Seekers for sinecures may not welcome 

the book for that very reason, but a young 
man planning a career should find it useful, 
and those who are constantly asked about 
television jobs should find it a godsend. 

DONALD K. LIPPINCOTT 
Patent Attorney 

San Francisco, Calif. 

Electronic Engineering Master 
Index, 1925-1945, Part II, and 
Electronic Engineering Master 
Index, 1946, edited by Frank 
A. Petraglia 
Part II. 1935-1945. Published (1946) 

by The Macmillan Company, 60 Fifth Ave-
nue, New York, N. Y. 202 pages+7-page 
index+viii pages, 7X101 inches. Price, 
$6.00. 
1945-1946. Published (1947) by Elec-

tronics Research Publishing Company, 2 W. 
46 St. New York 19, N. Y. 162 pages+10-
page index+30-page bibliographies of engi-
neering texts and trade literature 1-x pages. 
No figures. 6X9i inches. Price, $14.50. 

The Electronic Engineering Master In-
dex is a bibliography of references to peri-
odical literature, arranged under an alpha-
betical subject classification extending from 
Acoustics, Adjacent Channel Interference, 
Aerials, and Aeronautical Radio, to Wide-
Band Amplifiers, X-rays, Yagi Array and 
Zirconium. Each item is two or three lines 
long and gives the title and specific citation 
of the published paper. All of the technical 
articles in the leading electronic periodicals 
(including the PROCEEDINGS OF THE I.R.E.) 
are listed as well as selected articles from 
about forty other periodicals in aeronautical, 
chemical, electrical, and general industrial 
fields. 
For the years 1925-1945, the Index has 

been issued in two volumes. Part II, for 
1935-1945, referred to above, contains ap-
proximately 10,000 entries. 
The supplement, covering the period 

from July, 1945, through December, 1946, 
contains about 7500 new entries, It includes 
two new sections, one giving a "Bibliog-
raphy of Engineering Texts," and the other 
a survey of trade literature issued during the 
latter half of 1946. 
The comprehensive way in which the 

field is covered would seem to make this 
Index very useful to one who wishes to have 
at hand references to literature on electronic 
subjects which are published in periodicals 
not usually included in the bibliographies 
normally appearing in the PROCEEDINGS OF 
THE I.R.E. 

LAURENS E. W HITTEMORE 
American Telephone and Telegraph Co. 

New York 7, N. Y. 

BOOKS FOR FINLAND 

The Institute of Technology, Hel-
sinki, Finland, will welcome gifts of 
scientific and technical books and 
periodicals to take the place of those 
destroyed and thus to reduce a very 
serious handicap of Finnish scholars. 
Any such gifts should be addressed to 
the Institute of Technology, Helsinki, 
and sent to the Legation of Finland, 
2144 Wyoming Avenue,  N. W., 
Washington, D. C. Their shipment to 
Finland will be arranged by the Fin-
nish Minister. 
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Airplane view of the modern RCA research laboratory in the university own of Princeton, New Jersey. 
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Officers: Dallas-Ft. Worth Section 

J. G. Rountree (A'39-M'44) was born in Bee County, 
Texas, on January 7, 1914. He received the B.A. degree 
with honors from the University of Texas in 1937, hav-
ing majored in physics. During his senior year, he was 
employed by broadcast station KNOW, Austin, Texas, 
and on graduation, he entered the employ of KTSA, 

J. G. ROUNTREE 

CHAIRMAN 

San Antonio, Texas. In 1939, he was employed by 
WBAP, Fort Worth, and in September, 1941, he joined 
the field disivion of the engineering department of the 
Federal Communications Commission as radio inspec-

tor. 
During 1942 and 1943, he was attached to Headquar-

ters New Orleans Air Defense Region as a civilian liaison 
officer. During the summer of 1945, he was in charge of 
the monitoring station established in Montgomery, Ala-
bama, for the purpose of making and analyzing v.h.f. 
field strength recordings as a part of the v.h.f. field in-
tensity survey. Since April, 1946, Mr. Rountree has been 
associated with the consulting engineering firm of A. Earl 
Cullum, Jr. Mr. Rountree has been active in amateur 
radio circles since 1932,. holding a license for amateur 

station W5CLP. 

Robert A. Broding (S'39-A'40-M'44-SM'47) was 
born November 1, 1916, at Foley, Minn. He was grad-
uated from the University of Minnesota with a B.E.E. 
degree in 1939, and operated the radio station at the 
University, then WLB. In December, 1939, Mr. Brod-
ing joined the geophysical department of the Magnolia 
Petroleum Company and spent the following year with 
a seismic crew prospecting for oil in northeast Ohio. 
He was then transferred to the Geophysical Labora-
tories in Dallas. 
During the war, leave of absence was obtained and he 

worked as a civilian employee at the Naval Ordnance 
Laboratory in Washington, D. C. Here development 
work was done on electronic firing devices for magnetic 
mines. In 1943, Mr. Broding returned to the Field Re-
search Laboratories of the Magnolia Petroleum Com-
pany in Dallas. As a senior research physicist, he has 
since been employed in research and development on 
electronic control instruments and electrical methods for 

oil prospecting. 

ROBERT A. BRODING 

VICE-CHAIRMAN 

He has served on several committees of The Institute 
of Radio Engineers, including Section Vice-Chairman 
and Chairman of the Meetings and Papers Committee in , 
1946, becoming_ Section Chairman in 1947., 
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New Television Field-Pickup Equipment 
Employing the Image Orthicon* 

JOHN H. ROEt, ASSOCIATE, I.R.E. 

Summary—A brief review of the characteristics of the more 
widely used types of electronic television pickup tubes traces the 
trend toward greater sensitivity, culminating in the image orthicon. 
This development results in the present-day ability to televise an 
unlimited variety of subject matter. Former restrictions imposed by 
requirements for large amounts of illumination have been almost 
entirely removed. An important by-product of higher sensitivity is 
the possible increase in depth of focus of the optical system. 
Field or portable equipment has been designed to take advantage 

of the improved characteristics of the image orthicon. It is a design 
which lends itself to a maximum of flexibility for various types of 
operation, including use in studios and in mobile units. Most of the 
units are shaped like a medium-sized suitcase. The camera includes 
a four-position lens turret and an electronic view finder. Camera ca-
bles may be as much as 1000 feet long. Electrical interconnections 
are simple and few in number. Each of the major units is described 
in some detail, along with its function in the system. Discussion of 
some of the unusual circuits is included in the Appendix. 

INTRODUCTION 

/N EVERY ART, advances occur at intervals which serve as distinct milestones in the progress of that 
art. They are steps which overcome major limita-

tions, and thus open up new fields which men have only 
dreamed about before. Such an advance has recently oc-
curred in the art of television in the development of the 
image-orthicon pickup tube. 
Television has made much progress in the past two 

decades in such things as higher definition, greater pic-
ture brilliance and size, greater immunity to interfer-
ence in transmission, improved techniques in propaga-
tion, and the introduction of color on a laboratory scale. 
However, the requirement for intense illumination of the 
televised scene has dogged the industry from its incep-
tion up to the very recent past. This requirement has 
limited outdoor pickups to daylight hours with bright 
sunlight, and indoor pickups either to motion-picture 
film or to studios where enormous amounts of lighting 
on the order of 1000 to 1500 foot-candles could be pro-
vided. 
The lighting equipment for such studios not only 

represents a large capital investment, but it entails ex-
cessive operating expense. Costly air-conditioning sys-
tems only partially alleviate the discomfort of. perform-
ers, who literally have to "sweat it out" in scenes that 
cannot be retaken if things do not go right the first time. 
From the producer's point of view, such intense lighting 
produces flat, shadowless, uninteresting effects which 

• Decimal classification: R583.6. Original manuscript received by 
the Institute, August 25, 1947. 
t Radio Corporation of America, RCA Victor Division, Camden, 

N. J. 

greatly limit the artistic possibilities of the medium. 
These conditions are always attendant on operation 

with the iconoscope as a pickup tube. The iconoscope 
itself is one of television's milestones because it intro-
duced the storage principle to the art, made the system 
all-electronic, and thus brought television into a form 
which has commercial possibilities. It represented a big 
stride in sensitivity over previous nonstorage devices. 
However, its lack of sufficient sensitivity to operate 
satisfactorily outdoors in cloudy weather or in late-
afternoon dusk, or indoors under moderate lighting, has 
been, and still is, its principal limitation. 
The next step in the direction of greater sensitivity 

was the introduction in 1939 of low-velocity scanning 
in the RCA-1840 orthicon-type of pickup tube. It re-
tained the storage principle and added a great improve-
ment in efficiency with a corresponding improvement in 
sensitivity of the order of five times. This meant the pos-
sibility of reducing incident illumination to about 200 I 
or 300 foot-candles. 
Wartime development of military television equip-

ment' accelerated work on a pickup tube which had its 
beginnings before the war started. The result of this 
work we know today as the image orthicon, a pickup 
tube which embodies the old principles of storage and -1 
low-velocity scanning, and, in addition, the principles .1 
of image-electron multiplication and signal-electron 
multiplication. The tube and the theories underlying its 
operation and incorporation into television cameras 
have been described in detail in recent literature.2 
The image orthicon has as its most outstanding char-

acteristic very great sensitivity, of The order of 100 times 
greater than that of the iconoscope. One of the most 
obvious and useful results of the high sensitivity of the 
tube is that, under medium or high illumination, the lens 
opening may be stopped down to a very small size, thus 
giving an enormous depth of focus. Even under rela-
tively low illumination, the depth of focus of the image 
orthicon is much greater than that obtainable with less-
sensitive tubes. 
In contrast with the simple orthicon, the image orthi-

con has another outstanding characteristic; namely, its 
ability to accommodate a tremendous light range with-
out serious loss of contrast. The scene illumination may 
be changed from dark shadows to bright sunlight and 
back again without losing essential picture information. 

I A series of papers on military television developments appeared 
in RCA Rev., vol. 7, September and December, 1946. 

2 A. Rose, P. K. Weimer, and H. 13. Law, "The image orthicon—a 
sensitive television pickup tube," PROC. I.R.E., vol. 34, pp. 424-432; 
July, 1936. 
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Other important characteristics are: (a) small target 
size, (b) small over-all tube size, and (c) high output 
signal level. 
The small target area makes it possible to use rela-

tively small lenses which lend themselves to a reasonable 
turret design. Lenses for such a field are readily availa-
ble in a variety of focal lengths and apertures. The small 
size of the image orthicon is a factor of great importance 
in making the camera itself as compact and light as 
possible. 
All previous types of standard pickup tubes have such 

low signal outputs that very high-gain amplifiers are re-
quired where shot noise in the first stage limits the sig-
nal-to-noise ratio. The image orthicon, in contrast to 
these, produces a high signal output, so that a compara-
tively low-gain amplifier may be used. Hence, shot noise 
in the amplifier is very low, compared with noise in the 
beam. 
These characteristics have opened up a wide field of 

opportunities in television programming, such as night 
games under standard incandescent lighting, daytime 
athletic and other events lasting into late-afternoon 
shadows, and all sorts of special events at any time of 
day or night, as well as studio and theatrical shows with 
standard stage lighting, and a host of industrial and mil-
itary applications. 

FIELD-PICKUP EQUIPMENT 

The first and most obvious application for the image 
orthicon is in field or remote-pickup equipments This 
type of equipment must be so designed that it can be 
transported quickly and easily and set up almost any-
where for operation with little more than a moment's 
notice. Usually, under such conditions, it is impossible 
to control the amount of illumination on the scene; 
hence, if it is to be truly useful, the pickup device must 
have sufficient sensitivity and range to function with 
the amount of light available at any time or place. The 
new field-pickup equipment being produced by the Ra-
dio Corporation of America has been designed to meet 

this need. 
In the design, consideration has been given to the pos-

sible needs for using the field equipment under three dif-
ferent types of conditions. These are: 
1. In temporary locations, inaccessible to vehicles, to 

which the equipment must be carried by hand. 
2.. In temporary locations accessible to vehicles where 

all of the equipment except the cameras may remain in a 
suitable mobile unit which serves as a control center. 
3. In permanent locations where the equipment may 

be used for studio productions. 
One of the first two of these conditions is encountered 

in every operation in the field. The third condition may 

' R. E. Shelby and H. P. See, 'Field television," RCA Rev., vol. 7, 
pp. 77-93; March, 1946. 

exist in the case of a small broadcaster who wishes to 
begin studio operations with a minimum of capital in-
vestment. He may wish to use the same equipment for 
both field and studio work in case he is operating on a 
limited schedule which permits the necessary breaks for 
transporting the equipment. This third condition may 
also apply to the ambitious broadcaster who, like many 
in these times, is unable to obtain any other type of 
equipment immediately, and who, in spite of this, wishes 
to get the training of technical and program personnel 
under way for more extensive operations in the future. 
These conditions, together with electrical considera-

tions, dictate in large measure how the equipment 
should be divided into units. Each unit should be small 
and light enough to be carried by one man. On the other 
hand, the number of units must be kept to a reasonable 
minimum in order to facilitate assembling and disas-
sembling in the field. The shape of the units must per-
mit easy handling, and also permit setting them side by 
side on a bench or table so that the assembly of units 
has the general appearance and utility of a console. Sim-
ple and rapid means of electrical interconnection are a 
further requirement. To meet these requirements, most 
of the major units of the field equipment have been 
housed in cases resembling a medium-sized suitcase in 
both shape and dimensions. Cameras, view finders, and 
master monitors have special requirements which neces-
sitate deviations from this standard shape. 
The block diagram of Fig. 1 shows the arrangement 

of major units required to make up a system of field-
pickup equipment consisting of two or more cameras, 
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Fig. 1—Block diagram of field-pickup equipment. 

with necessary switching facilities, radio relaying, and 
a mobile unit. It includes also a simplified schematic dia-
gram of the interconnections. The two large upper-left-
hand blocks show the actual camera equipment required 
for a standard two-camera system. The third block be-
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low (in dotted lines) illustrates how additional cameras, 
up to a total of four, may be included in the system. The 
blocks (in solid lines) in the center and right-hand side 
of the diagram show equipment which is common to the 
entire system, whether it be composed of two, three, or 

Fig. 2—Two-camera system including desk. 

four cameras, and which need not be duplicated when 
cameras are added to the system. The dotted block in 
the lower center of the diagram shows additional moni-
toring equipment which may be added to provide a sec-

Fig. 3—Installation of field equipment in the mobile unit. 

ond viewing position for an announcer, for visitors, or 
for other special purposes. In the case of single-camera 
operation, the switching equipment and auxiliary moni-
toring equipment are omitted. 

The system illustrated provides a maximum of flexi-
bility with a minimum number of separate units. As a 
system it provides many features which make for ease 
in operation and fine performance. 
Fig. 2 illustrates the equipment required for a two-

camera setup, mounted on a desk such as may be used 
for studio operation. The units on top of the desk in-
clude two camera controls, a master monitor, and a 
switching system. These units contain all the controls 
normally required by the operators during the program. 
The other units under the desk are those which normally 
require little or no attention during program time. These 
units are the synchronizing generator and the power 
supplies. 

Fig. 4—Mobile unit in operation, with camera and 
relay transmitter on the roof. 

Fig. 3 shows the same equipment mounted in a similar 
manner in a mobile unit. Fig. 4 is an external view of the 
mobile unit, showing how access to the roof is provided 
through a hatch, and how a camera may be set up for 
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'Fig. 5—Plan diagram of the mobile unit. 

operation on the roof. Sufficient space is also available 
on the roof for setting up a microwave relay transmitter. 
Storage space for a maximum of 1200 feet of camera 
cable is provided on reels with swing-out brackets. at 
the rear of the mobile unit. The general plan of the mo-
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bile unit showing operating positions and storage space 
for cameras, tripods, view finders, relay transmitter, 
sound-pickup equipment, and miscellaneous accessories, 
is illustrated in Fig. 5. 

CAMERA 

Full advantage has been taken of the relatively small 
size of the image-orthicon tube in designing a compact 
camera. The dimensions of the case, including the cover, 
but without lenses or view finder, are 20 X101 X 111 
inches, and the weight is 65 pounds (see Figs. 2 and 9). 
The principal features of the camera are as follows: 
1. Image-orthicon pickup tube. 
2. Completely self-contained deflection circuits. 
3. A four-position lens turret with rear control for 
quick change of lenses. 

4. Miniature tubes in picture preamplifier. 
5. Small, flexible camera cable. 
6. Operation over a long cable (up to 1000 feet). 
7. Forced-air ventilation. 
8. Accessibility for servicing. 
9. Rugged mechanical construction. 
Though the use of lens turrets is well known on photo-

graphic cameras, their application to television cameras 
has not been attempted before, mainly because the lenses 
required for iconoscope and orthicon cameras are too 
large and heavy for a suitable turret mechanism. Fur-
thermore, the use of optical viewfinders on many such 
cameras, requiring matched pairs of lenses, at least 
doubles the difficulties of turret design. 
The useful photocathode area of the image orthicon is 

a rectangle 0.96 inch in height by 1.28 inches in width. 
Since this is approximately the same size as the frame 
of many miniature photographic cameras which use 
35-mm. film, it is possible to use lenses designed for such 
cameras. The Kodak Ektar lenses for the Ektra camera 
provide a useful series of focal lengths which have been 
applied to the image-orthicon camera. Available lenses 
include 50-, 90-, and 135-mm. focal lengths. These lenses 
are light in weight and are excellent for turret operation. 
Special lightweight lenses up to 25 inches in focal length 
aril with fl5 apertures have been constructed using 
achromats in black bakelite barrels with quick-change 
slotted mountings. These weigh only 2 to 3 pounds and 
may be'attached to the turret (see Fig. 2). 
The four-position turret is mounted on a hollow shaft 

which extends through the camera to a control handle 
• and indexing mechanism in the rear at the operator's 
position. Releasing the indexing detent automatically 
cuts off the picture signal while the turret is being ro-
tated to another position. 
Optical focusing is accomplished in a novel manner by 

moving the pickup tube, along with its focus and deflec-
tion-coil assembly, instead of by motion of the lens. The 
mechanism is self-locking in any position of the camera. 
The greatest advantage in this system is the obvious 

simplification of the turret. A second important ad-
vantage is the increased range of focus obtainable when 
lenses with individual focusing mounts (such as the Ek-
tar lenses) are used. The total available relative motion 
between lens and target is then the sum of the individual 
motions. A further advantage of the individual focusing 
mounts is that lenses of different focal lengths may be 
preset to focus on the same scene, thus eliminating the 
need for adjusting optical focus after rotation of the tur-
ret. 

Fig. 6—Top view of camera, showing coil assembly. 

Fig. 6 shows a top view of the camera in which the coil 
assembly and magnetic shield are exposed. The coil as-
sembly is supported on a steel plate which moves on 
three rollers. At the rear of the compartment may be 
seen the focusing drive screw and the wiring to the base 
of the image orthicon. A small trap door at the rear end 
of the magnetic shield box exposes the cross field or 
alignment coil and the gear drive used for rotating this 
coil. 
Fig. 7 shows the focus coil alone. This is a simple, ran-

dom-wound solenoid long enough to enclose both the 
deflecting coils and the image section of the image orthi-
con tube with an overhang of about one-half inch at the 
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front and one inch at the rear. The deflecting coil assem-
bly, which is mounted within the focusing coil, is illus-
trated in Fig. 8. 

• 

Fig. 7—Focus field coil for the image orthicon. 

The deflection circuits are included in the camera in 
order to reduce the number of major units in the field 
equipment. To make the camera capable of operating 

Fig. 8—Deflecting-coil assembly for the image orthicon (outer 
tube removed). 

over a long cable, it is necessary to locate the deflection 
generators either in the camera itself or in an auxiliary 
unit adjacent to the camera. Locating the deflection cir-
cuits and part of the picture preamplifier in an auxiliary 

unit makes it possible to keep the size and weight of the 
camera to a minimum. Such an arrangement, however, 
complicates the system by increasing the number of 
units, and hence the number of connecting cables and 
the time and effort required for setting up, dismantling, 
and transporting the equipment. A further objection is 
that, in some field operations, an auxiliary unit is a seri-
ous nuisance, especially when the camera has to be set 
up on a small stage or platform where space is restricted. 
In the case of the image-orthicon camera, it is possible 
to include all of these circuits in the one unit without 
making the camera unreasonably large or heavy. With 
this arrangement, it is necessary to transmit over the 
cable only the timing information in the form of driving 
pulses. The transmission lines used for this purpose are 
easily terminated with resistors, and the pulses, which 
are not unduly critical as to wave form, are then easily 
amplified to usable levels. 
The horizontal-deflection circuit, in common with sim-

ilar circuits in other parts of the system, employs two 
new types of tubes, the 6BG6G and 6AS7G. The 
6BG6G is similar to the 807, but has special characteris-
tics for deflection output service. The 6AS7G is a twin 
triode, having very low plate resistance and large power 
capabilities. It is used as a damper or reversed-current 
output tube. 
The horizontal retrace period is made about 10 per 

cent of the total horizontal scanning period, in order to 
avoid the necessity for artificial compensation for delay 
in long camera cables. The difference between the mini-
mum kinescope blanking width (16 per cent) and this 
retrace is 6 per cent, or 3.8 microseconds. This is just 
slightly in excess of the time required for a round trip 
(2000 feet) in a 1000-foot cable. 
The high voltage required for operating the image-

orthicon tube totals about 2000 volts, —500 volts re-
quired in the image section and +1500 volts in the sig-
nal multiplier. This is generated by,amplifying and rec-
tifying the pulse signal that appears across the hori-
zontal deflecting coils. Negative pulses are partially in-
tegrated and fed to the grid of a 6V6GT amplifier with 
its plate coupled to the primary of a special step-up 
transformer. The screen and cathode circuits of this gm-
plifier are made degenerative in such a way as to com-
pound the plate current. As a result, the peak plate cur-
rent at the beginning of each retrace period is constant 
over a two-to-one range of pulse input to the grid. Thus 
the voltage fed to the rectifier is nearly independent of 
the horizontal scanning amplitude (width). The high-
voltage transformer includes a small heater winding for 
the filament of a type 1B3/8016 rectifier. Suitable volt-
ages for the various electrodes in the image orthicon are 
obtained from a filtered bleeder. 

Negative feedback is employed in the vertical-deflec-
tion circuit by deriving a voltage from the drop across a 
small resistor in series with the deflecting coils and, after 
amplification, injecting the feedback signal into the 
plate circuit of the first sawtooth-amplifier stage. This 
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feedback does two important things. It eliminates al-
most entirely the effect of iron saturation in the trans-
former core and nonlinearities in the amplifiers. It also 
minimizes the effect of varying tube characteristics, and 
makes the vertical scanning linearity largely independ-
ent of amplitude. 
Blanking signal for the target in the image orthicon is 

derived from the horizontal and vertical driving signals 
by mixing. 
Controls associated with the scanning circuits are all 

located in the camera. These include height, width, cen-
tering, and linearity controls. Other controls also lo-
cated in the camera are preamplifier gain, image ac-
celerator, orthicon decelerator, and horizontal shading. 
None of these controls requires attention during actual 
operation, and hence the camera man is left free to aim 
the camera and focus the optical system. 
The picture signal is amplified in a five-stage pream-

plifier built into the camera. The preamplifier employs 
miniature tubes and circuits compensated to give uni-
form output up to approximately 8 Mc. The cathode fol-
lower in the final stage serves to feed the signal over a 
coaxial transmission line to the camera control, and also 
to provide signal for operation of an electronic view 
finder which may be used with the camera. 
Components in all parts of the camera are accessible 

for servicing, and can be removed easily in case replace-
ment becomes necessary. 
A single camera cable contains all the electrical con-

nections to the camera. It includes three 50-ohm coaxial 
transmission lines and 21 other conductors used for 
power, control, and communication. The cable is unusu-
ally small in diameter (0.84 inch) and light in weight. 

View Finder 

Television cameras have been equipped in the past 
with a wide variety of view finders, ranging from two 
screw heads used as rifle sights, through wire frames and 
double-lens systems, to electronic finders in which the 
scene is reproduced on small kinescopes mounted beside 
or above the cameras. Each type has advantages, but 
no one type has all the desired characteristics. In the 
cases of iconoscope and orthicon cameras, the optical 
view finder employing a second lens identical with the 
camera lens has enjoyed the greatest popularity because 
it not only serves to indicate focus, but is capable of in-
cluding portions of the scene outside of those actually 
being televised. This has been considered important be-
cause the camera man can see and avoid unwanted ob-
jects before they intrude themselves in the picture. 
In the case of the image-orthicon camera, the double-

lens type of optical finder becomes completely useless 
when the equipment is used under limiting low-light 
conditions. This is true because the image orthicon can 
operate with such low illumination that the image on a 
ground-glass screen is nearly invisible. Thus the elec-
tronic view finder is the only remaining type capable of 
indicating both focus and the outline of the scene. It has 

two distinct advantages over the optical system. It is 
entirely free of parallax errors, and it provides an erect 
image where a single-lens direct optical finder provides 
an inverted image. The electronic view finder has a dis-
advantage in that it cannot include anything outside of 
the televised scene. 
The view finder designed to be used with the image-

orthicon camera employs a flat-faced 5-inch kinescope 
tube (type 5FP4) with about 7000 volts on the second 
anode. This arrangement provides a picture with suf-
ficient brilliance to be seen readily under bright ambient 
light. The view finder is constructed as a separate unit 
to be mounted on top of the camera. The two units are 
styled to appear as a single unit when thus assembled. 
The physical arrangement is such that the kinescope 

faces the operator at the rear of the camera. The face 
of the tube may be shaded with either of two types of 
viewing hoods. One of these includes two mirrors in a 
periscopic arrangement which may be reversed so that 
the operator's eye level is either above or below the 
kinescope, depending on the height of the camera. The 
other hood provides a direct view of the kinescope. A 
single cover opens on a hinge at the front, exposing the 
entire internal assembly (see Fig. 9). 
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Fig. 9--Deflec tion-amplifier side of the camera and view 
finder (internal view). 

The circuits include the picture and blanking ampli-
fiers required to drive the kinescope, and also the de-
flection generators and high-voltage supply. The latter 
is a pulse type of supply associated with the horizontal-
deflection circuit. Necessary controls are accessible at 
the rear in line with the operating controls on the cam-
era. All electrical connections are made through a mul-
ticontact plug and receptacle (see Fig. 6). 
An auxiliary view finder in the form of a polaroid ring 

sight may be mounted on top of the periscope viewing 
hood (Fig. 2), or, in the absence of the electronic view 
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finder, on the camera itself. This ring sight produces a 
series of concentric spectral interference rings which 
appear to be at a considerable distance in front of the 
sight. Because they appear at a distance, the eye can 
observe the rings and the scene simultaneously with a 
minimum of strain. This device is useful in following 
action which moves too rapidly and too far to be fol-
lowed readily on the kinescope. Its usefulness is limited, 
however, because it does not indicate either correct 
focus adjustment or the boundaries of the scene. It is 
simply an'aiming device. 

Fig. 10—Field-camera control. 

CAMERA CONTROL 

The camera control (Fig. 1) is a unit which performs 
all of the functions not already performed in the camera 
itself that are necessary to the production of a complete 
composite picture signal. These functions include: 

1. Amplification of the picture signal to the stand-
ard level required for feeding outgoing lines. 

2. Addition of kinescope blanking signal. 
3. Establishment and maintenance of the peaks of 
the blanking pulses at true "black" level. 

4. Addition of the receiver synchronizing (sync.) 
signal in cases where only a single camera is in 
use. 

5. Monitoring of the finished picture signal to 
check the accuracy of optical and electrical 
focus in the camera and the general quality of 
performance of the camera chain by means of the 
following: 

(a) A picture monitor tube (kinescope) which 
reproduces the scene being televised. 

(b) A wave-form monitor tube (cathode-ray os-
cilloscope) which shows the wave form of the 
picture signal and measures the amplitude 
of this signal. 

6. Controlling electrical focus and other parameters 

involved in operation of the image-orthicon tube 
in the camera. 

From consideration of these six functions it is appar-
ent that the camera control is necessarily a complex 
unit, for it includes all the circuits and components 
found in that part of a television receiver which follows 
the second detector, also those required for a wide-band 

Fig. 11—Rear of the camera control. 

cathode-ray oscilloscope, and, in addition, amplifiers, 
special circuits and controls, and cable connectors re-
quired directly for operation of the camera. 

As indicated previously, the shape of the camera con-
trol is that of a medium-size suitcase, the dimensions 
being approximately 8 X15 X24 inches (Figs. 2, 10, and 
11), and the weight about 65 pounds. The chassis and 
case are spot-welded into a rigid, durable assembly. The 
kinescope (type 7CP4), the c.r.o. tube (type 3KP1), and 
the most important controls are mounted on the front 

end of the case. All small tubes, capacitors, and trans-
formers are mounted on one side of the chassis, with 
wiring on the opposite side. Controls of secondary im-
portance are mounted under a trap door in the top of 
the case. Past experience and a good deal of thought 
have produced a chassis layout which provides a maxi-
mum of accessibility for servicing, and at the same time 
a system for rigid, vibration-proof mounting of com-
ponents which contributes much to trouble-free opera-
tion. A removable metal cover protects the cathode-ray 
tubes and controls during transportation. The two side 
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panels or covers are easily removed by releasing three 
cowl fasteners at the top of each, and lifting them from 
three spring retainers at the bottom. All external elec-
trical connections are made through plugs and recep-
tacles on the rear of the case (Fig. 11). This same general 
construction is followed in the other suitcase units de-
scribed hereinafter. 
The circuits in the camera control include: 

1. The picture amplifier, with stages for mixing 
kinescope blanking and synchronizing pulses. 

2. A picture amplifier for the monitor kinescope. 
3. A picture amplifier for the c.r.o. tube (for verti-
cal deflection). 

4. Deflection circuits for both ca. tubes. 
5. Distribution amplifiers for feeding driving 
pulses to the camera. 

6. A filament transformer. 
7. A high-voltage transformer, rectifier, and filter 

for the c.r. tubes. 
8. Camera circuit controls. 
9. "On-the-air" tally and intercommunication 
system. 

10. Remote power control. 
• 

The picture amplifier consists of several stages of  D.c. restoring circuits maintain black level (or sync. 
types 6AC7 and 6AG7 tubes in conventional frequency-  peaks when sync. is present in the output) on the grid of 
compensated circuits. One stage in this amplifier per-  the kinescope and on the grids of several stages where it 
forms the very important function of establishing the  is important to minimize distortion. 
peaks of blanking at "black level." To do this, the con-  Deflection circuits for the kinescope are of the driven 
trol grid is clamped at the end of each scanning line to  type. These circuits are of the same general kind as those 
an arbitrary reference potential. Because the target in  used in the camera described previously, the only dif-
the image orthicon is blanked during the scanning re-  ferences being in the deflecting-coil design and matching 

trace (i.e., made sufficiently negative to repel the scan-  transformers. 
fling beam) the picture signal from the camera during  Seven electrical controls, grouped on the front panel, 
this retrace period is fixed with respect to black level,  provide for maintenance of proper operating conditions 
though it may vary continuously with respect to an ar-  in the camera and associated picture-amplifier circuits 
bitrary fi'xed reference because of the addition of hum,  in the camera control during the program. These are: 
power-supply surges, or other spurious signals. The  (1) GAIN, (2) BLANKING, (3) BEAM CURRENT 
clamping action serves to set up a fixed relationship be-  (ORTH.), (4) ORTHICON FOCUS, (5) IMAGE 
tween the actual black level in the retrace periods of the  FOCUS, (6) TARGET POTENTIAL, and (7) MUL-

picture signal and the arbitrary reference by connecting  TIPLIER FOCUS. 
the control grid mentioned above to the reference po-  Only the first two of these require frequent checking 
tential through a very low impedance. At all times, ex-  during operation. However, the others are easily avail-
cept during the retrace periods, the grid is disconnected  able to the operator at the camera control without the 
from the reference, and thus is free to follow the normal  need of distracting the attention of the camera man, who 
potential variations in the picture signal.  is occupied with his normal duties. Location of these 
An important by-product of this clamping action is controls in the camera control is particularly useful in 

the elimination of the low-frequency components of any  the process of making adjustments when a new image 
spurious signals, provided they do not have sufficient  orthicon tube is installed in the camera, because the 
magnitude to cause amplitude modulation in any pre-  number of adjustments to be made in the camera itself 
ceding stage. Hence, the clamp circuit removes power-  is reduced to a minimum. Controls of secondary impor-
supply surges and low-frequency hum, and minimizes  tance, such as size and centering for the kinescope and 
microphonics. In fact, it limits the amplitude of any  c.r.o., are located under a small trap door on top and 
spurious additive signal to the amount which occurs in near the front of the unit, easily accessible to the op-
the period of one scanning line. (For a more detailed  erator. 
description of clamping, see the Appendix.)  Plate current for all of the amplifier tubes is obtained 
Kinescope blanking is mixed with the camera signal  from a regulated power supply entirely separate from 

just ahead of the damper. It provides undistorted, 
noise-free blanking intervals by the addition of inde-
pendent, carefully controlled pulses. Since this added 
blanking is constant in amplitude, it does not affect the 
clamping action in any way except to shift the constant 
relationship between black level and the reference to a 
different constant value. After clamping, the combined 
camera and blanking signal is clipped near black level, 
thus producing a final signal in which the peaks of 
blanking bear a definite relationship to black level. The 
clipper makes use of a diode as a switch in series with the 
picture signal circuit. It depends for its accuracy in 
maintaining black level on the clamping which precedes 
it. This clipper is somewhat more complicated than the 
usual plate-current-cutoff type of clipper, but is justi-
fied because it cuts off very abruptly and is almost per-
fectly linear in the neighborhood of cutoff. (See Appen-
dix.) A manual control (BLANKING) adjusts the clip-
ping level to any desired point near black level, and 
thereafter the circuit maintains clipping at that level. 
Usually the clipper is adjusted so that the peaks of the 
blanking pulses are slightly "blacker than black," thus 
assuring complete removal of the retrace lines in re-

ceiver kinesco  Pes 
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the camera control. A power switch on the front panel 
of the camera control actuates a relay in the power sup-
ply which, in turn, opens or closes the power-input cir-
cuit for the entire camera chain. 

POWER SUPPLY 

The problem of providing the large amount of highly 
stabilized d.c. required for the large number of amplifier 
tubes in a camera chain has been solved in a unique way 
in the field power supply. The problem resolves itself 
into one of finding means to reduce the weight of the 
unit to a point where one person can carry it. The dif-
ficulty may be understood when it is pointed out that 
the total plate-current drain in a single camera chain 
is approximately 1 ampere at 285 volts, regulated within 
limits of less than ± 0.5 volt. The regulation does not 
constitute the major part of the problem, but simply 
adds to it by increasing the total voltage required from 
the rectifier. 
The general attack on this problem was developed 

several years ago in the design of portable television 
equipment for the type-1840 orthicon.' A very light-
weight transformer with the core divided into sections, 
with large openings in the end turns of the windings 
and with only a small fraction of the usual amount of 
iron and copper, was designed to be used with a con-
tinuous blast of air through the openings (Fig. 12(a)). 
This transformer, together with the blower and motor, 
weighed less than 20 pounds, and the entire power sup-
ply, including case, transformer, blower, tubes, and other 
components, weighed only 58 pounds. This design 
achieved the required objective, and gave reasonably 
good service in field use for several years. 
In the field power supply for the image-orthicon equip-

ment, a new and much improved transformer has been 
developed by making use of silicone enamel on the wire 
and glass fabric impregnated with silicone varnish for 
insulation between layers of the windings. The core is 
not sectionalized, and the windings are tight, as in con-
ventional transformers (Fig. 12(b)). The running tem-
perature may be as high as 180° C. without danger of 
deterioration. As a result of this design, the over-all 
weight of the field power supply has been kept the same 
as in the earlier model, and the reliability has been in-
creased. 
New regulator tubes have made possible an improve-

ment in efficiency. The type 6AS7G, a heavy-duty twin 
triode with estremely low plate resistance and the abil-
ity to dissipate 25 watts, is used for series regulation. 
This is the same tube that is used as a damper in the 
horizontal-deflection circuits. These tubes have ap-
preciably less voltage drop than other types previously 
used in such service, and hence are more efficient. They 

4 M. A. Trainer, "Orthicon portable television equipment," PROC. 
vol. 30, pp. 15-19; January, 1942. 

also have very high transconductance, and therefore 
provide improved regulation control. 
The rectifier is connected to a two-stage choke-input 

filter using electrolytic capacitors, through a thermal 

Fig. 12—(a) Prewar design of a forced-air-cooled power 
transformer. (b) New design. 

time-delay relay which prevents application of the high 
d.c. voltage until all tube heaters have attained operating 
temperature. 

A 6SL7GT tube functions as a two-stage control 
amplifier, and two 0D3/VR150 tubes serve as voltage 
references. 

Fig. 13—Field power supply, tube side. 

The field power supply is capable of delivering 950 
ma. at 285 volts continuously to the main load, and, in 
addition, 75 ma. to the focusing field coil in the camera. 
This latter supply is current-stabilized so that changes 
in the resistance of the coil do not change the current. 
Fig. 13 is a side view of the field power supply, showing 
the transformer housing, blower, and tubes. 
The primary power circuit includes means for switch-

ing and metering of taps, so that a wide range of sup-



947  Roe: New Image-Orthicon Television Field-Pickup Equipment  1541 

ply voltage may be accommodated. Provision is also 
made for metering currents and voltages in parts of the 
.; output system. 

SYNCHRONIZING GENERATOR 

The new field synchronizing generator, which is part 
of the image-orthicon equipment, is designed on the 
same basic principles as earlier models, but improve-
ments and new features have been added which make 
its performance the equal in every respect of that of the 
studio type of generator. Equality of performance is 
obviously necessary, especially in view of the increasing 
importance of field operations in television program-

ming. 
The field synchronizing generator comprises two suit-

case units having the same size and shape as the field 
camera control. They are called the field pulse former and 
field pulse shaper, respectively. These two units generate 
four distinct signals required for operation of the entire 
television system, including the receivers. All four sig-
nals, though different in wave shape, are accurately 
synchronized with each other by being derived from 
a single primary frequency source. Two of these signals 
appear directly in the composite picture signal which 
modulates the r.f. carrier. They are "kinescope blank-
ing" and "synchronizing" (or "sync."), respectively. 
The wave shapes of these two signals are specified com-
pletely in standards recommended by the Radio Manu-
facturers Association.' The remaining two signals, "hori-
zontal driving" and "vertical driving," respectively, are 
simple pulse signals used locally in the pickup equip-
ment for triggering camera and monitor scanning 
circuits, and for target blanking and clamp-circuit 

keying. 
The principles underlying the operation of this gen-

erator have been described fully in a previous publica-
tion.' No basic changes have been made in the arrange-
ment of circuits, but refinements have been included to 
increase the stability of the primary frequency source 
and also to improve the steepness of wave fronts in the 
outputs. Among these, specifically, are a crystal oscil-
lator which may be used in locations where the power 
supply frequency is unstable, an improved a.f.c. circuit 
for lock-in with a 60-cycle power supply, an additional 
counter to reduce the maximum number of steps in any 
given counter, and a cathode-ray-tube indicator to pro-
vide a means of quickly checking the operation of the 

counters. 
One of the two units includes a built-in regulated 

power supply, thus making the synchronizing generator 
completely self-contained in the two units. Separation 

of the circuits occurs at a point where only three signals 
require connections between units. A single multicon-
ductor cable connects the pulse former to the pulse 
shaper. The only input to the pulse former is a.c. power. 
Output from the pulse shaper is split in two cables, one 
a single coaxial line for synchronizing signals and the 
other a multiple coaxial cable for the other three signals. 
The two suitcases appearing in the lower right hand 
corner of Fig. 2 are the pulse shaper and pulse former. 

'"Synchronizing Generator Waveforms," a (Irawing compiled by 
the Subcommittee on Studio Facilities of the RM A (revised, October 

9,1946). 
'A. V. Bedford and J. P. Smith, "A precision television syn-

chronizing signal generator," RCA Rev., vol. 5, pp. 51-69; July, 1940. 

SWITCHING SYSTEM 

One of the most important operations in television 
programming is that of switching from one camera to 
another. Switching must be accomplished smoothly 
without either interrupting or disturbing the receiver 
synchronizing, even momentarily. If precautions are not 
taken to avoid surges in switching, it is possible that the 
sync. may be clipped later in the system during the pe-
riod of the surge. Some receivers are very sensitive to 
such interruptions. Cases have been known in the past 
where switching surges have been so large as to overload 
the transmitter and throw it off the air. It is not possible 
to experience such difficulties in properly designed tele-
vision systems today because means are used to main-
tain constant black level at all points where surges are 
harmful. Since switching is likely to produce surges, it is 
desirable to eliminate them at this point. A successful 
means for accomplishing this is the clamp circuit which 
was described previously in the section on the camera 
control. This circuit restores the picture signal to some 
arbitrary reference level at the end of each scanning 
line; i.e., during the retrace or blanking period. It is in-
dependent of anything that takes place in the signal. 
Thus no surge can exist longer than the period of one 

line. 
The field switching system is a suitcase unit of the 

same shape and size as the other units described previ-
ously (Fig. 14). On the front panel are located two sets 
of push-button switches, the lower one of which provides 
for switching among four cameras and two auxiliary 
picture circuits. Each of these buttons has an associated 
tally light which operates in conjunction with tallies on 
the respective camera and camera control selected by it. 
These six switches connect six coaxial 75-ohm lines, one 
at a time, to the input of the picture amplifier contained 
in the unit. 
The picture amplifier consists of three stages, the last 

one being a cathode follower which feeds the picture line 
to the relay, transmitter, or a line directly to the main 
studio (75-ohm coaxial). A blocking capacitor separates 
the line from the cathode, so that no direct current flows 
in the line. The grid of this cathode follower is subjected 
to the action of the clamp circuit. Hence, no surges ap-
pear on the outgoing line. 
Two other coaxial lines also provide signal to other 

parts of the system. One of these is connected to a line 
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monitor, or field master monitor. It is fed through a 
separate unity-gain amplifier contained in the switch-
ing system. The input of this amplifier may be switched 
with the upper set of push buttons to any of several 
points in the pickup equipment. The second line may be 
used to feed an additional monitor for the use of spec-
tators or an announcer, or it may feed a stand-by relay 
transmitter. All three output lines carry identical sig-
nals. 
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Fig. 14—Field switching syStem, front side. 

The synchronizing signal is mixed with the camera 
signal in the switching system to form the final compos-
ite picture signal. The synchronizing signal is supplied 
to the switching system directly from the pulse shaper, 
and is coupled to the picture output line through a two-
stage amplifier. Thus, the synchronizing pulses are al-
ways transmitted independently of the camera switch-
ing. In cases where picture signal already including the 
synchronizing pulses is being received over one of the 
auxiliary input circuits, the local synchronizing signal 
may be disconnected by turning a special switch on the 
front panel. 

Keying signal for the clamp circuit is derived from 
the sync. signal. In cases where the incoming signal 
includes sync., the sync. is separated, as in a receiver, 
and delayed so that keying is done on the "back porch," 
i.e., on the peaks of blanking just following the sync. 
pulses (see Appendix). In the usual case where the pic-
ture signal is received from a local camera chain, sync. 
is not present at the clamped grid; hence it is not neces-

sary to delay the keying in order to clamp at black level. 
In either case, clamping is done automatically at black 
level. 
Circuits are included in the switching system for com-

munication between the various technicians operating 
the equipment. Two sets of telephone jacks are mounted 
in each camera, one for the cameraman and the other 
for a program assistant stationed at the camera. Con-
nections for these telephone sets are included in the 
camera cable. These intercommunication circuits all ter-
minate in the field switching system where the tech-
nicians operating the camera controls and switching sys-
tem, and the program director may connect their tele-
phone sets. Private telephone lines to the main studio 
also terminate here, and may be connected to the local 
circuits. A variety of communication network combina-
tions may be secured with the set of toggle switches on 
the upper front panel. 
Each telephone set consists of a carbon-button micro-

phone and two earpieces. The microphone and one ear-
piece are used for the intercommunication circuits. The 
second earpiece is connected to a separate circuit which 
carries program sound. Thus, each operator can hear the 
program sound at all times, and get useful cueing infor-
mation from it. 

Power for operation of the telephone circuits is ob-
tained through a selenium-disk rectifier from the power 
lines, and is entirely independent of the power for the 
picture-amplifier circuits. 

FIELD MASTER MONITOR 

A high-quality picture monitor primarily designed 
for studio applications has been adapted for use with 
the field equipment by the design of a special carrying 
case. (See Fig. 2.) This monitor contains a 10-inch, 
nearly flat-faced kinescope with aluminum backing 
(type 1816P4), and a 5-inch oscilloscope tube. The 
kinescope, which operates at about 9000 volts, provides 
an exceptionally bright picture suitable for program 
monitoring in high levels of ambient illumination. The 
oscilloscope provides a large, clear trace of the outgo-
ing picture signal, and associated circuits include means 

for accurate calibration of signal level. As indicated in 
Fig. 1, the monitor is operated on the same power sup-
ply as the field switching system. 
The shape of the master monitor case is somewhat dif-

ferent from the shape of the other suitcases because of 
the size of the tubes used. However, the dimensions and 
weight are of the same order. 

APPENDIX 

Two unusual circuits which contribute to the satis-
factory performance of the field equipment are de-
scribed in some detail in the following paragraphs. One 
of them has been discussed in a previously published 
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article,7 but will be reviewed here in the light of its di-
rect applications in this equipment. 

Clamp Circuit 

' As applied in television, a clamp circuit is a device for 
establishing an arbitrary reference potential at fixed 
and regular intervals on some chosen circuit element in 
the picture amplifier. The operation of establishing 
such an arbitrary reference is very useful wherever it is 
desirable to restore the d.c. component of the picture 
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Fig. 15—Television signal waveforms. 

signal, or, in other words, to make the actual "black 
level" in the signal coincide with an arbitrary reference. 
The clamp circuit is capable of doing this with an un-
usual degree of accuracy. It is a pulse-driven switching 
circuit, and is applicable only in cases where there are 
pulse intervals present in the amplifier signal during 
which the switching operation can take place. Since a 
television picture signal (having blanking pulses to sup-
press the scanning beam during the retrace periods) is 
of this type, the clamp circuit may be used successfully. 
The orthicon and image-orthicon tubes both employ 

low-velocity scanning. Because of this, they generate 
picture signals which contain accurate black-level in-
formation during the blanked retrace periods. However, 
because these signals are generated at low level, the 
blanking pulses, which contain the "black-level" infor-
mation, may include noise and other spurious compo-
nents which make the pulses unsuitable for blanking in 
the receiver. This condition is illustrated in Fig. 15(a). 
To provide clean-cut blanking pulses in the final sig-
nal, it is customary to add another blanking signal (Fig. 
I5(b)) at a high-level point in the amplifier, giving the 
result shown in Fig. 15(c). Then this composite signal 
is clipped at black level to give the signal shown in Fig. 15 
(d). To insure proper operation of the receiver, the clip-

C. L. Townsend, 'The clamp circuit," Broadcast Eng. Jour., 
February and March, 1945. 

ping must be done accurately at black level. Here the 
clamp circuit is an indispensable tool. It is used to bring 
about a firm correlation between the black level existing 
in the negative peaks of the camera blanking pulses and 
the grid bias on the clipper stage of the amplifier. It 
should be noted that the addition of a constant signal 
(such as the blanking signal shown in Fig. 15(b)) does 
not affect the accuracy of the correlation between black 
level and clipper bias, but simply shifts the bias to a new 

value. 
A simplified diagram of an amplifier controlled by a 

clamp circuit is shown in Fig. 16. It consists of two am-
plifier tubes, Vi and V2, with a clamp circuit, consisting 
of the switch S in series with a small resistance R, con-
nected to the control grid of V2 on which it operates. 
Whenever the switch S closes, the grid of V2 is estab-
lished at the potential of terminal P (which is the arbi-
trary reference potential), provided that S is closed for 
a time interval that is long compared to the time con-
stant (R-I-RL)C1. This latter condition is necessary for 
proper operation of the clamp circuit. 

Fig. 16—Simplified schematic diagram of clamp circuit. 

Assume that the camera signal of Fig. 15(a) has been 
introduced at terminal A in Fig. 16, and the blanking 
of Fig. 15(b) at terminal B, but with polarities such that 
the resultant mixed signal as shown in Fig. I5(c) ap-
pears on the plate of 171. Now let the switch be closed for 
intervals such as m--m included within the peak of each 
camera blanking pulse, and let it be open the rest of 
the time. Thus the grid of V2 is established firmly at the 
potential P at each peak of the camera blanking. The 
tube, V2, is made part of a clipper or limiter, hence, 
when P is set at the proper value with respect to the cut-
off potential of the clipper grid, the clipping will take 
place at black level. 
In actual practice, the switch is a pair of diodes (con-

tained in the twin diode, V3) which are keyed on and off 
by equal pulse signals of opposite polarity, as shown in 
Fig. 17. These two pulse signals are coincident with each 
other and also with the time interval m-m in Fig. 15(c). 
Thus, both diodes conduct simultaneously and provide 
a low-impedance path for current flow to change the 
charge on Ci. In this case, the critical time constant is 

RD 
(RL  RI)C 

2 

where R' is the effective resistance of the signal source 
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which generates the keying pulses, and RD is the effec-
tive resistance of one diode. In most cases, C1 is made 
about 500 µµfd. and the total resistance about 2500 
ohms. Hence, the time constant of the circuit is about 
1.25 microseconds. Since the total keying interval is 
usually about 6 microseconds, there is time for the 
charge on C1 to approach equilibrium. 
In Fig. 17, the reference potential is that which exists 

at the midpoint of RI. This may be deduced as follows. 
During the keying-pulse intervals, both diodes conduct, 
and hence both terminals of R1 are at the same poten-

Fig. 17—Schematic diagram of c amp circuit. 

tial. Because of this conduction, the equal capacitors, 
Cy and Cy, receive opposite charges, each equal to the 
peak-to-peak voltage of the pulses. During the intervals 
between pulses, the diodes become nonconducting, and 
the charges placed on Cy and Cy cause a current to flow 
in RI, producing a voltage drop equal to the sum of the 
pulse voltages on the two capacitors. The polarity of the 
voltage is shown in Fig. 17. Since both the circuit and 
keying signals are balanced, it is then apparent that the 
diodes always arrive at a single potential during the 
pulse intervals which is the same as the potential exist-
ing at the midpoint of R1 during the intervals between 
pulses. The time constant C2/21=-- C2R1 is made very 
large compared to the period of the pulses, so that the 
current in R1 is small; hence the charges on Cy and Cy 

remain essentially constant. 
If RI is connected as a potentiometer, as shown in Fig. 

17, the reference potential (at the midpoint) may be 
shifted with respect to ground. For example, if the con-
trol is moved to the left, the midpoint becomes positive 
with respect to ground. This control is an effective and 
useful means of adjusting the bias on the grid of the 
amplifier tube, Vy. Whenever the control is moved away 
from the midpoint, the circuit becomes unbalanced, and 
difficulty may be experienced in maintaining pulse shape, 
especially when the control is near one end of RI. To 
minimize this effect, a resistor, Ry, may be inserted in 
the ground connection. Since the average current in such 
a resistor is always zero, it may have a very large re-
sistance. Use of this control in no way disturbs the ac-
curacy of the clamping action in establishing the grid 
9f IT; at the reference potential (midpoint of RI). 

The only path for charging current from the capaci-
tor C1 (in the absence of grid current in V2), is througho 
the clamp circuit. During the open-circuit intervals in', 
the clamp circuit, it is therefore impossible for the charge" 
on C1 to change. Hence the low-frequency response of - 
the coupling circuit between V1 and 172 is not attenuated 
even though the capacitance of C1 be made very small. 
It is important that the keying interval m-m shall 

come to an end before the end of the blanking pulse, so 
that the charge which is left on C1 will always cor-
respond to black level in the picture signal, and not to 
some other level existing in the signal after the blanking 
pulse. 
A further consideration is necessary in determining 

the proper value for the time constant 

(RL ± —2—R D + 

The peaks of the camera blanking pulses usually con-
tain some high-frequency noise signal originating in the 
low-level parts of the signal system. The response of the 
charge on C1 to the clamping action must be slow com-
pared to the period of the noise signal, in order to avoid 
variations in the correlation between black level and the 
reference potential. Black level may be considered as the 
average of the noise signal. Hence the clamp must be 
slow enough to average out the noise. Since the resistive 
elements are usually determined by the requirements of 
the keying circuits, the value of CI is used to control the 
time constant. Values cited previously have been found 
to work well in most cases, though where the noise sig-
nal contains low-frequency components it may be neces-
sary to use a larger value for C1. 
The chief advantage in the clamp circuit, as compared 

to other types of leveling or d.c. restoring circuits, is 
the fact that its action is entirely independent of the pic-
ture signal in the amplifier. It depends only on the key-
ing pulses. These may be controlled at will with respect 
to amplitude and timing. It should be noted that the am-
plitude of the keying pulses is usually made about twice 
the amplitude of the picture signal in the amplifier at the 
point where the clamp operates. 
The ability to control the time at which the clamp-

ing is done is sometimes of great advantage. For ex-
ample, in the field switching system, it is necessary to 
clamp the signal after the camera switching. At the 
point where the clamping is done, it is necessary to ac-
commodate two types of picture signal: (a) from the 
cameras, in which case the sync. pulses are not present, 
since they are added subsequently, and (b) from an out-
side source which provides complete composite signal 
including the sync. pulses. Clamping must be done on 
the same level in both types of signal. Obviously, clamp-
ing cannot be done on the peaks of sync, in case (a) ; 
hence, it must be done on blanking peaks, or at true black 
level, which is present in both cases. 



1947  Roe: New Image-Orthicon Television Field-Pickup Equipment 1545 

In case (b), the only available space on which the 
clamp may operate at black level is that portion of the 
blanking pulse immediately following the sync. pulse, 
commonly called the "back porch" (see Fig. 18). Keying 
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Fig. 18—Derivation of keying pulses fcr back-porch clamping. 

pulses are derived from the sync. by separation as in a 
receiver, and subsequent forming. A sync. pulse after 
separation is shown in Fig. 18(b). This separated signal 

0-1 

Fig. 19—Schematic diagram of differentiating circuit. 

is fed to the grid of a triode as in Fig. 19. The capacitor 
C is made very small, about 20 pmfd., and the grid leak 
R is connected to a positive voltage source. Before the 
leading edge of the pulse, it may be assumed that the 
grid is drawing current, hence is approximately at cath-
ode potential. The positive excursion of the leading edge 
causes very little change in the grid potential because 
of the low impedance from grid to cathode. The result-
ing sharp exponential pulse is shown in Fig. 18(c). After 
returning to its original potential, the grid is excited 
by the trailing edge of the pulse in the negative direc-
tion. This excursion stops the flow of grid current and 
also swings far enough to go beyond plate-current cut-
off, as illustrated. The signal voltage causes no further 
change, but the positive voltage on the grid leak im-
mediately starts to recharge the capacitor C, and thus 
produces the positive slope shown in the diagram. The 
rise in grid voltage stops abruptly as soon as grid cur-
rent starts to flow. The steepness of this slope is pro-
portional to the positive bias voltage, and inversely 

proportional to the value of R. Hence the duration of 
this negative sawtooth may be adjusted by changing 
either the positive bias or the reskstance of R. 
The pulse of voltage appearing on the plate of the 

triode is shown in Fig. 18(d). The leading edge of this 
pulse may be sloped a little to acquire some delay, by mak-
ing RL large and thus allowing the stray capacitance 
on the plate circuit to integrate the slope. Further clip-
ping of this signal eliminates the negative "pip" caused 
by the leading edge of the original pulse, and makes it 
suitable for a keying signal in a clamp circuit to operate 
on the "back porch." 
Examination of the functioning of this circuit dur-

ing the serrated vertical pulse in the standard RMA 
sync. signal shows the formation of keying pulses which 
are timed to coincide with the slots in the vertical pulse. 
Thus keying of the clamp circuit at black level is car-
ried on with no interruption throughout the vertical 
sync. pulse. 
Use of this type of clamp circuit in the switching sys-

tem eliminates surges introduced by switching, and also 
any surges and low-frequency additive cross talk from 
other sources which may have been introduced ahead of 
the clamping point. It further insures constant sync. 
output under all conditions of varying picture signal 
by confining the sync. pulses to a fixed portion of the 
e — i, characteristic of the output stage. 

Clipper Circuit 

The clipping operation required in the process of cor-
relating the peaks of blanking pulses with black level, 
illustrated in Fig. 15, must be performed with rigid ac-
curacy. In order to maintain the clipping level with the 
necessary accuracy, it is imperative that the critical 
electrode in the clipper stage be controlled by a clamp 
circuit, as described in the preceding paragraphs. When, 
as is usually the case, a screen-grid tube is used as a 
clipper, it is further necessary to supply current to the 
screen grid from a regulated source so that its potential 
does not change with variations in the average bright-
ness of the scene. With these two precautions, any of 
the usual types of clipper will maintain the correct black 
level in the blanking pulses. 
The clipper circuit used in the field equipment has 

unusual characteristics which merit description. It is 
a circuit which was developed originally by K. R. 
Wendts to overcome the inherent curvature near cut-
off in the plate-current-cutoff type of clipper. Such cur-
vature increases the gamma of the system. Since the 
orthicon type of camera tube has unity gamma, and the 
average kinescope has gamma in the neighborhood of 2, 
the resultant system gamma is higher than, is ordinarily 
desired. Therefore, it is desirable to avoid increasing the 
gamma at any other point in the system. 

• RCA Laboratories, Princeton, N. J. 
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The basic circuit (Fig. 20) includes a pentode ampli-
fier, V2, which has for its principal plate load a resistor 
R2 in series with a diode, V4. An additional load, RI, is 
connected in parallel with R2 and V4. RI is much larger 
than R2. The diode acts as a peak limiter, preventing 

the flow of current in R2 whenever its cathode rises 
above the potential E4/2. The tube, V2, is the same as 

Fig. 20 —Schematic diagram of linear clipper. 

V2 in the previous Figs. 16 and 17, with its control grid 
connected to a clamp circuit. Both of the supply volt-
ages shown, Eb and Eb/2, are closely regulated and have 
approximately the 2-to-1 relationship indicated. Under 
these conditions, black level will correspond to some 
definite value of plate current in V2. By adjusting the 
clamp reference potential (equivalent to adjusting the 
bias on V2) to the proper value, black level may be 
made to coincide with point B in Fig. 21. 
The curve A—B—D represents the normal  curve of 

V2. From A to B, no current flows in R2, and hence 
However, between B and D, current flows in Vb 

and R2, and hence i, divides itself between R1 and R2. 
Therefore, 4-- +is in this region of the curve. By 
proper selection of the value of RI, it is possible to place 
point B (cutoff point of the diode, 14) so that B-D cov-
ers the linear portion of A-B-D. Then at all times the 
useful part of the picture signal swings only over this 
linear part of the tube characteristic. The curved por-
tion of the characteristic from A to B is not used, and 
hence does not affect the gamma of the system. 
It should be noted that the cutoff of this circuit is ex-

tremely abrupt. This arises from the fact that V2 is a 
screen-grid tube having a very high plate resistance. In 
other words, the flow of plate current is not influenced 
appreciably when The external load resistance is changed 
by the opening of the diode. Therefore, as i2 approaches 
zero, the ratio 11/i2 rises very rapidly, and, since R1 is 
large (about 20 to 30 times R2), the potential of the cath-

ode of Vb also rises very rapidly, carrying the diode 
abruptly through its cutoff region. 
The diode limiter, 174, has one serious fault; namely, 

its plate-cathode capacitance permits feed-through of 
unwanted parts of the signal —particularly, steep wave-
fronts involving high frequencies. This trouble may be 
largely nullified by the simple device of connecting a 
second diode (available in any of the twin diodes) across 
the plate circuit of V2, as shown by the dotted lines in 
Fig. 20. By proper adjustment of the bias control on 
this diode, it may be made to start conducting at a po-
tential just above the cutoff potential of the limiter 
diode, thus causing a low-resistance shunt to appear 
across the signal source which effectively "squelches" 
the signal and prevents feed-through. 

CLIPPING LEVEL 
(BLACK LEVEL) ' 

Fig. 21 —Characteristic curve of linear clipper. 
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New C.B.S. Program Transmission Standards* 
HOWARD A. CHINNI, FELLOW, I.R.E., AND PHILIP EISENBERGt 

Summary—Over a period of years, broadcast listeners have com-
plained that the musical portions of radio programs are sometimes 
unpleasantly loud—that is, music is too loud compared with speech. 
Two surveys conducted by the Columbia Broadcasting System in 
1940 and 1944 found this to be true of all broadcast stations, and 
established the validity of the complaints. This led to more defini-

tive studies. 
Two related listener studies in 1945 were undertaken, to (1) dis-

cover proper (pleasing-to-listener) relative levels at which music and 
speech should be transmitted, and (2) determine the range within 
which the peak levels of a program should fall in order to please the 
largest number of listeners. 
A total of 224 persons, representing a cross section of the radio 

audience, took part in individual listener tests. In both studies the 
listeners, one at a time, heard a series of passages from radio pro-
grams. They were asked to adjust the volume of each passage to the 
most pleasant listening level. Every variable which could be antici-
pated was provided for, including such matters as introducing con-
trols to account for differences in room noise levels. 
The major findings of the studies were as follows: 
(1) Listeners prefer to hear broadcast music and speech at about 

the same peak levels (as read on a standard volume indicator). 
(2) The limit of the range of peak volume levels tolerated by the 

largest number of listeners is approximately 8 db (4 db above or be-
low the average peak-volume level of the passage.) 
(3) Within this range (8 db) volume-level changes are less an-

noying when made gradually, in two or more steps. 
The 8-db limit mentioned above refers to the range of peak or 

maximum volume levels, not to the range of minimum and maximum 
sound intensities or "dynamic range." It is important that this 
range of peak levels not be confused with "dynamic range." 

In addition to the three principal findings, the studies uncovertd 
data on a number of related points which obtained, irrespective of the 

sex, age, education, or musical taste of the individual listeners. For 

example: 
(1) Listeners like to hear broadcast music and speech at the 

same relative levels, regardless of the absolute sound level that is 

preferred. 
(2) Listeners prefer an even level, regardless of whether they are 

hearing variety, drama, narrative, or music.' 
(3) The peak sound level that the average listener prefers ranges 

from 65 to 70 db above the acoustical reference level of 10-" 

watts/cm2. 
This study has led to the adoption by CBS of a new set of pro-

gram transmission standards, in order to make broadcasting more 
pleasing to the listener. The old transmission standards provided for 

imum peak levels or "ceilings." The new standards retain 
"ceilings" (but different from past ones) and, in addition, provide 
minimum peak levels, or "floors," below which the level of the 

main program peaks should not fall. 

I. INTRODUCTION 

I
T IS AXIOMATIC that broadcasting programs 
should be written and produced in a manner that 
makes for pleasant listening. Aside from the con-

tent of a given program, a broadcast may be easy or 

. • Decimal classification: R550 X R020. Original manuscript re-
ceived by the Institute, December 31, 1946; revised manuscript re-
ceived, April 7, 1947 
t Columbia Broadcasting System, Inc., New York, N. Y. 
1 These findings do not necessarily apply to symphonic music, 

which was not analyzed in these studies. 

difficult to listen to, depending upon the method of 
presentation. Tonal range, sound reproduction level, 
and the range of peak volume levels are three of several 
factors that have a bearing on ease of listening. A 
former study2 has shown that both tonal range and 
sound intensity influence listeners' preferences, and 
that listeners can distinguish more readily between dif-
ferent sound intensities than between different tonal 

ranges. 
Broadcast receivers can be readily designed to provide 

the listener with means for selecting the tonal range and 
the sound-reproduction level he finds most pleasant. 
However, the listener is not in a position to materially 
alter the relative sound levels between different parts of 

a program. 
Radio listeners have complained that, while listening 

to a program, they have to make volume adjustments 
because some parts of the program are broadcast too 
loud, and others not loud enough. The complaint has 
been registered for many years and to essentially all 
radio stations. As the Columbia Broadcasting System 
studied these complaints, it became clear that not all 
programs, nor even all programs of a certain type, were 
cited by the listeners. Certain programs were singularly 
free from such criticism. However, as many programs 
were monitored in an effort to isolate the causes of the 
complaints, it appeared that even the "non-offenders" 

occasionally offended. 
The program transmission standards which have 

been in general use result in the broadcasting trans-
mitters being modulated an equal amount, by both 
speech and music, when the prescribed peak levels are 
maintained. This practice insures the maximum use of 
the available power. From a purely technical standpoint, 
the procedure is sound. However, it does not take into 
consideration the listener's preferences. 
From an analysis of listener complaints, it became 

clear that a searching study of the matter was needed. 
It was evidently necessary to determine accurately (1) 
what practices in broadcasting studios and control 
rooms were causing complaints of annoying sound level 
changes, and (2) what steps could be taken to remove 

the causes. 

II. A PRELIMINARY STUDY 

Radio listeners most frequently complained that 
music was transmitted too loud as compared with 
speech. A preliminary study was conducted, therefore, 
to determine the relative levels at which listeners prefer 
to hear music and speech. The study was also designed 

3 H. A. Chinn and Philip Eisenberg, "Tonal-range and sound-
intensity preferences of broadcast listeners," PROC. I.R.E., vol. 33, 
pp. 571-581; September, 1945. 
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so as to discover the effect on the preferred relative 
levels of (a) the room noise level, (b) the listeners' sex, 
age, education, and musical preference, and (c) the 
sound level at which they listened to the program. 

Method 

One hundred and thirty-two participants, one at a 
time, listened to eight passages taken from broadcasts. 
The passages ranged from 14 to 35 seconds in length. 
Half of the passages were music, and half were speech. 
Each subject was instructed to manipulate a control 
knob to adjust the volume of each passage to the level 
he preferred. The final setting for each passage was 
noted. 
Half of the subjects participated in these tests with 

a room-noise level of 29 db (above the acoustical refer-
ence level of 10-'1 watts/sq. cm.). This is representative 
of a very quiet suburban residence. The other half lis-
tened at room-noise level of 43 db, this being representa-
tive of the average residence.' The noise was intro-
duced by a concealed electric fan whose presence was 
not noticed by any participant. The environment and 
equipment were essentially the same as for the main 
experiment which is described later. 

Results 

The results of this preliminary experiment were as 
follows: 
(1) Listeners set the music passages at about the 

same peak level as the speech passages, indicating that 
they prefer to hear music and speech at approximately 
the same level. 
(2) At the average room-noise level (43 db), listeners 

set the acoustical level from 5 to 7 db higher than in a 
relatively quite room (29 db). However, they preferred 
about the same relative levels for music and for speech 
for both room-noise conditions. 
(3) Individual differences in sex, age, education, and 

musical taste (preference for popular or serious music) 
did not affect the desire for a relatively even level 
between music and speech. 
(4) Individuals varied in their absolute sound-level 

preferences from 47 to 78 db, with an average of 64.5 db, 
in the "quiet" room, and from 58 to 83 db, with an 
average of 70.3 db, for the "average-room" noise con-
ditions (see Table I). But no matter how high or how 
low individuals adjusted the absolute sound level, they 
still preferred music and speech at approximately equal 
levels. Thus, the problem of transmission standards is 
greatly simplified by the fact that individual loudness-
level preferences do not have to be taken into account. 
(5) The design of the experiment also permitted a 

determination as to whether the level at which a passage 
was introduced had any influence upon the participants' 
reactions. This was done by introducing one-half of the 
test passages at a relatively high level and one-half at a 

' D. F. Seacord, "Room noise at subscriber's telephone locations," 
Jour. Acous. Soc. Amer., vol. 12, pp. 183-187; July, 1940. 

relatively low level. It was found that, when passages 
are introduced at a high level, listeners tend to set the 
volume higher than when passages are introduced at a 
low level. The difference, however, corresponded to the 
minimum change in level that the average person would 
notice when listening to program material at the sound 
levels involved. Thus, listeners adjust to the sound 
level they prefer, within their ability to discriminate. 
The level at which a passage is introduced does not in-
fluence the listener's desire for a fairly constant level 
between music and speech. 

TABLE I 

INDIVIDUAL SOUND-LEVEL PREFERENCES 

Number of listeners 

Index of sound 
level preference* 
80 to 84 db 
75 to 79 
70 to 74 
65 to 69 
60 to 64 
55 to 59 
50 to 54 
45 to 49 

At 29-db 
noise level 

68 

0 per cent 
7 
10 
34 
27 
16 
3 
3 

100 per cent 

At 43-db 
noise level 

64 

3 per cent 
16 
44 
29 
6 
2 
0 
0 

100 per cent 

• An index of sound-level preference was computed for each indi-
vidual. The index consisted of the median of 16 volume-level settings 
made by each during the course of the experiment. 

Home Listening Experiences 

An additional check was made on the complaints 
received in writing by radio stations by means of a 
questionnaire which was filled out by the participants 
in these tests. The results of this survey were as follows: 
When listening to a given radio station at home, 
how often do you find that changes in volume occur 
which annoy you? 

Regularly  5 per cent 
Fairly often  22 
Once in a while  48 
Never  25 

100 per cent 

What kind of volume changes during broadcasts an-
noy you most? (For those who complained of annoy-
ing changes.) 

Music too loud 
Commercials too loud 
Applause too loud 

Continual changes within the program 
Introductory music too loud 
Speech too loud 
No data 

65 per cent 
16 
14 
8 
7 
6 
1 

117 per cent' 
4 Totals more than 100 per cent because some listeners indicated 

more than one type of annoying volume change. 
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On what type of program do you find that such 
volume changes most often occur? (For those who 
complained of annoying changes.) 

Variety  48 per cent 
Drama  13 
All programs  10 
Serial drama  9 
Miscellaneous  13 
No data  7 

100 per cent 

As many as 75 per cent of the respondents complained 
of the occurrence of annoying volume changes. The chief 
offenders were generally listed as Music that was too 
loud and variety programs that had a wide range in 
levels. Evidently, the letters of complaint received by 
radio stations are representative of the feeling of most 
listeners that annoying volume changes occur in radio 
programs. 

III. PLAN OF THE MAIN EXPERIMENT 

The preliminary experiment verified the letters of 
complaint and eliminated such factors as room noise and 
individual differences as experimental variables. It was 
therefore possible to design a study which would answer 
more specific problems related to broadcast program 
transmission standards. The main study was designed 
to discover: 

(1) The range of peak levels acceptable to the 

listener; 
(2) The rate of change tolerable within this range of 

peak levels; 
(3) The relative peak levels at which various types 

of program material (speech, music, sound 
effects, applause, laughter) should be transmitted 
in order to please the largest number of listeners. 

Method 

In this experiment 92 participants, one at a time, 
listened to passages from radio programs. Perhaps the 
most concise way to outline the experimental procedure 
is simply to reproduce the instruction sheet given to each 
participant. This read as follows: 
We have invited you to come here to tell us at what volume levels 

you would like to hear your radio programs. We are asking you, as 
a. member of a representative radio audience, to tell us what you 
like best. There are no right or wrongs answers. What you like is 
right. 
We are going to ask you to do something different from what 

you do at home when you listen to a radio program. At home you 
are usually seated away from the radio. If the program gets too loud 
or too soft, sometimes you do not change the volume because it is 
inconvenient. 
But here, the volume-control dial is right before you. It works 

Just like the dial on your radio. We are going to play parts of radio 
programs, and we would like you to keep your hand on the dial 
while you are listening. Whenever the program gets too buds or too 
soft for you, even if it is only for a few seconds, change the dial to 
the level you like best. 

After the participant indicated that the instructions 
were understood, a practice test was given. For this 

Theme music, announcements (2 4 minutes, 59 seconds 
male, I female); 'Just a Prayer 
Away," by Tobias (male and 
orchestra); 'My Dreams Are 
Getting Better," by Curtis (fe-
male and orchestra) 

2  Comedy quiz  Comedy quiz (3 males, I female) 
Commercial (male announcer) 
Comedy music (orchestra) 

Opening Announcement (male) 
Theme music 
Conversation (2 males) 

3  Comedy-variety Opening Announcement (male) 
Theme music 
Comedy (2 males) 
Comedy (3 males) 
Commercial (I male) 
Comedy (2 males) 

5  Crime drama  Conversation (3 men in a car) 
A murder 
Conversation (2 men) 
Conversation (several men) 

purpose, a portion of a radio program not used in the 
final test was reproduced. When it was established that 
the subject understood the instructions—to make an 
adjustment whenever the sound level became too high 
or too low for him—the test series was begun. 
Each participant heard five samples, varying in 

length from 21 to 81 minutes. The samples were chosen 
from regular broadcasts and ranged from program 
excerpts with relatively small volume-level changes to 
those in which the volume varied considerably. A con-
tinuous, synchronized chart was automatically drawn 
by a moving-tape recorder of the volume control settings 
made by the participant. 

Program Material 

All test selections were recorded from broadcast pro-
grams, and were chosen to provide a wide variety. 
Material from five kinds of programs was used, namely, 
popular music, comedy quiz, comedy variety, narrative 
drama, and crime drama (see Table II). 

TABLE II 
PROGRAM PASSAGES 

Passage 
Num-
ber 

Type  Cogent  Duration 

Popular music 

3  Drama 

7 minutes, 5 seconds 

2 minutes, 17 seconds 

8 minutes, 31 seconds 

2 minutes, 34 seconds 

Environment 

The tests were conducted in a small room furnished 
as far as feasible like an average living room. The room 
measured 23 feet long, 14 feet wide, and 10 feet high. 
The average noise level in the room, without the loud-
speaker operating, was slightly less than 29 db above the 
acoustical reference level. 
The loudspeaker was located at one end of the room 

at a height approximating ear level of the listeners. The 
person being tested sat in an armchair, directly facing 
the loudspeaker and ten feet away from it. In front of 
the participant was a small table, on which there was a 
small box equipped with a dial for controlling the volume 
level of the selections heard. 

Equipment 

Uniformity in the program material presented to each 
listener was assured by the use of especially recorded 
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"masters" cut on cellulose-nitrate coated disks. The 
recordings were made by the Columbia Recording 
Corporation and employed the standard electrical-
transcription recording characteristics. Original master 
recordings were used because of the uniform response 
characteristic, the low nonlinear distortion, and the 
very low surface-noise level that this type of recording 
affords. As soon as any distortion or noise became de-
tectable under the conditions of the tests, a new record-
ing was used. 
In order to simulate home listening conditions, a 

band-pass filter was placed in the reproducing channel. 
The actual over-all response of the system, including 
the recording and reproducing process, but excluding 
the loudspeaker, is shown in Fig. 1 The loudspeaker 
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Fig. 1—Average home sound-reproduction conditions were simulated 
for this study by employing a band-pass filter in the test channel. 
The frequency-response characteristic of the channel (exclusive 
of the loudspeaker) is shown in this chart. 

cate the system is uniform over a much wider range than 
was employed for this experiment. 
Although probably of secondary importance for the 

study undertaken, the harmonic distortion of the system 
was as low as it is possible to obtain with the best pres-
ent-day equipment. 

Subjects 

The group of participants were representative of a 
cross section of the radio audience. They were secured 
by means of spot announcements over the CBS key 
station, WCBS, located in New York City. The exact 
composition of the 92 subjects, all adults, taking part 
in the individual listener tests are detailed in Table III. 

IV. RESULTS OF MAIN EXPERIMENT 

Method of Analysis 

The data were analyzed from two points of view: (1) 
the actual volume changes within the passages as broad-
cast, and (2) the listeners' reactions to these volume 
changes. 
A unit of analysis was established by dividing each 

of the five passages into a number of intervals. A new 
interval started whenever any clear change in volume 
occurred, or when the program content changed. In-
tervals varied in length from 3 to 20 seconds, although 
most intervals were of 5 to 10 seconds duration. In all, 
the five program passages were divided into 390 in-
tervals. 

The average peak level of each of the 390 intervals 
was determined, using a standard volume indicator,' 
by averaging the readings of two trained observers who, 
incidentally, agreed very closely. These readings were 
expressed as differences (in db) above or below the aver-
age level of the enthe passage. Listeners' reactions were 
then analyzed in terms of direction and amount 
made by the listener with each interval. 

Direction of Change 

Although listeners could turn the volume up, turn it 
  down, or make no adjustment at all, any changes they 

made were significant only in relation to the actual 
volume changes occurring in the passage itself. There-
fore, the direction of the change in the passage had to be 
related to the direction of the listeners' adjustments. 
The adjustments made by the listeners were therefore 

classified as follows: 

(1) Counter-adjustments, which offset the change in 
volume of a passage. 

(2) Pro-adjustments, which accentuated the amount 
of change in the volume of the passage. 

(3) No adjustment. 

In other words, listeners made counter-adjustments 
when variations in volume were too great for pleasant 

H. A. Chinn, D. K. Gannett, and R. B. Morris, "The new stand-
ard volume indicator and reference level," PROC. I.R.E., vol. 28, pp. 
1-17; January, 1940. Also, Bell Sys. Tech. Jour., vol. 19, pp. 1-44; 
January, 1940. 

was a dual unit, employing a folded horn for the low 
frequencies and a multicellular horn for the high fre-
quencies. Facilities were not available for a free-space 

TABLE III 

COMPOSITION OF THE GROUP 

Sex 
Male 
Female 

Number of persons =92 

Age 
Under 26 years 
26 to 40 years 
Over 40 years 

Education 
Grammar school 
High school 
College 

55 per cent 
45 

100 per cent 

47 per cent 
34 
19 

100 per cent 

12 per cent 
61 
27 

100 per cent 

calibration of the loudspeaker, but the manufacturers' 
measurements, which are believed to be reliable, indi-
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listening—that is, they turned the volume up or down 
to keep it within the range they preferred. They made 
pro-adjustments when they turned the volume up or 
down in the same direction as the volume changes oc-
curring in the program material. 

Amount of Change 

Listener adjustments were also measured by amount 
of change. It was possible to measure the amount of 
change in db for each listener and for each interval. 
These changes were then averaged. 
It is worth noting that, since a measurement was 

taken for each of the 92 test participants for each of 
the 390 intervals, a total of 35,880 individual reactions 
were analyzed. 

Preferred Range of Peak Levels 

Two typical examples of the way listeners reacted to 
changes in the peak levels during a program passage are 
shown in Fig. 2. In this figure, the line graphs show the 
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Fig. 2—The variations in peak volume levels, as shown by the line 
graphs in this chart, are typical of the program excerpts used in 
this study. In example No. 1 the range of peak levels is not very 
great, whereas in example No. 2 the range is rather large. 
The vertical bars show the extent of the reaction of the lis-

teners to these volume changes. The bars show the difference be-
tween the proportion of listeners who made counter-adjustments 
and those who made pro-adjustments. 

variations in average peak levels, as broadcast, of two 
of the program passages listed in Table II. In the first 
example, the maximum variation in peak levels was 
only 7 db; 3 db above to 4 db below the average for 
the passage. In the second example, on the other hand, 
the variation was 17 db; 9 db above to 8 db below the 

average. 
The vertical bars in Fig. 2 show the reaction of the 

listeners to these volume changes. The bars show the 
difference between the proportion of listeners who made 

A   
0  7  8  8  0 11 12  3 IA  5 18 17 

PROGRAM INTERVALS 

rEa 

counter-adjustments and those who made pro-adjust-

ments. 
In the first example the volume variations were slight, 

and few of the listeners found it necessary to make 
volume adjustments. On the other hand, the second 
example, containing marked volume changes, caused 
large numbers of listeners (in some instances more than 
50 per cent) to make adjustments that offset these 

changes. 

TABLE IV 

DISTRIBUTION OF PROGRAM INTERVALS 

Deviation of interval 
from the average level 

of the passage 

Number of 
intervals 

9+ db 
8 
7 
6 
5 
4 
3 
2 

0 

Total 

15 
20 
17 
31 
26 
43 
51 
74 
79 
34 
--
390 

Fig. 2 presents the data for only a few typical in-
tervals. In all the test passages, the intervals totaled 
390. The distribution of these intervals, broken down 
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Fig. 3—This chart shows the proportion of listeners making volume 
adjustments as a function of the deviation of the transmission 
level of the program interval from the average of the complete 
passage. The limit beyond which listeners appear to object to 
large volume variations seems to occur at 4 db above or below the 
average of the passage. 

according to the differences (in db) from the average 
levels of the passages in which they occurred, is shown 

in Table IV. 
The proportion of listeners who made counter-ad-

justments and the proportion who made pro-adjust-
ments for each of these groups of intervals is shown in 
Fig. 3. It is seen that when the intervals were trans-
mitted at the average volume level of the passages 
(0 db), more than half of the listeners made no adjust-
ment at all. Those who made adjustments did so to 
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offset or to accentuate the change in roughly equal 
proportion (23 per cent made counter-adjustments; 18 
per cent made pro-adjustments). In other words, these 
changes tended to cancel out. 
Fig. 3 shows that the farther the average peak level 

of an interval lies from the average of its passage, the 
greater is the listeners' tendency to offset it—that is, 
to narrow the volume range down to the limit of 
pleasant listening. The limit beyond which listeners 
appear to object to large volume variations seems to 
occur at 4 db above or below the average of a passage. 
(At this point, more than 30 per cent of the listeners 
made counter-adjustments.) 
Since listeners evidently will tolerate a variation up 

to 4 db above or below the average of a passage, the 
range of listener tolerance for peak levels appears to be no 
more than 8 db. 
The foregoing analysis was made by direction of ad-

justment. It remains to analyze the degree of adjust-
ment made by the listeners. These data are presented in 
Fig. 4 which shows by how many db the average 
listener who made adjustments moved the volume-
control dial. 
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Fig. 4—The extent of the volume-level adjustments made by those 
listeners who made a change is shown in this chart as a func-
tion of the deviation of the transmission level of the program in-
terval from the average of the complete passage. Again it is seen 
that beyond the 4-db point there is an abrupt break, and for 
greater deviations listeners tend to counter-adjust by larger and 
larger amounts. 

It is seen that where the deviation of the peak level 
of an interval is 4 db or less from the average for the 
passage, the amount of adjustment made by the 
listeners was less than 1 db. Beyond the 4-db point, 
however, there is an abrupt break, and for greater 
deviations the listeners tend to counter-adjust by 2 or 
more db. It is also evident that the farther a peak level 
lies from the average peak levels of a passage, the 
greater the adjustment. 

Tolerable Rate of Change in Peak Levels 

Thus far, the analysis has been limited to listener 
preferences in terms of peak sound intensity, in rela-
tion to the average peak level of passages. This does not 
however, take into account the complexity of volume 
changes as they occur in radio programs. At least two 
other factors are significant in influencing listener re-
actions: (a) The amount of volume change from interval 
to interval, and (b) the direction of the volume change 
from interval to interval. 
An illustration of the effect of these factors can be 

seen in Fig. 2(b). Interval 10, while it is only 3 db above 
the average of the passage, is 11 db above the peak level 
of the preceding passage. A relatively large proportion 
of listeners reacted to this change (the difference be-
tween the percentage of listeners making counter-ad-
justments and the percentage making pro-adjustments 
was 35 per cent). This illustrates the importance of the 
amount of volume change from interval to interval. 
Furthermore, the direction of the volume change is of 

some consequence. In the same example, interval 8. 
which is 8 db below the average, has moved 17 db, in 
two steps, from a preceding interval. From a peak at 
interval 6, the volume dropped in the same direction to 
interval 8. 
On the other hand, intervals 13 through 17 illustrate 

the situation when volume changes zigzag back and 
forth; listeners' adjustments are in contrary direction. 
In order to unravel these complexities, it was necessary 
to analyze listener adjustments of intervals in terms of 
the two factors mentioned above. 
The amount of volume change from interval to in-

terval was divided into three categories: (1) large =more 
than 6 db; (2) moderate =3 through 6 db; and (3) small 
=2 or fewer db. 
For direction of volume change, intervals were divided 

into those which continued in the same direction as the 
preceding interval and those which changed direction. 
However, the analysis would not be complete unless 

the distance of peak levels from the average were also 
taken into account. That is, some intervals were either 
very high or low in volume, as compared with the aver-
age for the passage, while others were close to the 
average of the passage. Therefore, intervals were further 
subdivided into those which were a large distance from 
the average of a passage (4 or more db) and those which 
were a small distance (3 or few db). 
The great mass of data resulting from the analysis of 

all participants' reactions to the 390 intervals involved 
can best be presented in chart form. Fig. 5 presents the 
data in terms of the proportion of listeners making 
adjustments. This figure shows the proportion of listen-
ers making counter-adjustments and those making pro-
adjustments where the volume change between inter-
vals is large (more than 6 db), moderate (3 to 6 db), 
and small (less than 3 db). The left-hand column of 
bars is for those intervals where the volume level of the 
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interval changed in the same direction as in the pre-
ceding interval. The right side of the chart is for those 
intervals where the volume level changed in a contrary 
direction to that of the preceding interval. 
From these data it is seen that: 
(1) The direction of volume change influences lis-

tener adjustments. A greater proportion of listeners made 
counter-adjustments and few make pro-adjustments 
when volume changes occur in the same direction as the 
preceding interval. 
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Fig. 5—Listeners' reactions to changes in volume level are complex. 
As this chart shows, they are influenced by (a) the direction of 
the volume change, (b) the degree of the volume change, and (c) 
the relative volume level with respect to the average of the 
passage. 
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Fig. 6—From the amount of the volume adjustment made by 
listeners, it is seen that not only is a fairly narrow range of peak 
levels preferred, but, in addition, within that range large changes 
are not liked. Changes in the peak volume level must be made 
gradually for easy listening. 

(2) The degree of volume change from interval to 
interval also influences listener adjustment. The larger 
the change, the more counter-adjustments. 
(3) Distance from the average peak level of a passage 

influences adjustments. The greater the distance, the 

more counter-adjustments. 

The intervals in which most listeners make counter-
adjustments are those which move in the same direc-
tion as the preceding interval and which, at the same 
time, represent a large volume change from the preced-
ing interval. These intervals are also farthest removed 
from the average level of a passage. The fewest changes 
are made in intervals with reverse characteristics. 
The data, in terms of average db change, for those 

listeners who make adjustments, are given in Fig. 6. 
It is seen that direction of volume change, amount of 
volume change, and distance from average level also in-
fluence the amount of this compensation made by the 
listener. These data show that the listener not only 
prefers a fairly narrow range of peak levels (not more 
than 8 db) but, in addition, within that range does not 
like large changes. In other words, the whole range of 8 
db cannot be jumped in one step. Volume changes must 

be made gradually. 

Influence of Program Content 

Thus far, listener preferences have been covered 
only in terms of relative volume levels without regard to 
the program content. In general, radio programs can be 
broken down into three types of content, (1) speech, 
(2) music, and (3) laughter, applause, and sound effects 
(grouped together as a "special" type of content.) The 
test passages were therefore segregated into these three 
categories and the peak levels analyzed, both as orig-
inally broadcast and as adjusted by listeners during this 
study. 
The average difference from the average peak-levels 

of the passages as originally broadcast was as shown in 

Table V. 

TABLE V 

Type of Program 
Average Difference 
from Average Level 

of Passage 

Speech 
Music 
Laughter, applause, and 
sound effects 

—0.6db 
+0.7 db 
+3.9 db 

A survey' made on a wider basis scrutinized the prac-
tices of a varietS, of programs as broadcast by various 
networks, and verified that the program samples used 
in these experiments were typical. 
The average peak level of all music intervals in these 

experiments was 1.3 db higher than the average of all 
speech intervals. This difference corresponds closely 
with the former standard practice, wherein music was 
peaked at 100 on the volume indicator and speech at 
80. This corresponds to a difference of 1.8 db. 
In order to relate the volume differences (as broad-

cast) to the adjustments which the listeners made, their 

1 Unpublished report, CBS General Engineering Department, 
April, 1945. 
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reactions to each type of program content were analyzed 
in terms of the distance of each interval from the aver-
age of the passage. This analysis shows listeners' adjust-
ments to music and speech intervals of the same loud-
ness. 

Fig. 7 shows the proportion of listeners making 
counter- and pro-adjustments for intervals of various 
differences from the average of all passages. 
Listeners turn the volume up for below-average 

musical intervals in about the same proportion as they 
do for speech. The reaction to intervals containing 
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Fig. 7—The reactions of listeners to different types of program ma-
terial is shown by this chart. Listeners' reactions to musical pas-
sages, speech and laughter, applause and sound effects follow 
the same general pattern. 

laughter, applause, and sound effects is similar to the 
reaction to music. 
The evidence of this study supports this conclusion: 

For radio program material (exclusive of symphonic 
music, which was not studied) listeners prefer a fairly 
even level for all types of program content. 

V. DISCUSSION 

The listener's preference for a limited range of peak 
levels differs sharply with the ideas of Some radio pro-
gram directors, conductors, and performers (and some 
scientists). They have sometimes felt that a restricted 
range of peak levels unduly limits the dramatic and 
musical effects that can be achieved. This feeling on the 
part of producers, conductors, and performers may be a 
carry-over from the stage and concert halls, in which, 
for reasons to be mentioned, a wide range in peak in-
tensities probably does not irritate the listener. 
Broadcasting, however, is an entirely different 

medium. It differs from the stage and the concert hall 
in at least two important respects: (1) It is intimate. 
The listener is in a small room and cannot tolerate 
shouts and loud orchestral crescendos. (The listener, 

moreover, frequently considers his neighbor's feelings, 
as well as his own.) (2) Listening to the radio is a 
monaural process. That is, although the listener actually 
hears with both ears, the sound comes from a single 
source and all sense of direction, and almost all sense of 
perspective, is lost. The listener to "real-life" sound, on 
the other hand, enjoys binaural listening. He can pay 
attention to what he wants to hear and discriminate 
against undesirable sounds. The radio listener, however, 
must listen to all the sounds that come from the loud-
speaker. 
Although the reason is not yet known, monaural hear-

ing is apparently more pleasant when the range of 
peak intensities is somewhat restricted. The manner in 
which sound is used in motion pictures supports this 
fact. Motion-picture sound, also monaural, is generally 
reproduced at a narrower range than that which is 
transmitted by radio. 
It is essential that this monaural peculiarity of 

radio be taken into account. Although it calls for a 
restricted range of peak intensities, the desired dramatic 
effect may be gained in another dimension—timbre. 
Varying the distances of speaker or musical instrument 
from the microphone will effect the apparent loudness, 
even while maintaining an even level as measured on 
the volume indicator, because of the change in liveness 
of the pickup. The opportunity for such effects should be 
exploited to the fullest degree. 

VI. CONCLUSIONS 

The conclusions resulting from the two studies re-
ported are: 

(1) Listeners prefer to hear music and speech at 
about the same peak levels (as read on a standard vol-
ume indicator). 

(2) Listeners like to hear music .and speech at the 
same relative levels, regardless of the absolute sound-
intensity level that they prefer. 
(3) Listeners prefer an even level regardless of 

whether they are hearing variety, drama, narrative, or 
music.? 

(4) The limit of the range of peak volume levels 
tolerated by the largest number of listeners is ap-
proximately 8 db (4 db above or below the average vol-
ume level of the passage). 

(5) Within this range (8 db) it appears that volume-
level change i are less annoying when made gradually— 
in two or more steps. 

The 8-db limit mentioned above refers to the range 
of peak or maximum volume levels, not to the range of 
minimum and maximum sound intensities or "dynamic 
range." It is important that this range of peak levels not 
be confused with "dynamic range." 

'These findings do not necessarily apply to symphonic music, 
which was not analyzed in these studies. 
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As a result of this study, CBS has adopted the fol-
lowing program transmission standards :8 

CBS Program Transmission Standards 

(1) Speech and Music 
Normal passages 
Low-level passages 

(2) Theme under station breaks 

VI Peaks 
Peaks of 100 
Not less than 40 

Peaks of 40 

(3) Applause and audience re- Maximum peaks of 70 
action 

(4) Transition 

The transition from a low-level passage to a 
normal-level passage (or vice versa) must be in 
steps of not more than 4 db, preferably less (i.e., 
peaks of 40, then 60 and finally 100, or vice versa). 
Similarly, two succeeding passages (voice, then 
music, or voice, then a sound effect, etc.) must not 
differ in level by more than 4 db, preferably less, 
even when a contrast is intentional. 

(5) Peaking Practice 
Peaking program material according to the pre-

scribed standards means "gaining" in such a manner 
that the maximum VI peaks reach the specified 
values as frequently as possible without being in-
consistent with the program content. It is under-
stood that occasional peaks beyond the prescribed 
values are unavoidable, but these must be kept to a 
minimum. 

VII. PRACTICAL TEST 

Theoretically, the adoption of new program trans-
mission standards based upon the foregoing conclusions 
should remove the cause of listener's complaints arising 
from former practices. To check this, a practical before-
and-after test was made. Three pairs of program excerpts 
were used in these tests. In each pair the excerpt was 
produced in two ways—the old way, with wide range 
in peak volume levels, and the new way, in accordance 
with the findings of the study. Thus, listeners were 
enabled to express their direct preference for one type 
of transmission or the other. For the test the selections 

used were as follows: 
(1) A passage containing a loud, but typical orches-

tral bridge. 
(2) A loud but typical opening followed by conversa-

tion in low tones. 
(3) A passage containing a loud scream. 

It is hardly necessary to state that the standards contained in 
this report may not remain static inclfinitely, since they are based 
upon current broadcast-Pickup techniques. Future operations and 
experience may indicate that permanent or temporary departures 
from them are desirable, and actual practices may, from time to 
time, vary from these standards. They represent, however, the con-
clusions which have been reached as a result of the investigation 
which is reported upon in this paper. 

The preferences for the old and the new transmission 
standards are shown in Fig. 8. It can be seen that in 
two of the three cases there was an overwhelming prefer-
ence for the new standards. 
The third test selection emphasized still another con-

dition which plainly contributes to the sources of com-
plaint mentioned earlier. In this test, production rather 
than engineering played the major part. The director 
realized that some of the life-like quality of the scream 
would be lost if the technician held the transmission 
level within the prescribed limits by "fading-down" the 
output of the microphone. To avoid this loss of dramatic 
effect, the producer accepted an annoyingly loud peak 
in the original production of the program. 
The desirable solution, which would have retained 

the dramatic effect and eliminated the high peak, 
would have been to move the performer farther from 
the microphone. Advantage was not taken of this tech-
nique in the third practical test; rather, the levels were 

PASSAGE I 

PASSAGE 2 

PASSAU 3 

Fig. 8—The proportion of listeners favoring the new standards over 
• the old, in a practical test involving three typical passages, is 
shown in this chart. In passage 3, changes in production tech-
niques would have been required (as explained in the text) in 
addition to the new transmission standards in order to make the 
passage more acceptable. 

simply faded-down. Even so, 60 per cent of the listeners 
preferred the new transmission practices to the old. 
An even more practical test has been the introduction 

of the new transmission standards to programs orig-
inated by the Columbia Broadcasting System. This was 
done during 1946, and the number of listener com-
plaints on this score has markedly decreased. Further-
more, listeners have not felt that there has been diminu-
tion of dramatic value in program production. Rather, 
they have experienced a more even transition between 
segments of program. 
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"Cloverleaf" Antenna for F.M. Broadcasting* 
PHILLIP H. SMITHt, SENIOR MEMBER, I.R.E. 

Summary—The radiation requirements and general design con-
siderations for transmitting antennas suitable for f.m. broadcasting 
are briefly discussed, and an explanation of the design and operation 
of the arrangement of radiating elements and associated feed system 
employed in the "cloverleaf" antenna is given. Both calculated and 
measured data are included, showing field-intensity distribution, 
gain, impedance-frequency characteristics, etc. Design features 
which are discussed include a simple coaxial impedance-matching 
transformer developed initially for microwave application, and the 
method and facilities provided for the removal of sleet. 

INTRODUCTION 

THE CLOVERLEAF antenna was engineered par-
ticularly to meet the demands of a relatively new 
and rapidly expanding phase of the radio broad-

casting industry —f.m. broadcasting. In a broad sense 
the cloverleaf design is not limited in application to f.m., 
to radio broadcasting, or to the frequency range at pres-
ent allocated to this service. It is, in fact, a practical 
antenna design for efficiently transmitting or receiving 
horizontally polarized radiation in a nondirectional pat-
tern in a plane normal to the axis of the antenna. The 
field gain which can be achieved is limited for most prac-
tical purposes by the permissible narrowness of the ra-
diation pattern in planes passing through the axis of the 
antenna, and by the desired length of the structure. 
The development work was accomplished through the 

use of 1/10-scale model antennas designed to operate 
in the frequency range of 880 to 1080 Mc. The scale 
models are themselves entirely serviceable antennas for 
operation at these higher frequencies. 
The cloverleaf f.m.-broadcasting antenna is charac-

terized principally by its rugged construction, uniform 
horizontal-plane radiation characteristics, simplicity 
due to combining structural and electrical members, 
and its ability to handle high power. No insulators are 
required throughout. 

RADIATION REQUIREMENTS 

One of the principal considerations in designing a 
transmitting antenna for any specific application is the 
required radiation-field-intensity distribution. This can 
usually be represented by two separate radiation pat-
terns, one showing the distribution of field intensity in 
the horizontal plane and the other in the vertical plane. 
In general the field-intensity-distribution requirements 
in the horizontal plane are largely dictated by the loca-
tion of the antenna with respect to the receiving loca-
tions, and in the vertical plane by the propagation 

• Decimal classification: R321.32. Original manuscript received 
by the Institute, January 27, 1947; revised manuscript received, May 
12, 1947. Presented, 1947 I.R.E. National Convention, New York, 
N. Y. March, 1947. 

Bell Telephone Laboratories, Inc., Whippany, N. J. 

characteristics of the frequency employed over th 
transmission paths and distance involved. 
Considering first the horizontal-plane-radiation re-

quirements for f.m.-broadcast transmission in the 88- to 
108-Mc. band, it is at once seen that, unlike long-range 
communication systems, the radiation must be directe 
to receivers located over a wide area in the general 
vicinity of the transmitting station. Thus, in this plan 
the required pattern usually will be circular in shape. 
In the vertical plane the energy should, if possible, be 

beamed parallel to the ground, since propagation at 
these high frequencies is due primarily to the direct 
"line-of-sight" transmission path, and therefore energy 
radiated at angles appreciably ,above the horizon is 
wasted. Fortunately, since the wavelengths involved 
are short in comparison to the practicable length of a 
radiating structure, it is possible to obtain a fairly high 
degree of directivity in the vertical plane with rela-
tively small and simple structures. 
A third radiation requirement which has been stand-

ardized for f.m. broadcasting is that the radiation shall 
be horizontally polarized.' 

ANTENNA DESIGN CONSIDERATIONS 

The increase in field intensity in the direction in 
which an antenna is designed to emit maximum radia-
tion, compared to the field intensity which would be 
produced by a half-wave antenna supplied with the same 
power, is defined as its field gain. The power gain is the 
square of this value. Neglecting losses and assuming 
that the individual radiating units are (a) nondirec-
tional in azimuth, (b) properly spaced, and (c) properly 
excited, the power gain of almost any vertical antenna 
array of radiating units will be the same for the same 
over-all array length in wavelengths. Furthermore, the 
gain will be a linear function of the array length. Thus 
one of the most important criteria for good antenna de-
sign becomes largely a measure of the extent of electri-
cal and mechanical simplification which can be incor-
porated into the design. 

One of the simplest forms of antenna which radiates 
a horizontally polarized electric field of uniform in-
tensity in the horizontal plane is the horizontal loop.2 
Fundamentally, the loop type of antenna comprises a 
single conducting turn or loop in which r.f. current is 
induced in some manner to flow continuously and uni-
formly, both in amplitude and phase, around the loop. 

1 "Standards of good engineering practice concerning f.m. broad-
cast stations," Federal Communications Commission, September 20, 
1945. 

'A. Alford and A. G. Kandoian, "Ultra-high-frequency loop an-
tennas," Trans. A.I.E.E. (Elec. Eng., December, 1940), vol. 59, pp. 
843-848; December, 1940. 
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The loop diameter is significant chiefly because at cer-
tain critical diameters the radiation in the plane of the 
loop drops to a null.' 
The over-all gain of a stacked array of horizontal 

loops is substantially independent of the individual-loop 
directivity for loop diameters between 0.2 and 0.6 wave-
length, so that within this range it is possible to allow 
mechanical and other considerations to dictate the 
diameter of the loop employed. The uniform peripheral 
current in a horizontal loop antenna can also be altered 
in certain ways without bringing about impairment of 
the desired circular horizontal-plane radiation pattern. 
If, for example, the currents at corresponding points in 
each of a number of individual elemental radiators con-
stituting a loop are made equal and in-phase, then essen-
tially circular distribution of the radiation in the plane 
of this equivalent loop will still prevail. 

"CLOVERLEAF" DESIGN 

Individual elemental radiators constituting an equiva-
lent loop are most conveniently excited from a com-
mon feed line, in parallel, to establish the desired current 
phase and amplitude relations. An arrangement which 
fulfills this requirement comprises a cluster of four half-
wave curved radiating elements arranged in the pattern 
of a four-leaf clover as shown in cross section on Fig. 1. 

•••••• 

EFFECTIVE 
LOOP DIA 

Fig. 1—Arrangement of four radiating elements constituting a radi-
ating unit of the cloverleaf antenna. Arrows indicate assumed 
instantaneous directions of current. 

One end of each of the radiating elements is con-
nected to a common central conductor of a single 

coaxial line, while the other ends are bolted solidly to 
each of the four posts of a lattice tower structure which 
serves as the outer-return conductor. Maximum poten-
tial difference along the individual curved radiating 
elements will exist across their two extreme ends. The 
potential at the two ends is unbalanced, however, with 
respect to the "ground" plane, but the current distribu-
tion in the radiating elements is approximately sinu-

3 D. Foster, "Loop antennas with uniform current," PROC. I.R.E., 
vol. 32, pp. 603-607; October, 1944. 

soidal. Due to this configuration of the elements, there 
is coupling between them which has an effect upon their 
combined impedance-frequency characteristic. This, as 
well as the unbalanced excitation voltage, requires that 
each radiating element be approximately 20 per cent 
short of a half-wavelength to present a purely resistive 
load, i.e., to be antiresonant. 
The assumed instantaneous current directions in the 

various radiating elements of the cloverleaf assembly are 
as indicated by the arrows on Fig. 1. It will be observed 
that radial components of current in adjacent radiating 
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Fig. 2—Azimuth-plane-radiation pattern of a four-unit scale-model 
cloverleaf antenna. Measured points show variation from a circle 
to be within the limits of experimental accuracy. 

elements flow in opposite directions and radiation 
therefrom will therefore tend to cancel, whereas 
peripheral currents are in-phase around the loop. The 
resultant horizontal-plane radiation pattern has been 
found to be circular at all frequencies within the allo-
cated f.m. band to within the accuracy of measurement 
(about 2 per cent), as indicated on Fig. 2. The elevation-
plane radiation pattern of a single horizontal radiating 
unit is, as expected, approximately cosinusoidal in all 

planes. 
Fig. 3 shows a stacked array of radiating "clover-

leaf" units all of which are effectively in parallel, inas-
much as they are located electrically I-wavelength 
apart along the coaxial feed line. The direction in 
which the individual radiating elements constituting 
each unit are curved is reversed for each adjacent 
radiating unit to compensate for the 180° phase reversal 
which occurs at half-wavelength intervals along the 
main transmission line. The radiating units are at-
tached to the tower posts at proper intervals according 
to the operating frequency of the station. The proper 
spacing has been found to be 94.5 per cent of the half-
wavelength, since the velocity of propagation within the 
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Fig. 3—Stacked array of five radiating units of a scale-model 
cloverleaf antenna. 

lattice-tower structure caused by the loading effect of 
the struts is 94.5 pet:cent that of free space. Should the 
required position for any given radiating unit interfere 
with a strut position, it is permissible to select the 
nearest opening for attachment of the unit allowing a 
minimum clearance of approximately 1 inch to prevent 
voltage breakdown. The maximum error in the proper 
positioning of the radiating units which could thereby 
exist is negligible, amounting to approximately 1/50 
wavelength, and such errors never need to be cumula-
tive. 

While the loading effect of the diagonal struts in the 
lattice-tower structure constituting the outer conductor 
of the coaxial "feed line of the cloverleaf antenna re-
duces the velocity of propagation of a wave traveling 
along this type of coaxial line, the line is nevertheless 
essentially "smooth," inasmuch as these small periodic 
variations in capacity and inductance are only about 
1/20 wavelength apart. Spacings of 1/10 wavelength 
are, for example, considered sufficiently close for the 
bead insulators in standard RMA coaxial line for these 
frequencies. 

RADIATION RESISTANCE AND IMPEDANCE 

The cloverleaf configuration of radiating elements, 
each of which is about 0.4 wavelength long at a fre-
quency of 98 Mc., results in an effective loop diameter of 
approximately 0.3 wavelength. The radiation resistance 
of a hypothetical uniform-current loop 0.3 wavelength 
in diameter has been calculated to be 130 ohms. This is 
altered to some extent by the mutual effect of adjacent 
loops, and the change in the loop radiation resistance is a 
function of the loop spacing. 
Fig. 4 is a plot of the introduced resistance in a hypo-

thetical uniform-current loop 0.3 wavelength in diameter 
due to the presence of adjacent loops, as computed by 
W. H. Wise in an unpublished work. The net effective 
radiation resistance of each loop is its initial value of 
130 ohms modified by adding algebraically the contribu-
tion from each of the other loops. 
One requirement for maximum antenna gain is that 

the current in all the radiating loops shall be equal. Al-
though the radiation resistance of each equivalent 
"loop" or radiating "unit" of the cloverleaf antenna 
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Fig. 4—Introduced resistance in a hypothetical uniform-current loop 
0.3 wavelength in diameter, due to the presence of a similar ad-
jacent loop. 

will vary somewhat because of mutual impedance be-
tween the units, the voltage across the common junc-
tion of the four elemental radiators constituting each 
radiating unit will be the same at each unit position 
along the feed line, since the units are electrically 4-wave-
length apart. The effective or equivalent loop current, 
however, will vary in accordance with the way in which 
the radiation resistance is related to this driving voltage. 
This is a complicated relationship involving distributed 
circuit constants which depend on the exact geo-
metrical configuration of the elements, and is difficult 
to evaluate mathematically. It may be seen, however, 
that there is a tendency for the effective loop current to 
be independent of the radiation resistance and directly 
a function of the driving voltage only. 
An approximation of the problem is indicated in a 

series of four steps shown in Fig. 5, proceeding from left 
to right. 

0 
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1E11 21E21.1(31 

2. 
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roqz.z, 

3. 4 

Fig. 5—Proceeding from left to right, steps 1 to 4 illustrate how ap-
proximately equal currents are supplied to all radiating units of 
the cloverleaf antenna. 
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1. As has been indicated, if a lossless transmission 
line is loaded with shunt impedances at intervals of any 
integral number of wavelength, the voltage across these 
impedances will be identical and independent of the 
magnitude or phase angle of the impedances. 
2. If in place of these impedances t-wavelength 

lines are substituted, which are terminated in load im-
pedances having any magnitude or phase angle, then as 
a result of a well-known property of I-wavelength lines 
the currents in these load impedances are equal in 
magnitude and independent of the magnitude or phase 
angle of the various load impedances.' 
3. If any number of additional i-wavelength lines 

are likewise bridged across the main line in parallel 
with the foregoing I—wavelength lines, the currents in 
the load impedances terminating these additional lines 
are likewise identical in magnitude and independent of 
the magnitude or phase angle of any of the load im-
pedances. 
4. Since the radiation from radial components of the 

cloverleaf-antenna configuration is partially canceled, 
the largest portion of the total radiation takes place 
near the maximum-current points on the periphery of 
the loop. The radiation resistance may therefore be 
assumed to be lumped at these points, which are ap-
proximately I wavelength from the driving ends of the 
radiating elements, and accordingly the conditions may 
be expected to approach the previously described con-
ditions of step 3 wherein equal currents are known to 
exist. 
The correlation in the amplitude of the first minor 

lobes between measured and computed radiation pat-
terns, assuming equal current distribution in the loops, 
indicates that a close approximation to the condition of 
equal current distribution, and consequently optimum 
gain, is actually realized (see Fig. 7). 
The antiresonant impedance of each radiating unit 

comprising a cluster of four radiating elements is found 
to be of the order of 400 to 650 ohms, depending upon 
the position of the unit in the array. The variation of its 
impedance with frequency is indicated on Fig. 6 by the 
curve labeled "one unit." Inasmuch as the phase angle 
of the impedance is relatively unimportant, a single 
radiating-element length has been found suitable for the 

entire f.m. band. 
The variation of the resultant impedance with fre-

quency, as measured across the terminals of the lowest 
radiating unit for two, five, and eight radiating units in 
which the spacing is optimum for 98 Mc., is as shown 
on Fig. 6 by the correspondingly labeled curves. The 
data as plotted is "normalized" with respect to the 100-
ohm characteristic impedance of the lattice-tower-co-
axial feed line. These curves indicate the actual operat-
ing impedance across the lowest radiating unit only at a 
frequency of 98 Mc. and its sideband frequencies, since 

' These principles were utilized in a "turnstile" antenna designed 
by J. F. Morrison, Bell Telephone Laboratories, Inc., U. S. Patent 
No. 2,350,916, June 6, 1944. 

in practice the spacing of the radiating units and the 
length of the overhanging suppressor rods are set at 
optimum dimensions for each operating frequency. 
They are, however, representative of the frequency-
selectivity characteristics of the antenna. 

Fig. 6—Measured variation of normalized impedance with frequency 
across the terminals of the lowest radiating unit for one, two, five, 
and eight radiating-unit cloverleaf antennas when unit separation 
is optimum for 98 Mc. 

A two-slug tuner is used to match the antenna im-
pedance across the lowest radiating unit to that of the 
main coaxial feed line. Its operation and adjustment are 

described later. 
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7—Calculated and measured free-space vertical-plane field-
strength pattern of a five-unit cloverleaf antenna. 

ANTENNA GAIN AND RADIATION PATTERNS 

The power gain G of the cloverleaf antenna is given 
by the following empirical relationship, in which the 
error with respect to theoretical gain is less than  of 
1 per cent, if n is greater than 1: 
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G = 0.565n -I- 0.18.  (I) 

This is plotted on Fig. 8. The gain of a single radiating 
unit is 0.88 with respect to a dipole, or 1.43 with respect 
to an isotropic radiator. Since the radiating units are 
always spaced at a constant-fractional part of the oper-
ating wavelength, the power gain of the cloverleaf an-
tenna is independent of the operating wavelength and 
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8 

Fig. 8—Computed free-space-antenna power gain referred to a di-
pole, versus number of radiating units of a cloverleaf antenna. 

is a function only of the number of radiating units. To 
provide maximum gain the maximum number of radiat-
ing units which a given over-all antenna length will ac-
commodate at the specified spacing is generally used. 
Gain measurements on scale-model antennas have con-
firmed the theoretical gain to within 0.2 db. 
The vertical-plane radiation pattern may be calcu-

lated in the conventional manner employed for calculat-
ing the pattern of a linear in-phase array of equal cur-
rent elements, each of which has a cosinusoidal field-
strength distribution in planes passing through the axis 
of the array. 
A simplified equation for the beam width (4) of 

the cloverleaf antenna, as measured between half-power 
points as a function of the number of radiating units, is 

107 
= — •  (2) 

6 

4 

3 

2 

10  15  20  25  30  35  40  45 
BEAM WIDTH BETWEEN HALF 
PO WER POINTS — DEGREES 

Fig. 9—Calculated and measured vertical-plane beam width between 
half-power points versus number of radiating units of a cloverleaf 
antenna. 

50 60 

The maximum error in beam width as obtained from 
(2) with respect to the theoretical beam width as ob-
tained from a calculated field-intensity plot is negligible 
if n is greater than 1. The theoretical beam width, as a 
function of the number of radiating units, is plotted on 
Fig. 9. The points indicated thereon are from scale-
model measurements. 

SUPPRESSION OF SPURIOUS RADIATION 

Unless precautions are taken, longitudinal currents 
will be induced in the outer surface of the lattice-tower 
structure by the unbalanced potential at the two ends of 
the curved radiating elements. This induced longi-
tudinal current gives rise to undesired vertically polar-
ized radiation, as is the case, for example, when a dipole 
antenna is excited at its center by a coaxial transmission 
line. 

Referring to Fig. 10, it will be observed that the in-
stantaneous direction of the induced longitudinal cur-
rent flowing on the outer surface of the coaxial lattice-
tower structure is opposite in direction to the feed-line 
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Fig. 10—Instantaneous current relations in two adjacent radiating 
units and in interconnecting transmission lines of a cloverleaf 
antenna. 

current on the inner conductor. The potential along the 
curved radiators is maximum across their two ends and, 
as is well known, the phase of the voltage along a radiat-
ing element is substantially constant except near mini-
mum-voltage points. Thus there is along the radiating 
elements themselves a source of voltage external to the 
tower structure of the proper phase and of a variable 
amplitude which may be used to drive the necessary 
neutralizing current through external conductors paral-
leling the lattice-tower structure to cancel the vertically 
polarized spurious radiation caused by induced longi-
tudinal currents. 

The four "suppressor wires," one paralleling each face 
of the tower, are adjusted to points along the radiators 
where the voltage is of the proper magnitude to provide 
substantial cancellation of this unwanted radiation. 
Maximum suppressor current is obtained at a tap-off 
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point close to the tower structure, and maximum current 
is obtained in each wire as it is moved out along the 
radiating element to a voltage-null point. 
To obtain maximum radiation efficiency, precautions 

must also be taken to prevent the flow of induced longi-
tudinal current in those portions of the tower above the 
top and below the bottom radiating units. For this 
purpose a similar means has been employed, which in 
effect comprises an extension of the suppressor wires 
previously described for wavelength above the top and 
below the bottom radiating units. These extensions are 
terminated on the four outer faces of the lattice struc-
ture, as shown on Fig. 11. The current in these quarter-
wave extensions is 180 degrees out of phase with the 

Fig. 11—Quarter-wave rods used to suppress induced longitudinal 
currents in the outer surface of a lattice-tower structure. 

induced longitudinal current in the overhanging ends of 
the lattice structure, and its action is such as to cancel 
unwanted vertically polarized radiation from these 
parts of the lattice structure. The optimum diameter 
of the quarter-wave extensions has been found to be 
greater than that of the wires, but their point of attach-
ment to the radiating elements can be made the same. 
In practice it has been found that the diameter and 

spacing of the suppressor wires is not critical. The 
conductor actually used between radiating units is 
1-inch stranded galvanized cable, and this is positioned 
31 inches away from the tower face. The quarter-wave 
extensions are I-inch-diameter galvanized-iron rod. 
A measured loss in antenna gain of from 1 to 3 db 

is observed when the suppressor wires are omitted. 
The horizontally polarized radiation pattern is, how-

ever, unaffected. This loss varies with the length of the 
antenna and with its particular mounting arrangement. 
It is generally greater for two- to four-unit antennas 
than for five- to eight-unit antennas. Measurements of 
the radiation pattern of a five-unit antenna without the 
wires shows that the vertically polarized field pattern 
has two maximums which correspond closely to the 
pattern about an unterminated wire 2 wavelengths 
long (a distance equivalent to the space between the 
top and bottom radiating unit). When the suppressor 
wires are added, the loss in gain is recovered to within 
the accuracy of measurement (approximately 0.1 db). 

IMPEDANCE MATCHING 

A two-section coaxial "slug tuner," located in the base 
section of the antenna shown on Fig. 12, is used to elim-
inate standing waves on the main coaxial feed line com-
ing from the transmitter. The "slugs" are enlarged-di-
ameter sections supported on the 3-inch inner con-
ductor. The slugs are adjustable (a) in position along 
the line, and (b) in separation, the proper combination 
resulting in the desired impedance match. No other 
adjustments are required. 

Fig. 12—Two-slug coaxial-line tuner located in the base 
section of a lattice-tower structure. 

The impedance-matching capability of this type of 
transformer increases as the length of the slug is in-
creased from zero to wavelength, and also increases as 
its characteristic impedance decreases. For any fixed 
slug length and slug characteristic impedance, its range 
of adjustment permits the elimination of standing waves 
of any position along a line and of any amplitude ratio 
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between unity and a particular maximum value. The 
dimensions selected permit elimination of standing 
waves along the main coaxial feed line from a two- to 
eight-unit cloverleaf antenna at any operating fre-
quency within the f.m. band. These slugs are  wave-
length long at the middle of the band and have a char-
acteristic impedance of about 40 ohms. 

MECHANICAL FEATURES 

The lower end of the 3-inch-diameter center conductor 
is restrained from vibration in high winds by a 1-wave-
length-long, coaxial "metallic-insulator" support stub 
comprising a 11-inch-diameter section of galvanized-iron 
pipe which passes coaxially through the center of the 
base plate of the antenna up through the inside of the 
3-inch-diameter inner conductor for approximately 
wavelength, at which point it mushrooms out to the 

inner diameter of the 3-inch conductor and is solidly 
attached thereto. The 11-inch pipe is clamped in the 
center of the base plate. This support stub also serves 
effectively as an even-order harmonic shunt across the 
main coaxial transmission line. 
Steel is used throughout the antenna structure, since 

all parts may conveniently be zinc-plated (galvnized) 
to a depth substantially exceeding the depth of penetra-
tion of the high-frequency currents. The skin depth 
(depth to which the current penetration is 11€ of its 
surface value) is, for zinc, approximately 0.0006 inch at 
98 Mc., and hot-dip galvanizing commonly applied to 
structural steel is approximately 0.003-inch thick. The 
resistivity of zinc is approximately equivalent to that 
of brass, and, although this is about three or four times 
that of copper, the large surfaces which may be used for 
all antenna conductors reduce the current density 
sufficiently to keep PR losses to a negligible value. 
The tower structure is made in sections 9 feet, 8 inches 

long, which can be bolted together as required upon 
installation, and the inner conductor is likewise in 
sections which can be bolted together to make a com-
plete assembly. A 300-millimeter code beacon may be 
mounted on the top of the structure, if required. 

SLEET-MELTING FACILITIES 

The prevention or elimination of ice from all parts of 
the cloverleaf antenna has been found to be important, 
particularly when heavy icing is experienced. The 
construction of the antenna, however, makes the ap-
plication of sleet melting facilities a relatively simple 
matter. De-icing of the radiating elements themselves is 
accomplished by means of electrically operated Calrod 
heating elements which are inserted into the "grounded" 
ends of the loops (see Fig. 13), the power connections 
being brought up through a conduit which is clamped 
at short intervals to the inside corners of the tower 
structure. 
For de-icing the remainder of the antenna a method 

similar to that used by the power companies for thawing 
frozen water pipes is used. The antenna is connected in 

Decemb 

Fig. 13—Single radiating element of a cloverleaf antenna, showing a 
calrod heater element for sleet removal. 

a series circuit for 60-cycle current by inserting insulat-
ing gasket material at appropriate loop connection 
points. A low-voltage current transformer is then con-
nected between the center-conductor quarter-wave sup-
port stub and the base of the antenna. The gasketed 
connections provide an effective r.f. by-pass capacitor 
and accordingly permit simultaneous high-frequency 
operation of the antenna. The reactance of these "by-

Fig. 14—A completely assembled prototype of an eight-unit 
cloverleaf antenna erected on a special stand for testing. 
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pass capacitors" is very low at 98 to 108 Mc., and con-
sequently their power factor is of no importance. 
The heat-dissipation requirements to prevent the 

formation of ice on the antenna have been investigated. 
The United States Weather Bureau was consulted re-
garding temperature and wind conditions under which 
sleet forms throughout the country. Their records show 
that, with the exception of mountain-top locations such 
as Mount Washington, sleet practically never forms 
when the temperature is below 10° F. Furthermore, a 
wind velocity of 20 m.p.h. is rarely exceeded when sleet 
is forming. Weather Bureau records also show that the 
average interval during which sleet actually forms is 
short, seldom exceeding about two hours. However, 
the greater time required to melt ice after it has once 
formed makes it desirable to have de-icing equipment in 
operation in advance of a possible storm. 
A dissipation of approximately I watt per square 

inch was determined, experimentally, to be sufficient 
to prevent the formation of ice under the above tem-
perature and wind conditions. This was also found to be 
close to the dissipation required to just remove ice 
which had already formed under the same conditions. 
A total de-icing power of 21 kw. for an eight-unit 
cloverleaf antenna satisfies the above requirements. 
Proportionately less power is required for shorter an-

tennas. 
A photograph of a completely assembled prototype 

of an eight-unit cloverleaf antenna erected on a special 
stand for testing is shown in Fig. 14. 
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Theory and Design of Progressive and Ordinary 
Universal Windings* 
MYRON KANTORt, ASSOCIATE, I.R.E. 

Summary—Using as a basis the previous papers by Simon on the 
subject of progressive and ordinary universal coils, their theory is 
extended to improve the accuracy by taking additional factors into 

account. 
The present paper offers a more thorough treatment of the sub-

ject by deriving accurate results, and by employing theoretical ex-
pressions to replace previously required empirical rules. In addition, 
due to a certain convenient change of definition, equations are de-
rived for practical use which are considerably simpler and, at the 
same time, more accurate than those given by Simon. It is shown 
that the proper number of throws of wire per coil revolution is a func-
tion of the coefficient of friction between the surface of the coil form 

and the insulation of the wire. 
To avoid confusion, the symbols used by Simon are also used 

here, and for the sake of completeness and a minimum of cross refer-
ence, the entire analysis is presented, including the derivation of 
formulas for the rate of progression and the gear ratio. A brief de-
scription of the geometry of the winding is included, and, finally, a 
section is devoted to an outline and discussion of practical design 

procedure. 

I. INTRODUCTION 

V 1IHERE ARE two varieties of the so-called "uni-
versal" coil winding now in common use; the 

  progressive universal winding, and the more 
widely used ordinary or stationary universal winding. 

• Decimal classification: R382. Original manuscript received by 
the Institute, November 26, 1946; revised manuscript received, April 
7, 1947. The material of Section IV originally appeared as part of an 
article by the writer called, "Winding calculations for universal coils," 
Engineers' Notebook. vol. 1, March-April, 1945; published by Strom-
berg-Carlson Co., Rochester, N. Y., while he was employed by that 
concern. 
t University of Michigan, Ann Arbor, Mich. 

These have been treated previously in the literature, the 
most detailed analysis being that of Simon.' ,2 
Universal coils are wound by using a special machine 

in which the wire is fed onto a rotating cylindrical coil 
form by a guide or shuttle which is oscillated parallel to 
the coil axis, so that the wire lies in a regularly defined 
zigzag path around the circumference. A familiar ex-
ample of this style of winding appears in a spool of 
twine. The rotation of the shaft supporting the coil 

form is eventually translated into the linear back-and-
forth motion of the wire guide by means of a gear train 
and heart-shaped cam. The principal problem involved 
in the design of these coils is the determination of the 
proper gear ratio required to specify the angular rota-
tion of the cam with respect to that of the coil. In the 
ordinary universal winding the only motions are the 
rotation of the coil and the displacement of the guide, so 
that the coil builds up to a sizable height and has a 
rectangular cross section. In the progressive universal 
winding there is, in addition, a uniform axial displace-
ment of the coil form occurring simultaneously with the 
other two motions so that the coil can not become very 
high, but instead more nearly resembles the familiar 
solenoid winding. Universal windings are used prin-
cipally where low distributed capacitance is required in 
a coil with a large number of turns. 

1 A. W. Simon, "On the winding of the universal coil," PROC. 
I.R.E., vol. 33, pp. 35-37; January, 1945. 

'A. W. Simon, "On the theory of the progressive universal wind-
ing," PROC. I.R.E., vol. 33, pp. 868-871; December, 1945. 
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II. DESCRIPTION OF WINDING 

The developed pattern of a typical progressive uni-
versal winding is illustrated in Figs. 1 and 2. The 
winding surface is shown cut axially along a cylindrical 
element, and then spread out flat. The wires lie in 
straight-line paths because the displacement of the wire 
guide is directly proportional to the angular rotation of 
the drive shaft. In Fig. 1, the wire starts its motion rela-

Al, #  c__ __._1[4—k 

Fig. 1—Developed plane diagram of a progressive universal 
coil with progressive layering. 

tive to that of the coil form at point A, arriving at B 
after the cam has revolved through an angle of ir radians 
corresponding to one throw or guide displacement c. 

*--x---- '1  c.--- L—k 

Fig. 2—Developed plane diagram of a progressive universal 
coil with retrogressive layering. 

The circumference of the coil form is divided into n 
equal parts, where n is the nominal number of throws per 
coil revolution. In the illustration, n is taken equal to 
four. The axial displacement of point B from point A 
is greater than the cam throw c by the small distance k, 
which is the amount that the coil form moves in an 
axial direction during the time required to complete one 
throw. The winding is so arranged that point B does not 
lie exactly at 7rd/n from the starting line, but is located 
so that it is either advanced or retarded by the small 
amount h. This must be done to insure the subsequent 
overlapping of the wires so that the winding may be-
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come firm and self-supporting. In Fig. 2, where B is 
retarded, the layering is called retrogressive, and in 
Fig. 1, where B is advanced, the layering is called 
progressive. 
The wire is laid down (Fig. 1) along the path B-C-D-

E-F, etc. When the second throw is completed at point 
C, the circumferential displacement becomes 2h and 
the axial displacement becomes 2k. Similarly, the dis-
placements from the nominal conditions become 3h 
and 3k at the end of the third throw, 4h and 4k at the 
end of the fourth throw, etc. The first winding cycle is 
completed when the wire reaches point E and is about 
to fall adjacent to the first throw. The second cycle is 
exactly like the first, except that it originates from point 
E instead of A. It should be observed that the number 
of throws completed in a winding cycle is always an 
even integer. The dashed lines in Figs. 1 and 2 indicate 
the loci of the bend points of the wire, thus forming the 
helical ridges around the coil. They are a natural fea-
ture of the progressive universal winding. 
In previous papers the statement has been made 

that, in the time of the forward throw AB, the wire 
guide and the coil form move in the same axial direc-
tion, and that during the backward throw BC they move 
in opposite directions. However, since the time re-
quired for each stroke is the same, the axial wire dis-
placements must be proportional to the relative speeds 
prevailing during the two throws. Because the wire 
displacement evidently is greater during the forward 
throw, it follows that the larger relative velocity also 
must occur for this throw. This can be true only if the 
two motions during the forward stroke are in opposite 

directions. 

III. DERIVATION OF GEAR-RATIO FORMULAS 

The symbols used in the derivation are as follows: 
n =nominal number of throws per coil revolution, ex-
pressed as a simple fraction, q/v, where q is always 
chosen as an even integer of the least possible mag-
nitude. (For example, if n=1.5 or 3/2, then 
q/v= 6/4.) 

q= number of throws per winding cycle 
v =number of coil revolutions per winding cycle 
d= diameter of the coil form, inches 
c =cam throw corresponding to one-half revolution of 
of the cam, inches 

n' = precise number of throws per coil revolution 
h= circumferential displacement per throw of a bend 
point of the wire from its nominal location, inches 

k =axial displacement per throw of a bend point of the 
wire due to the axial motion of the coil, inches. 

si =spacing between centers of adjacent turns of wire 
produced on the forward throw, inches 

s2=spacing between centers of adjacent turns of wire 
produced on the backward throw, inches 

• 
*The reader should note that the term "progressive," as applied 

to the circumferential displacement h, must be distinguished from the 
name employed to describe the type of winding. 

Oc =angular rotation of cam and cam gear, radians 
Od =angular rotation of coil and drive gear, radians 
r =ratio of number of cam gear teeth to number of 
drive gear teeth =0d/Oc. 

R =ratio of number of drive gear teeth to number of 
cam gear teeth =0/ed =1/r 

I.1= coefficient of static friction between the surface of 
the coil form and the insulation of the wire 

4,1= winding angle between an element of the coil form 
and the direction of a forward throw of wire, radians 

4,2= winding angle between an element of the coil form 
and the direction of a backward throw of wire, 
radians 

p =rate of axial progression of the coil form in inches 
per coil revolution 

'=angle between the axis of the coil and the direction 
of the helical ridges 

a =ratio of the width of a helical ridge to the mean 
distance between ridges. 

When the wire travels from one point to another, 
such as from A to P in Fig. 2, its circumferential dis-
placement is y=rd(0,1/27r), and its axial displace-
ment is x = (c ±k)(0,/r) where the positive sign indi-
cates the forward throw and the negative sign the back-
ward throw. Since Oded is equal to the gear ratio R, 
the quotient y/x, which is the tangent of the winding 
angle, becomes 

tan 4,1= ird/2R(c  k) 

tan (In = Td12R(c — k). 

From Figs. 1 and 2, however, 

tan 4,1 = [(ird/n) ± h]/(c  k) 

tan 02 =  [(ird/n) ± 1,]1(c — k) 

(1a) 

(1b) 

(2a) 

(2b) 

where the upper sign indicates progressive layering and 
the lower sign retrogressive layering, a convention which 
will be used in all subsequent equations.' The gear ratio 
is purposely expressed as R, rather than its reciprocal r, 
because this choice leads to simpler final results. 
Comparing (1) and (2), it is evident that 

h = (7d/2R) — (ird/n).  (3a) 

By definition, h >O. Hence, for retrogressive layering, 
2R >n, and for progressive layering, 2R< n. There-
fore, the expression for h is given as 

h = ± ird(n — 2R)/2Rn.  (3b) 

The progression p in inches per coil revolution is the 
product of the axial displacement k in inches per throw, 
and the exact number of throws per coil revolution n'. 
By definition, 1/n' is that fraction of a coil revolution 
corresponding to the actual circumferential displace-
ment of one throw of wire and is equal to [(ird/n) 

4 The term "retrogressive layering" refers to the convention of 
building up the helical ridges in an opposite direction from those of 
progressive layering. This distinction may be noted by comparing 
Figs. 1 and 2. 
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+ h J/rd. But, from (3a), the numerator of this expres-
sion is 7rd/2R, so that n' = 2R and 

k = p/n1 = p/2R.  (4) 

From Fig. 3, which shows the geometry of the spacing 
of adjacent turns of wire in greater detail, the following 
equations are obtained: 

si = qh cos  R qk sin ytil 

52 = qh cos 02 ± qk sin 02. 

(5a) 

(5b) 

Fig. 3—Detailed view of the spacing of adjacent turns of wire. 
(a) Retrogressive layering. (b) Progressive layering. 

In designing a progressive universal coil it is desirable 
to specify only the smaller of the two wire spacings, be-
cause this dimension obviously can not be less than the 
diameter of the wire. Accordingly, for both progressive 
and retrogressive layering, only the negative sign is of 
practical significance in (5a) and (5b). The subscript 
may then be eliminated from the symbol s. 
If the values of O., h, and k, as determined from (1), 

(3), and (4), respectively, are substituted into (5), the 
result is6 

4(1 — b2)R2 — 4n[1 -T e(1 — b2)]1? 

+ n2[1 — a2 2e+ (1— ne2] = 0, (6) 

and, similarly, 

n2[1 _ as  2e + (1 — b2)e2]r2 

— 4n[1  e(1 — b2)]r + 4(1 — b2) = 0, (7) 

where r =1/R, and 

a = s/qc 

b = nslqwd = s/wdv 

e = p/nc. 

The solution to the quadratic equation (6) is 

(8) 

(9) 

(10) 

'The intermediate mathematical steps in the derivation are given 
in Appendix I. 

(11 

Contrary to the usual custom, it is necessary to invert 
the sign before the radical in the above quadratic for-
mula in order to adhere to the convention that the upper 
sign shall always be used for progressive layering. Since 
R <n/2 for progressive layering, the upper sign before 
the radical should not be positive. The solution to (7) is 

{1  e(1 — b2) ± V1— (1— a') (1 — b2)} 
r = (2/ n)   , (12) 

1— a2T 2e+ (1 bt)e2 

and the sign before the radical is opposite to that of 
(11) because r =1/R. This is the same as (15) given by 
Simon,2 except for the inversion of the sign of the term 
e(1 —62). This inversion appears to be a misprint in his 
paper.' 
Equation (11) is exact but complicated. However, it 

is readily apparent that (12) is even more complicated 
than (11), and yet both statements yield exactly the 
same information concerning the gear ratio. For prac-
tical computation, (11) may be simplified with very 
little error by setting b2= 0 since, ordinarily, b2<<1. With 
this approximation, (11) reduces to a simple linear 
equation convenient for rapid slide-rule calculation: 

R = (n/2)[1 R (e  a)]. (13) 

On the other hand, the approximation to (12), as given 
by Simon, is? 

r= (2/n) [1 ± e± N/a2 b2 a2 — e21.  (14) 

The accuracy to be expected from (13) and (14), when 
these equations are used under the most unfavorable 
conditions likely to be met in practice, is of considerable 
interest. Let certain extreme values of a, b and e be 
chosen such that a condition of maximum error in the 
approximate equations is obtained for a coil which may 
still be considered practical. Then, for such values, it 
may be shown that (13) is in error by less than 2 per 
cent, whereas (14) is in error by almost 38 per cent.' 
If the same numerical values of a and b are retained, 
the error in (14) decreases as e diminishes until it finally 
becomes about 5 per cent. However, for exactly the 
same values of the parameters, (13) shows an error of 
slightly more than 1 per cent. 
Thus (13), which is simple enough to be linear and 

free of radicals and squared terms, also is even more 
precise than the cumbersome (14). To obtain the best 
approximation to (12), it is only necessary to set b2= O. 
If this is done, the result is the reciprocal of (13), 
namely, r =2/n [1T (e+a)], which is, of course, just as 
accurate as (13). 

• Appendix II contains a list of typographical errata found in 
Simon s article. 
7 Equation (14) above was taken from footnote reference 2 and is 

equation (16) of that paper. 
▪ Refer to Appendix III for the details of these calculations. 
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This approximation is a natural one because, in effect, 
it makes the gear ratio independent of the changing 
diameter of the coil, a condition which is physically 
apparent, especially in an ordinary universal coil. That 
a self-supporting coil of this kind can be produced at all 
is due entirely to the fact that the diameter has such a 
negligible effect upon the gear ratio. 
The accurate and approximate equations defining the 

gear ratio for ordinary universal coils are, respectively, 

[1  N/1 —  — b2).1  (15) 
R = (n/2)   

(1 — b2) 

and 

R = (n/2)(1 R. a);  (16) 

which are obtained from (11) and (13) simply by set-
ting e =0, because there is no progression p. 
The terms n and e must be specified in the design 

equations if they are to be of practical use. Hitherto, n, 
the number of throws per coil revolution, has been de-
termined by empirical formulas only. It will now be 
demonstrated that a theoretical expression for the maxi-
mum value of n can be derived for the ordinary univer-
sal winding. However, since the progression is usually 
quite small compared to the cam throw, the expression 
for n also may be applied to the progressive universal 

winding. 

IV. NUMBER OF THROWS PER TURN 

The following symbols are important in this section: 
4)= winding angle for the ordinary universal coil, 
corresponding to n throws per turn 
= coefficient of static friction between the surface 
of the coil form and the insulation of the wire 

7=1.4/c. 
In the ordinary universal coil, tan ck =ird/nc, or 

n=rclic tan 4). Since n is constant during the winding 
process, it can be seen that, as the diameter increases, 
so does the winding angle. This natural increase in coil 
diameter dictates a value of n which corresponds to the 
minimum initial winding angle, in order that the wind-
ing may acquire its greatest height. 
Fig. 4 is a sketch of a portion of the winding surface 

of the coil, showing only two complete throws of wire. 
There are three forces acting on this section of wire: the 
two equal tensile forces T at the ends of the wire, and f, 
the resultant of all the retaining frictional forces along 
the wire. Each tensile force acts in a plane which is 
tangent to the cylinder surface at the end of the wire. 
The two planes intersect in a line parallel to the cyl-
inder axis and directly above the bend point of the wire. 
The lines of action of the tensile forces have been ex-
tended backward in the tangent planes until they inter-
sect at their common point of application 0, where each 
tensile force is resolved into three mutually perpendicu-
lar components. For clarity, the components of only one 
of the tensile forces are shown in Fig. 4. 

Fig. 4—Spatial view of a portion of an ordinary universal coil, show-
ing all the mechanical forces acting on two throws of wire. 

The vector representing the force T is the diagonal of 
a small rectangular parallelepiped. The winding angle 
40 is the angle in the tangent plane between T and its 
axial component, T cos 4). The angle P is the angle be-
tween the tangent plane and a plane passing through 
the axis of the cylinder and the bend point of the wire. 
Hence, 13 is the complement of the angle subtended at 
the axis by the projection of one throw of wire on the 
edge of the coil. This subtended angle is equal to 27r/n 
radians. The component of T normal to the surface of 
the coil is T sin 4) cos P, and the component of T in a 
direction tangent to the circumference of the coil is 
T sin ch sin (3, as shown in Fig. 4. Because there are two 
tensile forces acting at the point of application, the 
component T sin  sin /3 is balanced by an equal and 
opposite force. Likewise, the sum of the normal com-
ponents is 2T sin 4) cos fl, and the sum of the axial com-
ponents is 2T cos 0. 
When the wire is on the verge of slipping toward the 

center of the coil surface, the resultant frictional force 
f must be just large enough to equal the sum of the 
axial components of the two tensile forces. Therefore, 

f = 2T cos ek = µ(2T sin 4) cos p)  (17) 

where µ is the coefficient of friction. Since cos P =sin 
(27r/n) and tan 4. =ird/nc, (17) becomes 

(2rIn) sin (27/n) =  = 2/7.  (18) 

This equation can not be solved explicitly for n in closed 
form. It is correct for all values of n>4, or for 7> 4/7-, 
because then the central angle subtended at the axis of 
the coil does not exceed ir/2. When n=4, the intersect-
ing planes of Fig. 4 become parallel to each other, and 
the total normal force exerted at the bend of the wire is 
simply 2T sin cly. When the central angle exceeds ir/2, the 
analysis is continued by supposing that each throw of 
wire on either side of the bend in Fig. 4 is cut at the 
point that is one-fourth of the circumference from the 
bend. The tensile forces at these points in the wire are 
then parallel to each other, as in the case where n = 4. 
Hence, the total normal force exerted at the bend of the 
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wire is 2T sin  and f =2T cos 0./1(2T sin 0), from 
which 

n = µrd/c =  (19) 

This equation states that n is a linear function of -y for 
all 7 4/7r. 

If (18) is solved for 7 and then differentiated with 
respect to n, it is found that the slope of the curve at 
n=4 is the same as the slope of the straight line of (19). 
This indicates that (18) and (19) together give n as a 
continuous function of 7 for all values of -y, as shown 
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Fig. 5—A plot of the curve which determines the maximum number 
of throws per coil revolution as a function of the coefficient of fric-
tion, coil-form diameter, and cam throw. 

in the curve of Fig. 5. Hence, if 7 is specified, the maxi-
jum value of n may easily be determined from this chart. 
For the ordinary universal coil the maximum value of 
n is also the optimum value, if the winding is to be as 
high as possible. It is interesting to note that the pre-
ceding derivation shows that n, and consequently R, is 
independent of the magnitude of the winding tension. 
Representative values of the coefficient of friction for 
various materials have been determined and assembled 
in Table I. 

V. DETERMINATION OF PROGRESSION 

In the sample calculation given by Simon,2 the pro-
gression p is selected arbitrarily for use in the design 
equation. However, the specification of e, and conse-
quently p, is not entirely a matter of free choice, but 
depends upon the desired geometry of the winding. 
Specifically, it will now be shown that the progression is 
determined by the ratio of the width of a helical ridge 
wi to the mean distance between adjacent ridges s„, as 
shown in Fig. 2. Let this ratio be denoted by the sym-
bol a. The angle between the direction of the helical 
ridges of the coil and the axis of the coil is called 0, and 
the length of wire on the forward stroke is called L. 
By definition, 

= Wi/Sr, (20) 

The distance sr-Fws is L sin a 
and a = r — —01. Therefore, 

wi = (c+ k)(sint,l, cos  -I- cos # sin ch)/cos 

or 

and, from Fig. 2, 

wi = c sin  — (rd/n) cos 0.  (21) 

where L= (c+k)/cos 4,1 

(22) 

s, + wi = (c + k)(sin # + tan oi cos 0).  (23) 

But from (1), tan ct•1=76//2R(c+k), so that 

sr+ w1= c sin ik  k sin 1,b  (rd /2R) cos'''.  (24) 

From Fig. 1 or Fig. 3, 

tan it& = h/k  (25) 

and, since sin tli= tan v, cos  (24) becomes 

Sr + w1 = c sin 1,1,  [(rd /2R) + Id cos IP.  (26) 

By substituting for h the expression given by (3), this 
simplifies to 

sr+ ws = c sin 1,1,  (2rd/n) cos IP.  (27) 

Therefore, (21) and (27) yield, as a final result,9 

s, = (27rd/n) cos 1,G.  (28) 

This equation can be deduced directly from Fig. 2, but 
the proof of its correctness is not as conclusive as this 
derivation. Although (28) above is derived for the 
retrogressive layering of Fig. 2, exactly the same result 
may be obtained for the progressive layering shown in 
Fig. 1. 

Now it is possible to indicate just how e (and also p) 
is related to the ratio a. From geometrical considera-
tions, this ratio is bounded according to the following 
relationship: 

0 <  5 1.  (29) 

When the ratio is less than unity, any two adjacent 
ridges of the coil are separated by an opening or depres-
sion similar to that of a space-wound solenoid. When 
the ratio equals unity, this opening vanishes and the 
ridges become contiguous, just like two turns of a close-
wound solenoid. Dividing (21) by (28), 

a = (nc/2rd) tan  — 1/2  (30) 

or 

, tan 1,/, = (27d/nc)(a + 1/2).  (31) 

From (10), e = p /nc; from (4), p =2Rk ; and from (25), 
k =h/tan 1,11; so that 

e = 2Rh/nc tan 1,G.  (32) 

Equation (28) differs by a factor of 2/n from Simon's equation 
(24) of footnote reference 2. His result was obtained for the specific 
instance where n =2 and therefore is not suitable as a general for-
mula. Consequently, his equations (26) and (27) are applicable only 
when n=2. 
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I. 

Substituting, for Ii and tan  the expressions given by 
(3) and (31), respectively, (32) becomes 

e = ± (n — 2R)/2n(a + 1/2).  (33) 

Now, if (11) and (33) are solved simultaneously for R 
and e by elementary algebraic manipulation, the results 
are: 

R=(n/2) {(20-1- 1) [1 -T.V1— (1 — a2)(1—b2)]— (1 —b2)} 
(34) 

2a(1—b2) 

N/1— (1— a2)(1—b2) ± (1 —b2) -T 1 
e=   (35) 

2a(1—b2) 

In (35), if it is recalled that b2<<1, then, approximately, 

e = a/2a.  (36) 

This last expression can be obtained more easily by em-
ploying the approximate (13), rather than (11), in the 
above simultaneous solution. 
From (36), it is evident that once the geometric pat-

tern of the coil is fixed by a suitable choice of the ratio 
a, the value of the progression is uniquely determined. 
By setting b2= 0 in (34), or by substituting e, as given by 
(36), into (13), the following design formula (in terms 

of a rather than e) is obtained: 

R = (n/2) [1 -T a(1  1/2a)]. (37) 

VI. DESIGN PROCEDURE 

Coil-design procedure, as relating to the proper selec-
tion of gears for winding universal coils, can be out-
lined in the following steps: 

Progressive Universal Coils 

1. Determine the diameter of the wire, including the 
insulation. This dimension may then be designated as 
the wire spacing s, if a tight winding is desired. Prac-
tically, however, it is often necessary to maintain some 
separation between adjacent turns to allow for me-
chanical defects in the machine, and for variations in 
thickness of insulation and flexibility of the wire. It has 
been found that, for generally satisfactory results, the 
spacing s should exceed the wire diameter by about 25 
per cent. 
2. Select the appropriate coefficient of friction µ from 

Table I and compute -y= talc where d is the coil-form di-
ameter and c is the cam throw. The proper number of 
throws per revolution n is then obtained directly from 
Fig. 4. It should be selected as the nearest integer, or if 
this is not convenient, as the nearest integer plus a sim-
ple fraction. Such a choice of n avoids a complex wind-
ing pattern, a condition which may result in physically 
defective coils. An odd integer yields the simplest pat-
tern. For progressive universal coils, it is recommended 

that n be selected as the nearest integer below the curve. 
Express n as a fraction, q/v, where q is an even integer 
of the least possible magnitude. (For example, if n is be-
tween 4 and 5, it may be chosen as 4f or 9/2. Then 
q=18 and v=4.) 
3. Select a numerical value for a, the ratio of the 

width of a helical ridge to the mean distance between 
ridges. Because this quantity influences the distributed 
capacitance, inductance, and physical dimensions of the 
coil, which cannot be predetermined, the designer is left 
with a free choice. A close-wound coil requires that 
a = 1, causing the capacitance to be large. When a =1/2, 
the space between ridges becomes equal to the width of 
a ridge. This condition is approximately average for 
many coils. Having selected a, calculate the rate of 
progression from the formula p = s / 2va , obtained from 
(8), (10), and (36). Then determine the gears required 
to produce this amount of progression in inches per coil 
revolution. 
4. Compute the gear ratio R from the equation 

R = (n/2) [1 R a(1  1/2a)] 

where a=s/qc. The choice of plus or minus sign is 
optional, as either one yields satisfactory results. 
5. Set either index of the C scale to the gear ratio on 

the D scale of the slide rule and move the indicator 
along until two gear numbers are found that coincide 
beneath the hairline. The drive gear number is located 
on the D scale and the cam gear number is on the C 
scale. If the machine is built with idler gears having a 
ratio other than unity, the computed value of R first 
must be multiplied by the idler gear ratio, and the result 
set on the slide rule in the manner just described. 

Ordinary Universal Coils 

The procedure in designing ordinary universal wind-
ings is the same as that for progressive universal wind-
ings, except that Part 3 is omitted and the formula for 
the gear ratio is changed to read as follows: 

R = (n/2)(1  slqc). 

APPENDIX I 

DETAILS OF GEAR-RATIO DERIVATION 

Because only the smaller of the two wire spacings is of 
practical importance, (5) can be reduced to 

slq cos 4) = h — k tan (1)  (38) 

where s and 4) represent si and cki for progressive layer-
ing, and s2 and 402 for retrogressive layering. From (1) 
and (4), 

tan 4) = ird/(2Rc ± p)  (39) 

cos 4, = 11V1  Drd/(2Rc ± P)12. (40) 
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If the expressions for h, k, tan 0, and cos 4), as given by 
(3), (4), (39), and (40), respectively, are substituted 
into (38), the result is 

(ns/q7d)V(2Rc ± pr  (rd)2 = ± c(n — 2R) — p. (41) 

After squaring and rearranging terms, this leads directly 
to (6). 

APPENDIX II 

ERRATA IN SIMON'S PAPER' 

Page 868, second line of Table of Symbols: c should 
read e. 

Page 869, line just above the figure: Fig. 3 should 
read Fig. 4. 

Page 869, numerator of equation (15): first + sign 
should read T. 

Page 870, line below equation (20): (6) should read 
(5). 

Page 870, equation (25) and preceding line: w. 
should read wt. 

Page 871, equation (34): ± sign should precede 
the left-hand member. 

APPENDIX III 

ERROR CALCULATIONS 

In order to estimate the maximum error which is 
apt to occur when the approximate equation (13) is 
used in preference to the exact equation (11), certain 
limiting values must be assigned to the terms a and b. 
The radical in (11) may be rearranged into the form 

aV1 — b2 (b / a)2 

from which it can be seen that the approximation in 
this expression is obtained by assuming the term under 
the radical sign to be unity. The error, however, is great 
when b is large and a is small. Now a =s/qc= (ns/rdq) 
(rd/nc)=b(rd/nc), but 7d/nc= tan ch where ck is the 
angle shown in Fig. 4. From (18), nc/7c/ =cot 4, 
= is sin (27/n) SA. Hence, by assuming that the coeffi-
cient of friction has a maximum value of about 0.40 
(Table I), the term a cannot be less than 2.5b. 
Universal coils for radio purposes are seldom made 

with wire larger than No. 22, which has a diameter of 
about 0.025 inch. In addition, let it be assumed that the 
wire spacing s is limited to twice the wire diameter, and 
that the coil form diameter is usually not legs than 
inch. Since the minimum magnitude of v is unity, the 
term b therefore has a maximum value of 

b shah = 0.05/0.257 = 0.0636. 

Hence, the term a has a minimum value of 

a = 2.5b = 0.159. 

In practice, if the opening between helical ridges ex 
ceeds about three times the width of a ridge, the coil 
generally is not acceptable because the winding becomes 
unecomical of useful space in which to attain the desired 
inductance. Such an extreme condition corresponds to 
a =1/4 and 

e = a/2o = 0.318. 

Let a=0.159, b = 0.0636, and e=0.318 be substituted 
into (11), (13), and (14), considering only progressive 
layering at this time. The results are: 
For (11), 

• 2R/n = (1 — 0.3167 — 0.171)/0.996 = 0.514. 

For (13), 

2R/n = 1 — (0.318 + 0.159) = 0.523. 

For (14), 

2R/n = 2/nr = 1/(1 -I- 0.318 + 0.171 + 0.0253 — 0.101) 

= 1/1.4133 = 0.708. 

Therefore, (13) is in error by 

100(0.514 — 0.523)/0.514 = — 1.75 per cent, 

and (14) is in error by 

100(0.514 — 0.708)/0.514 = — 37.8 per cent. 

As the progression decreases, the errors become less, 
until finally, when a = 1 and the coil is closely wound, 
(13) has an error of 7 1.13 per cent, while (14) yields 
an error of —4.65 per cent, these figures being computed 
in exactly the same manner as those above. For retro-
gressive layering, the results are so similar to those for 
progressive layering that they need not also be stated 
here. 

TABLE I 

VALUES OF THE COEFFICIENT OF FRICTION At 

COIL-FORM MATERIAL. 
Insulation 

Silk Cotton 

Cardboard (clean, dry)   

Mica Ceramics (glass-bonded) 
(Mycakx, Mykroy, etc.)   

Phenol Formaldehyde (molded)   
(Bakelite, Resinox, etc.) 

Phenolic Laminates 
(Formica, Phenolite, etc.) 
Cloth Base   
Paper Base   

Polystyrene   

Porcelain 
Glazed   
Unglazed   

Wood   

0.20 

0.24 

0.21 

0.26 

0.18  0.21 

0.20  0.25 
0.15  0.16 

0.16  0.17 

0.12  0.14 
0.36  0.39 

0.21  0.22 
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A Vacuum-Tube-Type Transducer for Use in the 
Reproduction of Lateral Phonograph Recordings* 

JAMES F. GORDONt, MEMBER, I.R.E. 

Summary—A method is described wherein the lateral mechan-
ical vibrations from a phonograph record are used to move a vacuum-
tube element which creates variations in the anode current com-
parable to the anode-current variations caused by a change in grid 
voltage in the regular triode-type vacuum tube. An experimental-
type movable-grid tube is shown, with the performance data. An ap-
plicable circuit is shown and other uses of the tube are mentioned. 

INTRODUCTION 

T
HE MOVABLE-ELEMENT vacuum tube is not 
new.' Phonograph pickups using a mechanically 
driven vacuum-tube element have not been pre-

viously considered, however, because of constructional 
difficulties and cost factors. The technical problems 
presented by relatively high noise level, microphonics, 
insufficient output voltage, fragility, and mechanical 
transmission difficulties have been overcome in experi-
mental models. 
It is possible to make a linear phonograph pickup 

from many low-mass generating devices, provided that 
the amplitude of movement is held to a low value. Un-
fortunately, this often results in too low an output from 
many possible devices for practical application. 
For large vacuum-tube element movements, a con-

siderable departure from linearity is usually experi-
enced. It is desirable to use a structural design providing 
an output comparable to that obtained from other ac-
cepted phonograph pickups, while at the same time 

keeping the element motion small. 

THE EXPERIMENTAL VACUUM TUBE 

The sketch in Fig. 1 shows a parallel-plane triode 
tube with the grid structure communicating directly 
with the stylus. Assuming a zero or negative grid poten-

ELECTRICAL OUTPUT 

Fig. 1—Diagram of a simple triode phonotube arrangement. 

tial, the anode current will normally decrease as the 
grid approaches the cathode. A positive grid will cause 
an increase in anode current as the grid approaches the 

cathode. 
Because of the increased output obtainable, the tube 

here described is operated with a positive grid bias. 

• Decimal classification: R339 X 621.375 X 621.385.971. Original 
manuscript received by the Institute, November 27, 1946; revised 
manuscript received, April 10, 1947. 

Bendix Radio Corporation, Baltimore 4, Md. 
1 U. S. Patent Nos. 1,871,253, G. F. C. Bauer; 2,290,531, G. F. 

Brett; 2,157,719, F. L. Pulaski; 1,936,922, T. W. Sukumlyn; RE 

15,540, L. DeForest. 

Assilming such a device to be linear, a sine displace-
ment of the stylus due to a sine recorded groove devia-
tion results in a sine increment of anode current. To 
accomplish this, a number of difficulties must be over-
come. They are as follows: 
(1) Anode-cathode spacing must be small enough to 

allow low anode-supply voltage; yet spacing must allow 
necessary clearance for grid motion. 
(2) The grid structure must have low mass, but never-

theless must exhibit effective control over the electron 

stream. 
(3) For normal stylus movement the grid should not 

operate too closely to the cathode, since nonlinearity in-
creases. (See Fig. 10(a)). 
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Fig. 2—By maintaining the grid in a fixed position at its neutral point, 
the static grid-voltage versus anode-current characteristics may 
be taken in a normal manner. 

(4) A means of entering the envelope must be de-
vised which makes a tight seal and yet offers no appre-
ciable mechanical impedance to the motion of the stylus 

shaft. 
(5) Sufficient vertical compliance (ease of motion) 

must be incorporated. 
(6) Undesirable resonances must not occur within the 

usable audio spectrum. 
(7) The vertical sensitivity should be low. 
(8) The stylus must have a low lateral mechanical 

impedance. 
(9) The vacuum tube must have a size comparable to 

accepted phonograph pickup cartridges. 
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(10) The entire structure should be of a design which 
can be produced by conventional manufacturing 
methods. 
For early experimental tubes an arbitrary grid-

cathode spacing was chosen to be 0.060 centimeter. 
Using an anode-cathode spacing of 0.160 centimeter, 
fairly linear operation could be obtained. 
Curves of the linearity of operation to be expected 

are shown in Fig. 2. These indicate that for small excur-
sions the harmonic distortion should be low. 
An exact theoretical design approach toward the ulti-

mate triode structure becomes complicated, especially 
where the sizes of elements involved are small with re-
spect to the associated wires and supports. It is pos-
sible to use a simple form of Child's law, as applied to 
parallel-plane triode structures, to determine what may 
be expected with respect to linearity of operation, ampli-
fication factor, distortion, etc. 
By means of the following expressions, determination 

of relative anode currents for a grid excursion of 0.020 
inch, or plus or minus 0.025 centimeter, is as indicated 
in Fig. 3, where 

A b = 0.2 cm.2 (anode area) 
d=0.035 to 0.085 cm. (grid-cathode distance) 
eb=0.25 volt (anode voltage) 
e= 0.20 volt (grid voltage) 
db = 0.160 cm. (anode-cathode distance) 
r, = 0.012 cm. (grid-wire radius) 
P=0.050 cm. (pitch of grid wires) 

2. 7 d,(61-b- — 1) 
d. 

=    

log 
P 2rr„ 

A b eb  itec\312  
p = 2.3 X 106 _ (c/2 \ 1 -I-  ) 

Since the grid structure is pivoted from one end, the 
parallel spacing will not be uniform; i.e., the grid and 
anode as well as the grid and cathode spacing will vary 
as the space between two sides of a hinge. 
For small movements of the grid, a mean point on the 

grid structure may be taken for measuring the excur-
sion. If the tip of the grid structure is used as a meas-
urement of the excursion, the calculated results would 
be as the solid line in Fig. 3, whereas the more exact 
conditions are shown by the dashed line. 
Early tubes used approximately 0.12 cm.2 cathode 

area and 0.2 cm.2 anode area. 
Wire mesh was first used as a grid structure, but was 

later abandoned in favor of the structure shown in Figs. 
4 and 5. 
A 0.002-inch-thick Kovar diaphragm was used, through 

which the stylus shaft passed. The diaphragm was 0.5 
inch in diameter and was a satisfactory means of pro-
viding a flexible seal. A rib pressed at right angles to 
the grid shaft motion prevented undue motion of the 
stylus in a direction parallel to the record groove. 
The air pressure acting on the diaphragm caused it to 

• 
24  26  20 
0  4  2 

(c) 
Fig. 4—(a) Early phonotube model. (b) and (c) Two views 

of the experimental model discussed in the text. 

vertical compliance.2.3 This was accomplished by using 
a thin metal strap, as shown in Figs. 4 and 5, attached 
to the end of the stylus shaft. 

be externally concave. This automatically positioned the 
grid structure. 
If the stylus were attached directly to the end of the 
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Fig. 3—The theoretical computation approximates practice for 
changes in anode current due to grid position. The variations from 
these computations where the grid draws current- and the anode 
voltage is reduced are responsible for the increasing linearity of 
operation, as indicated by the curves of Fig. 10(a), (b), and (c). 

grid shaft, there would be little vertical compliance. In 
order to keep distortion and "needle talk" as low as 
possible, it is desirable to have a certain amount of 
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Fig. 5— Because of the forked structure and the vertically stiff dia-
phragm, plus the vertically compliant stylus strap, very little 
vertical motion actually reaches the grid structure. 

It is generally recognized that a lateral pickup should 
have negligible vertical sensitivity. Since the signal to 
be transmitted to the pickup is entirely vested in the 

2 H. A. Frederick, Vertical Sound Records: Recent Fundamental 
Advances in Mechanical Records on "Wax," Jour. Soc. Mot. Pic. 
Eng., vol. 18, pp. 141-164; February, 1932. 

3J. A. Pierce and F. V. Hunt, "On distortion in sound reproduc-
tion from phonograph records," Jour. Annie. Soc. Amer., vol. 10, 
July, 1938. 
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t4e7ral displacement of the recorded groove, any motion 
!of the stylus in a vertical direction which creates an 
utput from the pickup element must be considered as 
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Fig. 6—Frequency response of an early type of p ckup, along with 
that of the tube described in the text, compared with the ampli-
tude characteristic of the test record used. 

unwanted disturbance. This usually makes itself ap-
parent as random noise, rumble, rattle, and harmonic 
distortion. This unwanted disturbance or increment will 
be present in the output circuits of the device if the 
vertical sensitivity is appreciable. In the experimental 
pickup, vertical sensitivity was reduced by the use of 
the compliant strap, a forked grid structure (Fig. 5), 
and by a vertically stiff diaphragm. 
The difference between vertical and lateral sensitivity 

was measured to be in excess of 30 db. 
Mechanical resonances occurring in the structure were 

not large, and so did not present a great damping 
problem. The greatest difficulty was encountered in pre-

Fig. 7—The pickup arm showing method of mounting the vacuum 
tube for experimental operation. Above—Bottom view of experi-
mental pickup arm. Below—Side view of phono pickup arm show-
ing how the vacuum tube is mounted. 

venting the grid structure within the tube from being 
resonant at a frequency within the usable audio spec-
trum. On the final models this resonance was approxi-
mately 12,000 c.p.s. A small circular piece of damping 
material with a slight projection extending against the 
stylus strap was satisfactory (see Fig. 4). Care must be 
exercised in the application of damping such that the 
mass is not increased beyond the point where satisfac-
tory upper frequency response is obtained. 
An amplitude-sensitivitY curve for the final experi-

mental model is shown in Fig. 6. Practically uniform re-
sponse to nearly zero c.p.s. may be obtained, if desired. 
The vacuum-tube pickup shown in Fig. 4(c) isof simple 

design and may be readily duplicated with conventional 
vacuum-tube manufacturing equipment. The cathode 
plate structures are welded directly to the mounting 
pins, which extend through the envelope as soldering 
lugs or miniature socket pins. The over-all height of the 
tube from stylus tip to the top of the base pins is 2.3 
centimeters. This is small enough to allow styling in 
tone arms of normal design. An experimental pickup 
arm is shown in Fig. 7. The stylus force on the record 
was adjusted to be 15 grams. Satisfactory performance 
is obtained with this bearing weight; however, heavier 
weights may be used, if desired. 

PICKUP APPLICATIONS 

There are several methods for coupling the energy 
from the pickup tube. The simplest form is that of the 
resistance-capacitance coupling shown in Fig. 8. Ex-

R3 

STYLUS 

Fig. 8—A simple form of RC coupling which proved satisfactory 
in the experimental work with the tube. 

amination of the curves of Fig. 10 shows that a plus or 
minus grid deviation does not generally give as linear a 
grid-current change as takes place in the anode circuit. 
It is desirable that no difference in actual grid potential 
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occur between the grid and the cathode due to a varia-
tion in grid current, since this would introduce distor-
tion which would be largely second-harmonic in order. 
The impedance between the grid and the cathode should 
be kept reasonably low at audio frequencies for this rea-
son. 
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The R, and R2 combination serves to bias the grid 
positive. A value of 0.1 megohm for the load resistance 
Rs was satisfactory in obtaining voltage peaks of ap-
oximately 1 volt from standard shellac recordings. 

Transformer coupling is entirely satisfactory, and a volt-
age stepup may be obtained. 
The tube may be operated as a radio-frequency oscil-

lator, under which conditions both amplitude and fre-
quency modulation of the output energy may be ac-
complished. 

STATIC CHARACTERISTICS OF THE VACUUM TUBE 

A test jig was set up using a micrometer screw to 
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type of grid-anode transconductance and the strictly 
electrical type by expressing the grid-anode electro-
mechanical transconductance in terms of, for example, 
vibromhos. This would be the ratio of the grid swing in 
inches or centimeters to the anode current, with other 
conditions fixed, or the ratio of the grid movement t 
the grid voltage required to provide an identical change 
in anode current. 

DISTORTION CHARACTERISTICS 

An examination of Fig. 10 (c) indicates that more 
linearity is accomplished than is indicated in Fig. 3. 
As the positive grid approaches the cathode it becomes 
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Fig. 10—These curves show the relationships between grid current, anode current, grid deviation, and linearity, with respect 
to several anode voltages. Because of the lower distortion, the curves shown in (c) are typical operating characteristics. 

move the stylus by known distances to obtain static 
deviation characteristics. These characteristics are 
shown in Fig. 10 (a), (b), and (c). 
It may be seen from the anode-current versus anode-

voltage curves of Fig. 2 that the anode resistance is 
approximately 50,000 ohms. 
In normal vacuum-tube electrical considerations, the 

transconductance is defined as the ratio of the change 
in grid voltage to the resulting change in anode current, 
with all other conditions fixed. In the case of a vacuum 
tube where the grid and anode potentials remain fixed 
and the anode current depends upon the physical move-
ment of the grid circuit, the grid-anode transcon-
ductance is electromechanical in nature. It should, 
therefore, be expressed as the ratio of grid deviation in 
inches, or some unit of measure, to the accompanying 
anode-current change. 
It would be desirable to differentiate between this 

less effective in increasing the anode current. This is due 
in large measure to the condition in this particular 
structure where the grid current may be as great or even 
greater than the anode current. The result of this con-
dition is to give a straighter anode-current versus grid-
deviation curve (see Fig. 10 (c)). This indicates that, 
for small deviations of the grid structure such as are 
encountered in practice, the harmonic distortion will be 
low (see Fig. 9). 

OTHER USES OF THE PHONOTUBE 

The many applications of the phonotube are too 
numerous for consideration in this paper. The tube 
may be used in an oscillatory circuit as a source of fre-
quency modulation where the grid structure is driven 
mechanically at the modulation frequency. By using 
the output of a discriminator to position the grid struc-
ture of a phonotube inherently connected into a re-
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‘• 

actance-tube-modulated oscillator, effective automatic 

frequency control may be obtained. 

The tube may be used as an electromechanical mixer 

in applications where it is desirable to combine an elec-

trical vibration with a mechanical one. 

CONCLUSION 

The electron tube which has a movable small-mass 

grid structure is practical as a phonograph pickup de-

vice. It possesses high performance characteristics with 

respect to fidelity, amplitude of output, and distortion. 

The device is considered to be of a size comparable to 

existing accepted units used as a phonograph pickup. 
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Field Measurements on Magnetic Recording Heads* 
DONALD L. CLARKt, ASSOCIATE, I.R.E., AND LYNN L. MERRILLt 

Summary—A method is described for measuring relative values 
of the magnetizing force along the path traversed by the recording 
medium in passing through a magnetic recording or reproducing head. 

Field-distribution curves obtained by this method are shown. A 
method for calculating the frequency response of a reproducing head 
from field-distribution data is presented, and results of calculations 
are compared with a measured frequency response. In the recording 
process, the important part of the field lies in the air gap. The high-
frequency response depends on the sharpness of cutoff on the "leav-
ing" side of the gap, and is independent of the shape on the "ap-

proaching" side. 

INTRODUCTION 

I
T IS THE PURPOSE of this paper to describe meas-

urements of the magnetic fields produced by typical 

heads used for wire recording, and to correlate their 

performance with these measurements. The technique 

used in measuring the magnetic field depends upon the 

- measurement of the electromotive force induced in a 

WIRE r AIR GAP 

Fig. 1—Schematic illustration of a conventional magnetic-wire 
recording-reproducing head. 

minute exploring coil as the coil is placed at various 

positions along the path of the recording medium. Re-

sults of measurements using this technique have been 

published by only one investigator,' to the authors' 

knowledge. 

*. Decimal classification: R365.35 X681.843. Original manuscript 
received by the Institute, November 8, 1946; revised manuscript re-

ceived, February 5, 1947. 
t Formerly, Stromberg-Carlson Company, Rochester, N.Y.; now,  

University of Rochester, Rochester, N. Y. 
Stromberg-Carlson Company, Rochester, N. Y. 
I Von Heinz Lubeck, "Magnerische schallaufreichnung mit filmer-

und ringkopfen," Akus. Zeit.; vol. 2, pp. 273-295; November, 1937. 

EXPERIMENTAL TECHNIQUE 

A schematic illustration of the type of head upon 

which most of the measurements were performed is 

given in Fig. 1. This is a conventional head having a 

high-permeability core, a close-fitting slot for the wire, 

and a short air gap. 
The mechanical setup used for positioning the explor-

ing coil with respect to the head is illustrated in Fig. 2. 

It is evident from the figure that the position of the coil 

is fixed, and that the head is movable with respect to it. 

The exploring coil is the most critical part of the setup, 
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EXPLORING 
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SUPPORT 

EXPLORING 
COIL  LEADS 

DETAIL OF 
EXPLORING 
COIL 

t!thlt: 

MICROMETER 

Fig. 2—Mechanical arrangement for positioning the head with 
respect to the exploring coil. 

and several were tried before a reasonably satisfactory 

coil was obtained. It is desirable to make the coil very 

small in order to determine the field distribution with 

as much detail as possible. The most satisfactory type 

of coil used consisted of a single turn of No. 46 Formex-

insulated wire wound around  a 0.0012 X0.015-inch 

phosphor bronze strip. The leads from the coil were 

twisted tightly together for a distance of several inches 

to minimize the effect of stray fields. 
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A block diagram of the electrical setup for measuring 
the e.m.f. induced in the exploring coil is shown in Fig. 
3. A current of any desired amplitude and frequency is 
supplied to the head under test by the audio oscillator. 
The induced e.m.f. is amplified and measured with a 
wave analyzer tuned to the oscillator frequency. With 
this arrangement, voltages as small as 10-8 volt were 
detectable. 

CURRENT 

IN  

T -1 AUDIO 

OSCILLATOR    

EXPLORING 

COIL 

WAVE 

ANALYZER 

HEAD 

Fig. 3---Block diagram of the electrical setup for measuring 
e.m.f. induced in the exploring coil. 

RESULTS OF M EASUREMENTS 

Since the permeability of the material enclosed by 
the exploring coil is practically that of free space 
(neglecting eddy-current effects), the flux linking the 
coil is proportional to the magnetic potential difference 
across the coil. Since this magnetic potential difference 
occurs over a very short fixed distance, the flux through 
the coil, and hence the voltage induced in the coil, can 

I0 

09 

0.8 

II 

RELATIVE VOLT
AGE 

II
 

I 
 _ I 

07 

0.6 

0.5 

'0.4 

03 

0.2 

0.1 

-03 -02 -01 01 02 03 • 

-0.1 DISTANCE- INCHES 

I 

Fig. 4—Relative voltage induced in the exploring coil as a function 
of distance along the path of the recording wire. 

be considered to be proportional to the magnetizing 
force along the axis of the coil at the point where the 
coil is placed. Thus, if the exploring coil is placed at 
various positions along the path of the recording 
medium, a measure of the relative magnetizing force to 

which the recording medium is subjected at each point 
can be obtained. It is assumed that the field distribu-
tion is not appreciably affected by the presence of the 
recording medium in a practical case, because the perme-
ability of the recording medium is very small compared 
with the permeability of the core. 
A typical graph of voltage induced in the exploring 

coil as a function of distance along the path of the re-
cording wire is shown in Fig. 4. The large peak at the 
origin is obtained when the coil is in the air gap, and the 
smaller peaks when the coil is entering and leaving the 
slot. Measurements on different types of heads indicate 
that the shape of the field-distribution curve varies con-
siderably with the design of the head. In particular, the 
shape of the small peaks on either side of the curve 
shows large variations for different heads, this shape 
depending upon the configuration of the slot in the 
regions where the recording wire enters and leaves the 
head. 

The current required to saturate the core of a head 
can be found by placing an exploring coil in the air 
gap, and measuring the induced voltage as a function of 
the exciting current. Correlation of the current required 
to saturate the magnetic circuit of the head with 
that required for recording at saturation levels on 
wires of known coercivity shows that saturation of the 
head is not appreciable for wires having coercivities less 
than 600 oersteds. 

Magnetizing force as a function of frequency can be 
measured in a similar manner. What variation is found 
is due to resonance of the inductance of the coil with 
its own distributed capacitance. The variation is not 
necessarily detrimental, and for conventional heads is 
small in the audio-frequency range. 
No important variation in the shape of the field-dis-

tribution curve has been found when the amplitude or 
frequency of the exciting current is varied, or when bias 
current is present. 

THEORETICAL DETERMINATION OF FREQUENCY 

RESPONSE OF A REPRODUCING H EAD 

It is desirable in gaining an understanding of the 
operation of a reproducing head, and in designing heads 
for improved performance, to be able to calculate the 
frequency response from a measurement of the field dis-
tribution. A method for accomplishing this follows. 
The field-distribution curve of Fig. 4 was obtained 

by exciting the coil of the head with a known current 
and measuring the voltage in the exploring coil. By the 
reciprocity theorem it would be possible to interchange 
the current and the voltage; that is, if the same current 
were used to excite the exploring coil, the same voltage 
would be read across the coil of the head. Under these 
conditions the exploring coil can be considered to be a 
source of magnetic potential difference acting over the 
effective length of the coil. If the effective length is suffi-
ciently small, the exploring coil can be considered to be 
the source of a certain magnetic potential difference per 
unit length; that is, a magnetizing force, applied at a 
given point. Knowing the voltage induced in the coil of 
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the head with this applied magnetizing force, and know-
ing the frequency and the number of turns in the coil, it 
is possible to calculate the flux in the lower leg of the 
core. By this reasoning, the curve of Fig. 4 represents 
relative values of flux in the lower leg of the core of the 
head resulting from a certain magnetizing force applied 
at any point along the path of the recording wire. 
Noting that the curve of Fig. 4 exhibits symmetry 

about the center line of the gap and approximate local 
symmetry about the small peaks on either side of the 
gap, the curve can be represented by the following em-
pirical expressions: 

f(x) = Ae-air 

f(x) = — 

f(x) = — Be-as(r-c) 

f(x) = Ae+air 

f(x) = — Be_  

f(x) = —  

where 

for 

for 

for 

for 

for 

for 

0 :5- x  a; 

b  x  c; 

c  x  d; 

— _xS0 
(1) 

7r 
= 2M sin —  - 

L 

integrating the effects of all the elements whose influence 

is appreciable. 
Neglecting demagnetization, the applied magnetizing 

force may be taken as 

m = M sin — (x — vi) (2) 

where 

m =instantaneous magnetizing force (ampere turns/ 
inch) 

M =maximum magnetizing force (ampere turns/inch) 
L= one-half wavelength =v/2f (inch) 
v= velocity of the wire (inch/second) 
x =distance from center line of gap (inch) 
t= time (second) 
f= frequency. 

The flux through the core of the head is then 

+d = MJ f(x) sin — (x — vt)dx,  (3) 
-d 

or, integrating and combining terms, 

rc 
(a22 — a32) sin —  (a2  a3) {(—) 2 } 

rc 
a2a3 cos — 

L 

{   
27. 2Ct22  ±  (7 ) } { e 32  +  ( j) 2} 

f(x)= the magnetizing force at the distance x from 

the center of the gap 
A =the magnetizing force at the central peak 
B =the magnetizing force at the lateral peaks 
a = the abscissa to the point where e x becomes 
negligible 

b= the abscissa to the point where e-a2(-x+e) becomes 

negligible 
c= the abscissa to the center line of the small peak 
d= the abscissa to the point where e-a3(z-c) be-
comes negligible. 

Assume a sinusoidally magnetized wire to be drawn 
through the slot of the reproducing head at an arbitrary 
constant velocity, the wavelength and amplitude of the 
sinusoidal distribution being arbitrary. The effect of 
each element of wire in sending flux through the lower 
leg of the core can be found by multiplying the mag-

-2rf  2rfc 2712 
 (a2 aa) sin  + •{( — -1-a2a3} 

e = 47(10-8 )N M A f cos 2r t 
Ot2a3 

al 
.1  2  (4) 

/ r \ 

a12  

To establish a relationship between the coefficients A 
and B, consider a unit pole to be moved along the path 
of the recording wire from a point far outside the head 
on one side to a point far outside the head on the other 
side and back to the starting point by a path well re-
moved from the head. Since there has been no net 
change in the magnetic potential, the net area between 
the curve f(x) and the x-axis must be zero. 

Thus +d 

d f(x)dx = O. (5) 

Substituting for f(x) and integrating yield 
A  a2a3  

B= —  (6) 
al az  a3 

Making use of (4) and (6) and the fact that 
e= Ndrb/dt(10)-8 , the voltage induced in the coil of the 

head is 

27rfc 
cos   

al 27rf)2 

netizing force produced by the element of wire by the 
ordinate to the field-distribution curve at the point 
where the element is situated. Applying the principle 
of superposition, the total effect of the wire in sending 
flux through the lower leg of the core can be found by 

e = 47r(10-8 ) 

a22 COS 

NMAf cos 22rf! 

a 

2/ 12 
al 2 + ( 7 _ 

where N is the number of turns in the coil. 
If f(x) may be assumed symmetrical about 

peaks on either side of the gap 
(22 = a2  

and (7) becomes 

2rfc 

«12 

(7) 

the small 

(8) 
cxi 
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Frequency-response curves have been calculated us-
ing (7) and (8) with values of the constants determined 
from the data plotted in Fig. 4. There was good agree-
ment between the curves obtained from the two equa-
tions. Since (8) is the simpler of the two and is adequate 
to illustrate the principles involved, it will be used in the 
discussion that follows. 
The values of the constants used in (8) are as follows: 

ai = 375 

a2 = 17 

c= 0.14 inch 

v = 24 inches per second. 

The empirical field-distribution curve obtained when 
these constants are substituted in (1), and the measured 
field-distribution curve, are shown in Fig. 5 plotted to 
expanded scales. The frequency-response curve calcu-
lated with (8) is shown in Fig. 6, together with a meas-
ured frequency-response curve for the same head. 

(a) 

MAGNETIZING 

Ui 

-J 
Ui 

1.0 

0.5 

-0.010  0  0.010 
DISTANCE - INCHES 

-0.3  -02  -0.1  0  01  02  03 
0.03   

DISTANCE - INCHES 
Ui 
cr 

Fig. 5—Measured and empirical field-distribution curves plotted 
with expanded scales to show comparison. Dots are measured 
points. (a) Expanded horizontally. (b) Expanded vertically. 

The characteristics of the frequency-response curve 
can be accounted for by considering (8). At very low 
frequencies each term in the brackets is nearly equal to 
unity, and the difference between them is very small. 
Thus the voltage induced in the coil of the head is very 
small for frequencies corresponding to wavelengths 
which are large compared with the dimensions of the 
head. 
As the frequency increases, the first term in the 

brackets oscillates and decreases in amplitude. The sec-
ond term remains practically constant throughout the 
low-frequency range. Thus, in the frequency region 
where the wavelength is of the same order of magnitude 

(b) 

0.02 

as the dimensions of the head, there are undulations in 
the frequency response which gradually become imper-
ceptible with increasing frequency. On the average, the 
response will increase about in proportion to frequency 
in the low-frequency range. Because of the undulations, 
it will rise somewhat faster in certain regions, particu-
larly at frequencies lower than that at which the first 
maximum occurs. 
For frequencies corresponding to wavelengths which 

are small compared with the dimensions of the head, the 
first term in the brackets of (8) will be negligible. The 
response is then due entirely to the discontinuity 
at the gap. As the frequency increases and the wave-
length becomes very small, the measured response 
reaches a maximum and then falls off rapidly. The 
calculated response behaves quite similarly. 

rn 40 

- 30   
Ui 
(i) 

fY) 20 
Ui 
cr 

Ui 
> 10 
F-7 
-J 
LiJ 
Cr,  0   
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MEASURED 
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FREQUENCY  IN  CYCLES  PER SECOND 

Fig. 6—Frequency-response curve calculated from field-distribution 
data compared with measured frequency-response curve. 

The lack of agreement between the calculated and 
measured response in the high-frequency region is due 
to three factors: first, the neglect of self-demagnetiza-
tion; second, the finite dimensions of the exploring coil 
which made it impossible to determine the field-distri-
bution curve in sufficiently fine detail for accurate 
calculations; and third, the inaccuracy in the empirical 
representation of the data in the respects that deter-
mine the performance of the head' near its high-fre-
quency limit. 

EFFECT OF FIELD DISTRIBUTION ON PERFORMANCE 
OF A RECORDING HEAD 

The reproducing process differs from the recording 
process in that in the former all elements operate in an 
essentially linear fashion, while in the latter the opera-
tion of the recording medium is decidedly nonlinear. 
This greatly complicates analysis of the recording 
process. Without detailed analysis, however, it is pos-
sible to show qualitative correlation betwen the field 
distribution and the performance of a recording head. 
When a signal is recorded on a magnetic medium, the 

process consists essentially of subjecting each element 
of the medium to a peak value of magnetizing force so 
related to the signal that the flux remaining in the ele-
ment is proportional to the instantaneous value of the 
signal. The proper relation between the signal and the 
peak magnetizing force is established by the use of a 

4 
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biasing field superimposed upon the signal field.2 In 
order that the flux remaining in the element may de-
pend only upon the peak magnetizing force, it is essen-
tial that the element be subjected to no subsequent 
reversals of magnetizing force which are comparable in 
magnitude with its coercive force. 

MAGNETIZING F
ORCE 

Iii 

- 
Iii 

—03  —02  —0.1 

10   

0.9   

o   

0.7   

0.6   

05   

0.4  '  

0.3  •  

0.2   

01   

o n  

0.1 

—0.2 

01  0.2  0.3 

DISTANCE — INCHES 

• 
Fig. 7—Relative magnetizing force as a function of distance along 
the path of the recording medium for an experimental recording 
head. 

Measurements on typical recording media show that 
the coercive force is roughly one-half the maximum ap-
plied magnetizing force when the medium is working be-
low saturation. Thus, after an element of the medium 
has been subjected to a certain magnetizing force, sub-
sequent applications of magnetizing forces having per-
haps one-fourth this value would have little effect on 
the flux remaining in the element. According to this 
reasoning, then, the portion of the field of a recording 
head which is important in the recording process is that 
part in which the magnetizing force is greater than about 
20 or 30 per cent of the maximum value of the mag-

netizing force. 
In order that an element of the recording medium 

shall not be subjected to a reversal of magnetizing 
force when recording signals of high frequency, it is 
necessary to remove the element from the influence of 
the recording field in a time equal to or less than ap-
proximately half the period of the highest frequency to 
be recorded. In practice this is accomplished by having 
the field of the recording head decrease as rapidly as 
possible in the direction in which the medium leaves the 
head, and by moving the medium with sufficiently high 
velocity. When these conditions are not met, the 
medium is subjected to one or more reversals of mag-
netizing force, partial erasing takes place, and the 
high-frequency response of the system is impaired. 
The manner in which the magnetizing force applied 

to an element builds up to its peak value is relatively 

2 L. C. I lolmes and I). L. Clark, "Supersonic bias for magnetic re-
cording," Electronics, vol. 18, pp. 126-136; July, 1945. 

unimportant. The reason for this is that the flux re-
maining in each element of the medium is, for practical 
purposes, determined by the maximum magnetizing 
force to which it has been subjected. This means that 
the shape of the field of a recording head is relatively 
unimportant in the region where the field applied to an 
element of the medium is increasing to its maximum 
value as the element moves through the head. 
Fig. 7 shows the field distribution of an experimental 

recording head. Fig. 8 shows frequency-response curves 
measured using this head for recording and a conven-
tional head for reproducing. The upper curve represents 
the response obtained when the recording wire was 
traversing the head from right to left, and the lower 
curve from left to right, as referred to Fig. 7. 

> 10   
17-
4 
Ui 
cc- 0   

100  200  500  1000  2000  5000  10000 

FREQUENCY IN CYCLES PER SECOND 

Fig. 8—Comparison of frequency-response curves for (A) an abrupt 
change in the field, and (B) a gradual change in the field as the 
medium leaves the recording head. 

It is evident that, as the wire traverses the head from 
right to left, the recording field builds up slowly to a 
maximum and then drops abruptly. The shape of the 
frequency-response curve measured under these condi-
tions is indistinguishable from that measured with a 
conventional recording head, with the remainder of the 
elements of the system unchanged. Thus the slow 
build up of the recording field and the large irregularity 
in the decay of the field have no appreciable effect on 

the recording process. 
On the other hand, when the recording wire traverses 

the head from left to right, as referred to Fig. 7, the 
recording field builds up rapidly and drops slowly. The 
lower curve of Fig. 8 represents the frequency response 
measured under these conditions. It is evident that 
somewhat more than an octave has been lost in the 
high-frequency region. This loss is attributed to the 
erasing action which takes place when the medium is 
subjected to several reversals of decreasing magnetizing 
force while within the influence of the recording field. 
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Video Delay Lines* 
J. P. BLEWETTt, ASSOCIATE, I.R.E., AND J. H. RUBELI, ASSOCIATE, I.R.E. 

Summary—Continuous coaxial transmission lines are described 
in which the velocity of propagation is about one one-thousandth of 
the velocity of light. These lines include a solenoidal inner con-
ductor and a Litz-braid outer conductor. Phase and amplitude dis-
tortions in such lines are discussed, and design procedures are pre-

sented to yield lines of optimum performance under various condi-
tions. 

• I. INTRODUCTION 

THIS PAPER describes delay transmission lines 
for delaying video signals by periods from a frac-
tion of a microsecond up to 2 or 3 microseconds. 

These lines are of reasonable size and have properties 
which are not unduly frequency-dependent. Their 
characteristic impedances are of the order of a thousand 
ohms. Such lines can also be used for pulse forming, 
impedance matching,' or electrical filtering.2 

II. CONSTRUCTION OF CONTINUOUS DELAY LINES 

The lines to be described are the result of increping 
to the limit the number of sections in the usual synthetic 
line of cascaded tee or pi network elements. The in-

POLYVINYL 
COATING 

SOLENOID  COTTON 
WIRE  WRAP 

ALUMINUM 
SPRAY 

SHEATH 

TAPE 

CORE (SARAN TUBING) 

Fig. 1—Details of construction of continuous 
delay line. 

ductance elements merge into a continuous coil and the 
capacitive elements are replaced by the distributed 
capacitance between the turns of this coil and an outer 
shield. Physically, this structure takes the form shown 
in Fig. 1. The solenoid is wound on a flexible insulating 
core of polyvinylidene chloride ("Saran") about -flg inch in 
diameter. The coil is close-wound of 3- or 4-mil Formex-
insulated copper wire. A layer of insulating tape serves 
as the dielectric between the conductors of the line, and 
the outer conductor is a braid of insulated wires con-

* Decimal classification: R117.2. Original manuscript received by 
the Institute, December 13, 1946; revised manuscript received, May 
26, 1947. 

Formerly, General Electric Company, Schenectady, N. Y.; now, 
Brookhaven National Laboratory, Upton, L. I., N. Y. 
t Formerly, General Electric Company, Schenectady, N. Y.; now, 

Hughes Aircraft Company, Culver City, Calif. 
H. E. ICallmann, "High-impedance cable," Pxoc. I.R.E., vol. 34, 

pp. 348-351; June, 1946. 
'H. E. ICallmann, 'Transversal filters," PROC. I.R.E., vol. 28, pp. 

302-310; July, 1940. 

nected together at one end of the line. A cotton covering 
and an outer shell of polyvinyl tubing complete the 
line. In use, a ground connection is made at one end 
to the outer conductor. Input and output leads are at 
opposite ends of the internal coil. It has been found, for 
reasons which will appear in Section IV, that a layer of 
aluminum paint over the inner coil has the effect of de-
creasing phase distortion in these lines. 
If the outer conductor of the line also takes the form 

of a coil, wound in the opposite direction to the inner 
coil, the inductance per unit length will be increased by 
a factor approaching four. It will be shown below, 
however, that the higher delay per unit length achieved 
in this way may result in serious phase distortion, so 

(c)  (d) 
Fig. 2—Effect of delay on a 1-microsecond pulse. (a) I-microsecond 
pulse generated by discharge of a double--layer delay line. (b)!. 
microsecond pulse delayed 1 microsecond in a single-layer line. 
(c) 1-microsecond pulse delayed 3 microseconds. (d) I-microsec-
ond pulse delayed 5 microseconds. 

this feature of the double-layer line is not necessarily 
an advantage. Since, moreover, it is impossible to 
ground both input and output of the double-layer line, 
this line has not found much application and has not 
been carried into production. In the laboratory the 
double-layer lines have been used chiefly as pulse-form-
ing lines, since in this application they seem to be some-
what better than single-layer lines. When discharged 
through an 884 tube into its characteristic impedance, 
the double-layer line yields square pulses such as that 
shown in the oscillograph trace of Fig. 2(a). 

III. PERFORMANCE OF CONTINUOUS DELAY LINES 

In a typical single-layer line, the mechanical char-
acteristics were as follows: 
Core diameter: 3/16 inch 
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1[. 

e. 

Over-all wire diameter: 3.6 mils (No. 40 A.W.G., 
Formex-covered) 

Number of turns per inch: 277 
Tape covering: 3/8X0.0015 inch aceto-butyrate tape, 
single wrap, with 50 per cent overlap 

Litz-braid outer conductor: 192 strands of No. 36 
A.W.G. Formex-covered wire braided in 8-strand 
strips at a pitch of 1:9 inches. 

The electrical characteristics of such a line are: 
Inductance per inch length: 51 µh. 
Capacitance per inch length: 42 pilfd. 
Characteristic impedance: 1100 ohms 
Delay per foot length: 0.55 microsecond 
Attenuation: 1.3 db per microsecqnd delay. 
As will be demonstrated in the next section, delay lines 

are increasingly subject at high frequencies to phase and 
amplitude distortion. Around 3 or 4 Mc., the wave-
length along the line just described becomes short 
enough that a turn of wire begins to find itself mag-
netically coupled with turns which are appreciably out 
of phase with it. This results in an apparent decrease in 
inductance and increase in propagation velocity with 
frequency, and composite signals will undergo "phase 
distortion." Amplitude distortion is due to skin effects 
and dielectric losses, both of which become important 
at high frequencies. Amplitude distortion may mask 
phase distortion to some extent by attenuating the 
high-frequency components which have suffered phase 
distortion. Both amplitude and phase distortion can be 
varied within wide limits by changes in design param-

eters (see Section IV (E)). 
Fig. 2 shows oscilloscope traces of a 1-microsecond 

pulse delayed 0, 1, 3, and 5 microseconds in a line of the 

design discussed above. 

IV. THEORY OF DELAY LINES 

A. Line Inductance, Capacitance, Delay and Characteristic 

Impedance 
The low-frequency inductance per unit length Lo and 

capacitance per unit length Co of a delay line follow 
from standard formulas. For the single-layer line with 

close spacing, 

Lo = 10-91.2n2 .1.1  henry/cm. 

Co = A kD/s farad/cm. 

where D =line diameter in centimeters 
n = number of turns per centimeter 
s =separation between inner and outer conductor 

in centimeters 
k =effective dielectric constant of material sepa-

rating inner and outer conductor 
A = geometrical factor of the order of 5 X10-'3. 

If we neglect losses, variation of inductance with 
frequency, and distributed series-capacitance effects, 
the delay per unit length is given by the transmission-

line relation 

(1) 

(2) 

To = V.TOCO = 10-4 (A kl)1/4 2/ s) 12 sec./cm. 

and the characteristic impedance by 

(3) 

Dsn2)'12 
Zo = V rolTo. = 10-4( —  ohms.  (4) 

A k 

B. Variation of Inductance with Frequency 

In Section III above it was noted that part of the 
inductance of a turn of the delay line winding may 
derive from coupling with turns which are not in phase. 
At higher frequencies, when the wavelength along the 
line becomes short, this out-of-phase coupling may 
result in a material decrease in the effective inductance 
per unit length of the winding. The actual amount of this 
decrease will now be determined. We are indebted to 
H. Poritsky and Mrs. M. H. Bleyett for the treatment 

which follows. 
For the purposes of this computation, it is assumed 

that current flows only in the azimuthal direction in a 
thin sheet of infinite conductivity. It is assumed further 
that all fields include a factor 

e iw(P—s/v) 

where z measures distance along the z axis of a cylin-
dricil co-ordinate system coaxial with the delay line, 
and where v, the velocity of propagation along the line, 
is much less than c, the velocity of light in free space. 
We now set up Maxwell's equations in cylindrical 

co-ordinates and solve them subject to the above as-
sumptions. As usually happens in problems of this sort 
with cylindrical symmetry, the various field components 
.prove either to be zero or to be expressible in Bessel 
functions. The arbitrary coefficients which appear in 
the general solution are evaluated from the boundary 
conditions, which are as follows: 
1. All components are finite along the axis. 
2. All components vanish at infinity. 
3. The axial component of magnetic field has a dis-
continuity at the conducting surface, proportional 
to the current flowing in the surface. 

4. All other components are continuous through the 
conducting surface. 

The final result when these procedures are completed 
will now be tabulated. The nonvanishing field com-
ponents prove to be the axial and radial magnetic fields 
and the azimuthal electric field. Inside the solenoid 
these components are as follows: 

47rwanI 
H, =   K1(wa/v)I0(cor/v)eNct--. /.) 

47rjwanI 
H, -   K1(wa/v)Ii(cor/v)eiw(1-.0)  

E. = 4irjahan/ X 10-7 Ki(wa/v)/1(wr/v)c).(g-tiv) 

Outside the solenoid: 

• (5) 



1582  PROCEEDINGS OF THE I.R.E.— Waves and Electrons Section December 

42rwanI 
H, =  I i(wa/v)K0(4.1r/v)ciwo-tio 

42rjwanl 
H, -   I i(coa/v)Ki(cor/v)eiw(1-'10 

E. = 42ricoanl X 10-7 I i(coa/v)K i(cor/v)e,'"-ov) 

where 
a = the radius of the solenoid in meters 
n= the number of turns per meter of the solenoid 
1= the current in amperes in a turn of the solenoid 
/0, I, Ko and K1= the modified Bessel functions of the 
first and second kinds, respectively.9 

The above solution is in m.k.s. units. 
We are now in a position to evaluate the impedance 

of the coil, since the voltage drop per turn is 
2raE.(r =a). The impedance is 

22ranE. 
X =  (r = a) ohms/meter 

iw8,r2a2n2  10-9 /1(0)a/v)Ki(wa/v) ohms/cm.  (7) 

This is the reactance produced by an inductance of 

L = 8,2a2n2  10-9  ri(wa/v)Ifi(coa/v)  • 

= 27r2D2n2  10-9 I i(r1) /X)Ki(TD IX) henries/cm.  (8) 

where D= line diameters in meters, and X =wavelength 
measured along the line in centimeters. 
At low frequencies, i.e., for small values of TD/X, the 

quantity Ii(irD/X) Ki(rD/X) is approximately s and 

1.0 

.e 

1 
1. 
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00 
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Fig. 3—Variation of inductance with frequency. 
inductance   X 

low-frequency inductance VS.  D 
X= wavelength along the line 
D =diameter of line 
L.= inductance per unit length 
Lo =inductance per unit length at low frequency. 

(6) 

(8) becomes identical with (1). At higher frequencies 
the value given for L by (8) falls below the low-fre-
quency value. For X/D =16, L has decreased by 5 per 
cent; for X/D =4, the value of L is only about .half of 
its low-frequency value. The complete relation between 
L/Lo and X/D is plotted in Fig. 3. The decrease in in-
ductance for the line described in Section III, at 4 Mc., 
will be about 2 per cent. 

$ A. Gray, G. B. Matthews, and T. M. MacRobert, 'Besse' Func-
tions," Macmillan Co., New York, N. Y., 1922. In the deduction of 
the above results it is necessary -to invoke the theorem which states 
that 

Io(x) Ki(x)-1-Ko(x) Ii(x)=l/x. 

From (5) and (6) it is possible also to show that the 
fields outside the line are weak compared with those 
inside, over the low-frequency range. This makes it 
possible to coil up delay lines with turns in close prox-
imity without noticeable effects on the propagation. 

C. Phase Distortion 

Phase distortion, or variation of propagation velocity 
with frequency, arises in delay lines, for the most part, 
in three ways. In the video range by far the most im-
portant cause is the variation of inductance with fre-
quency, discussed in the preceding section. At higher 
frequencies, distributed-series-capacitance phase distor-
tions become appreciable, and at low frequencies (of the 
order of 100 kc. and below) phase distortions appear due 
to the resistive component of the line impedance. 
The effects of the variation of inductance with fre-

quency will be considered first. The fractional delay 
error due to this effect will be 

ST  VroC-70- - VLC*0 
- 1 — V2/1(20/X)Ki(3,.D/X). (9) 

To -  Nrto—Co 

But lA =delay per cm. (T) times the signal frequency 
(f), so that 

D/X = fTD = fT0D(T/T0) 

= fT0DV2Ii(TD/X)Ki(TD/X).  (10) 

By graphical or numerical methods D/X can now be 
eliminated between (9) and (10), so that bT/To can be 
plotted as a function of froD. Such a plot is given in Fig. 
4. The delay error predicted by this curve agrees within 
2 or 3 per cent with that determined experimentally 
for a number of lines with a variety of design param-
eters. 

Phase distortions due to distributed capacitance re-
sult in delay errors having the opposite sign to those 
caused by the variation of inductance with frequency. 
If series capacitance CD per unitlength is included 
in the computation of the effective series element, it is 
evident that Lo in (3) must be replaced by 

Lo 
1 - co2L0CD 

The net effect will be an increase in delay with fre-
quency up to the point at which the line becomes self-
resonant. For the lines discussed here the resonant fre-
quency will be of the order of 100 Mc., and series-
capacitance-effects will be negligible in the video range. 
CD may be increased by artificial means, however, to 
the point at which its effects help to compensate for the 
effects due to the variation of inductance with fre-
quency. The aluminum-spray coating mentioned in 
Section II serves this purpose for some types of produc-
tion delay lines. More refined compensation techniques 
are described by Kallmann.4 

4 H. E. Kallmann, "Equalized delay lines," PROC. I.R.E., vol. 34, 
pp. 646-657; September, 1946. 
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The inclusion of a resistance R per unit length in the 
line element will change (3) to 

T = N/Toro (1 +  2) sec./cm., approximately. (11) 
4w L0 
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Fig. 4—Delay error as a function of frequency, low-frequency delay, 
and line diameter. 

The correction term is negligible for lines of the type 

described above, provided the frequency is above 100 

kc. or so. 

D. Amplitude Distortion 

If the attenuation constant of a delay line is fre-
quency-dependent, amplitude distortion will result. If 
the attenuation is not too high, it can be expressed by 
the usual transmission-line formula: 

a = iNTEC (RIL  GIG) nepers per unit length.  (12) 

Since VLC is delay per unit length, we can also express 

attenuation by: 

A = i(RIL  GIG) nepers/sec. delay 

= 4.343(R/L  G/C) db/sec. delay.  (13) 

It is evident from (13) that amplitude distortion will 
follow from variations with frequency of resistance R 
(skin effects), inductance L, or shunt conductance G 

(dielectric losses). 
An approximate expression for the high-frequency re-

sistance can be obtained by assuming that the line wind-
ing is replaced by a thin sheet whose thickness is equal 
to the wire diameter d, and which carries circumferential 
current. A calculation similar to that presented by Ramo 

and Whinnery6 gives the ratio of high-frequency re-

sistance R to d.c. resistance Ro: 

R  d (sinh (2d/(3) + sin (2d/6) \ 

Ro ô cosh (2d/(5) — cos (2d/(3)) 

where (5, the "depth of penetration," is given for copper 

by 

(14) 

6 = 6.60/-Vf cm.  (15) 

For d greater than 3 mils and f higher than 700 kc., this 
expression does not deviate by more than 10 per cent 

from the relation: 

R/Ro = d/6 = 0.152dVf.  (16) 

But for round copper wire, 

Ro = 5.87 X 10-6 nD/d2 ohms/cm. of line.  (17) 

Therefore, from (16) and (17), 

R = 1.04 X 10-6 nDVIID ohms/cm. of line.  (18) 

The second term in (13) can be expressed in terms of 
the power factor F through the approximate relation 

F  G / (X).  (19) 

Now, from (13), (1), (18), and (19) and the relation 

nd =1, we obtain 

A = 4.55 X 10-4 \ /I Lo 

+ 2.72 X 10-5 fF db per microsicond delay.  (20) 

The parameter in the first term of this formula will 
be in error because of the simplifying assumptions. The 
actual experimental results are best described by 

7 X 10-4 N/f Lo 
A =   

± 2.7 X 10-6 1F db per microsecond delay  (21) 

where F is about 1 per cent. Evidently, below 20 Mc. 
the resistive loss is the dominant one. 
It is worthy of note that, to a first approximation, A 

is independent of the wire diameter d. It is possible, 
therefore, to plot universal attenuation curves for all 
lines having the same coil diameter D. Fig. 5 is a chart 
of this type which describes the experimental results 
within the experimental errors of about 10 per cent. 

E. Design Charts 

Figs. 5, 6, and 7 are charts which can be used in 
designing single-layer delay lines in which the outer 
conductor is a "closed" braid having a pitch of 1.9 inches 
or more, made up of 0.005-inch Formex-insulated round 
copper wire, and in which the inner and outer conductors 
are separated by a single wrap of X0.0015-inch aceto-
butyrate tape with 50 per cent overlap. Fig. 7 is a plot 

'S. Ramo and J. R. Whinnery, "Fields and Waves in Modern 
Radio," John Wiley and Sons, New York, N. Y., Section 6.11, 1944. 
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of reciprocal of delay per unit length against character-
istic impedance. Curves I, II and III are curves of con-
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a choice of values for the two factors having the most 
factors. The best design procedure seems to be to make 
factors uniquely determine d and D and the other two 

The choice of d and D is influenced by four factors: 
characteristic impedance, delay per unit length, phase 
distortion, and attenuation. However, any two of these 
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Fig. 5—Attenuation as a function of frequency of curves I, II, and III 
• on the design chart, Fig. 7. 

stant coil diameter D, and are associated with the 
attenuation curves of Fig. 5. The dashed lines are lines 
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of constant wire diameter d. Curves A, B, and C connect 
points having the same phase distortion as given by 
Fig. 6. 
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Fig. 7—Delay-line design chart. 

small compromises can be made to arrive at suitable 
values for the other two factors. 

V. MEASUREMENT OF DELAY-LINE CHARACTERISTICS 

Delay per unit length. is determined accurately and 
easily by resonating the line, either open- or short-
circuited, and computing delay from several resonance 
points. Other methods are described by Kallmann.4 
As Kallmann points out, measurement of attenuation 

is difficult. The measurements used in Fig. 5 were ob-
tained by vacuum-tube-voltmeter readings at the in-
put and ouput of a line. Even with the most careful 
attention to correct termination of the line, however, 
periodic fluctuations of the order of ± 10 per cent always 
appeared. 
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016:534  3386 
References to Contemporary Papers on 

Acoustics —A. Taber Jones. (Jour. Acous. Soc. 
Amer., vol. 19, pp. 374-388; March, 1947.) 
Continuation of 2306 of September. 

534.21  3387 
The Propagation of an Acoustic Wave along 

a Boundary —I. Rudnick. (Jour. Acous. Soc. 
Amer., vol. 19, pp. 348-356; March, 1947.1 The 
sound field of a point source near the boundary 
of two media cannot be obtained by assuming 
plane waves and using the plane-wave reflec-
tion coefficient. A more rigorous solution is ob-
tained similar to that given by Sommerfeld for 
the analogous electromagnetic case. The discus-
sion of the solution is restricted to cases in 
which the sound source is at the boundary. It is 
shown that when the boundary medium has a 
high real specific acoustic impedance, nonzero 
fields are obtained at all points along the 
boundary. Calculations of the sound pressure 
as a function of height, when the media are air 
above and Quietone (an absorbing material) 
below, reveal a minimum some distanec above 
the boundary. 

534.213  3388 
Propagation of Sound Through a Liquid 

Containing Bubbles—E. L. Carstensen and 
L. L. Foldy. (Jour. Acous. Soc. Amer., vol. 19, 
pp. 481-501; May, 1947.) "Experimental data 
on the transmission, scattering, and reflection 
of sound by screens of bubbles are presented 
and shown to agree with theory. A parameter, 
related to the damping of acoustic energy by 
bubbles and which cannot be satisfactorily pre-
dicted from theory, is evaluated empirically 
from the data." 

534.231:621.396.11  3389 
A Device for Plotting Rays in a Stratified 

Medium--A. W. Lawson, P. H. Miller, Jr., and 
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England. 

L. I. Schiff. (Rev. Sci. Inst., vol. 18, pp. 117-
120; February, 1947.) A description of an in-
strument used during the war for the compu-
tation of sound fields in water; it could also be 
applied to the propagation of radar signals in a 
stratified atmosphere. 

534.26  3390 
Sound Diffraction by Rigid Spheres and 

Circular Cylinders —F. M. Wiener. (Jour. 
Acous. Soc. Amer., vol. 19, pp. 444-451; May, 
1947.) Measurements with a probe microphone 
gave agreement with theory for a sphere over 
the range <ka <10 where k is the wave num-
ber of the incident wave and a the radius. Simi-
lar results were obtained for a cylinder. Tables 
of results are given for the cylinder showing the 
magnitude and phase of the pressure at the sur-
face of the obstacle relative to the undisturbed 
sound pressure. 

534.321.9  3391 
Measurement and Specification of Ultra-

sonic Lenses—P. J. Ernst. (Jour. Acous. Soc. 
Amer., vol. 19, p. 474; May, 1947.) Methods 
analogous to those approved in optics are sug-

gested. 

534.321.9:621.317.49  3392 
Comparison of Supersonic Intensities by 

Means of a Magnetostriction Gauge —Smith 
and Weimer. (See 3580.) 

534.321.9:1666.1 +669.71  3393 
Attenuation and Scattering of High-Fre-

quency Sound Waves in Metals and Glasses — 
W. P. Mason and H. J. McSkimin. (Jour. 
Acous. Soc. Amer., vol. 19, pp. 464-473; May, 
1947.) 

534.322.1:621.395.623.8  3394 
Identification of Mascial Instruments when 

Heard Directly and over a Public-Address Sys-
tem —H. V. Eagleson and 0. VV. Eagleson. 
(Jour. Acous. Soc. Amer., vol. 19, pp. 338-342; 
March, 1947.) Comparison of the success of two 
groups of musicians and one group of non-
musicians in identifying nine different musical 
instruments (a) directly and (b) over a public-
address system. 

534.41+534.781  3395 
The Portrayal of Visible Speech —J. C. 

Steinberg and N. R. French. (Bell Sys. Tech. 
Jour., vol. 26, p. 215; January, 1947.) Summary 
of 3516 of January. 

534.41+534.781  3396 
The  Sound  Spectrograph— W.  Koenig, 

H. K. Dunn, and L. Y. Lacy. (Bell Sys. Tech. 
Jour., vol. 26, p.214; January, 1947.) Summary 
of 3517 of January. 

534.41 + 534.7811: 535.37  3397 
Visible Speech Translators with External 

Phosphors-11. Dudley and 0. 0. Gruenz, Jr. 
(Bell Sys. Tech. Jour., vol. 26, p. 213; January 
1947.) Summary of 3519 of January. 

534.41+534.7811621.385.832  , 3398 
Visible Speech Cathode-Ray Translator — 

R. R. Riesz and L. Schott. (Bell Sys. Tech. 
Jour., vol. 26, p.214; January, 1947.) Summary 
of 3520 of January. 

534.417:620.193.85  3399 
Some Acoustic Properties of Marine Foul-

ing —J. W. Fitzgerald, M. E. Davis, and B. G. 
Hurdle. (Jour. Acous. Soc. Amer., vol. 19, pp. 
332-337; March, 1947.) Quantitative measure-
ments of the acoustic effects of fouling of under-
water transducers by marine organisms. The 
acoustic attenuation of certain antifouling 
paints is found to be negligible. 

534.43:621.395.61  3400 
Measurement of Mechanical Compliance 

and Damping of Phonograph Pickups —B. B. 
Bauer. (Jour. Acous. Soc. Amer., vol. 19, pp. 
319-321; March, 1947.) The apparatus de-
scribed can be adapted to measure vertical as 
well as lateral compliance and resistance of 
pickups, and the mechanical impedance of cer-
tain types of structures and damping materials. 

534.612.4  3401 
Measurement of Electromotive Force of a 

Microphone —R. K. Cook. (Jour. Acous. Soc. 
Amer., vol. 19, pp. 503-504; May, 1947.) A 
discussion of the conditions under which, in 
the substitution method, the calibrating volt-
age equals the microphone e.m.f. The analysis 
is limited to a linear electromechanical trans-
ducer operated at a frequency low enough to 
permit the use of lumped parameters. 

534.64  3402 
Some Notes on the Measurement of Acous-

tic Impedance —L. L. Beranek. (Jour. Acous. 
Soc. Amer., vol. 19, pp. 420-427; May, 1947.) 
A modified form of an earlier impedance tube 
(1410 of 1942) is described, capable of measur-
ing the normal impedance of a sample by the 
variable-length, variable-frequency, or travel-
ing-microphone methods. Diagrams are given 
for the graphical calculation of the impedance 
from the measurements. 

621.396.645: 534.78  3403 
The Theory and Design of Speech Clipping 

Circuits--Dean. (See 3477.) 

534.782  3404 
On an Artificial Voice for Acoustic Meas-

urements —P. Chavasse. (Comm. Rend. Acad. 
Sri. (Paris), vol. 224, pp. 1620-1622; June 9, 
1947.) Essentially a source of current with a 
continuous and uniform spectrum, formed by a 
neon tube working in a zone of unstable equi-
librium. The tube is polarized by a d.c. voltage 
through a resistor and capacitor favoring I.f. 
oscillations. Change from a male voice, with a 
maximum voltage near 550 c.p.s. to a female 
voice, with maximum near 1100 c.p.s. is ef-
fected by a simple switch. 
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534.83: 629.135  3405 
Acoustical Materials and Acoustical Treat-

ments for Aircraft —R. H. Nichols, Jr., H. P. 
Sleeper, Jr., R. L. Wallace, Jr., and H. L. 
Ericson. (Jour. Acous. Soc. Amer., vol. 19, pp. 
428-443; May, 1947.) A comprehensive paper 
on the methods of reducing the cabin noise 
level. The functional properties of various 
treatments in attenuating the transmitted 
sound and in absorbing reverberant sound are 
considered in detail and a method for estimat-
ing the effectiveness of a material from the 
"flow resistance" is described. 

534.84  3406 
Acoustical Tests in the Scala Theater of 

Milan —E. Paolini. (Jour. Acous. Soc. Amer., 
vol. 19, pp. 346347; March, 1947.) A short 
account 01 tests conducted in the rebuilt 
theater. They include tests for echoes, rever-
beration, articulation, and loudness levels. 

534.851 +534.8611:621.396.813  3407 
High-Fidelity Reproduction of Music —E. 

Toth. (Electronics, vol. 20, pp. 108-113; June, 
1947.) Practical suggestions for reducing vari-
ous types of distortion which occur in a.m. and 
f.m. receivers and in phonograph record re-
production. 

534.851:621.395.625.2  3408 
A Distortion Reducing Stylus for Disk 

Reproduction —E.  F.  McClain,  Jr.  (Jour. 
Accous. Soc. Amer., vol. 19, pp. 326-328; 
March, 1947.) 

534.861/.8621.1  3409 
Recording Studio Acoustics —L. Green, Jr., 

and J. Y. Dunbar. (Jour. Acous. Soc. Amer., 
vol. 19, pp. 412-414; May, 1947.) Summary 
noted in 2307 of September. A general discus-
sion, with some details of the treatment of sev-
eral studios to obtain improved reverberation 
characteristics. 

534.861/.8621.1  3410 
Convex Wood Splays for Broadcast and 

Motion Picture Studios —M. Rettinger. (Jour. 
Acous. Soc. Amer., vol. 19, pp. 343-345; 
March, 1947.) Summary noted in 2307 of 
September. 

534.861.1  3411 
A Review of Criteria for Broadcast Studio 

Design —H. M. Gurin and G. M. Nixon. 
(Jour. Acous. Soc. Amer., vol. 19. pp. 404-411; 
May, 1947.) Summary noted in 2307 of Sep-
tember. 

534.862.3"1857/1926"  3412 
Historical Development of Sound Films: 

Parts 1 and 2—E. I. Sponable. (Jour. Soc. Mot. 
Pic. Eng., vol. 48, pp. 275-303, April, 1947.) A 
review covering the period from 1857 to 1926. 

621.395.61  3413 
Mechano-Electronic Transducers —H. F. 

Olson. (Jour. Acous. Soc. Amer., vol. 19, pp. 
307-319; March, 1947.) A system whereby a 
voltage is developed by the direct action of 
acoustical vibrations on one of the electrodes 
of a tube. The vibrating element can be made 
very small, with a low mechanical impedance. 
Various electrode arrangements are discussed 
and expressions derived for their electrical 
characteristics. For small amplitudes, the out-
put voltage is proportional to the displacement. 
Equivalent mechanical circuits are shown and 
discussed in relation to the amplitude fre-
quency characteristic. A successful transducer, 
consisting of a small triode in which the anode 
is the vibrating element, is illustrated. Details 
are also given of a phonograph pickup and two 
microphones. Their response characteristics 
are derived theoretically from the equivalent 
mechanical circuits, and measured character-
istics are shown. Summary noted in 2307 of 
September. See also 2624 of September. 

621.395.625.2  3414 
Technics of Sound Recording with Em-

bossed  Groove  Methods —L.  Thompson. 
(Tele-Tech, vol. 6, pp. 48-51 and 115; May, 
1947.) Discusses the advantages of these meth-
ods for business use. Reasonable fidelity and 
volume are obtained at. slow track speed. 
Photographs and frequency-response curves are 
given. 

621.395.625.3  3415 
Some Factors Influencing the Choice of a 

Medium  for  Magnetic  Recording —L.  C. 
Holmes. (Jour. Acous. Soc. Amer., vol. 19, 
pp. 395-403; May, 1947.) Summary noted in 
2307 of September. A definition of signal-to-
noise ratio for magnetic recording systems is 
offered to stimulate discussion. Modulation 
noise, background noise, cross talk, and uni-
formity are considered. The ratio of coercivity 
to retentivity is suggested as i figure of merit 
for evaluating the hi. response of a recording 
medium. 

621.395.625.3:778.5  3416 
Recent Developments in Magnetic Record-

ing for Motion-Picture Film —M. Camras. 
(Jour. Acous. Soc. Amer., vol. 19, pp. 322-325; 
March, 1947.) 

621.395.625.6:534.862.4  3417 
A New Method of Counteracting Noise in 

Sound-Film Reproduction — W. K. Westmijze. 
(Philips Tech. Rev., vol. 8, pp. 97-104; April, 
1946.) When the incident light beam is re-
placed by a series of equidistant light spots 
moving with High velocity, perpendicular to the 
sound track, noise arising from dust and 
scratches on the film is reduced considerably. 

621.395.645: 621.395.6141: 621.395.623.8  3418 
Microphone  Pre-Amplifier----Selby.  (See 

3457.) 

621.395.813:621.395.66:621.396.97  3419 
Compensation of Temperature Effects on 

Music Circuits —F. J. Stringer and G. Stan-
nard. (B.B.C. Quart., vol. 2, pp. 41-50; April, 
1947.) An account of apparatus and tech-
nique developed by the British Broadcasting 
Corporation and the Government Printing 
Office to compensate for changes in iesponse 
characteristics of long-distance line circuits due 
to seasonal changes in temperature. These 
changes in response characteristics are calcu-
lated theoretically and compared with actual 
measurements made on particular circuits. 

AERIALS AND TRANSMISSION LINES 

621.315.687  3420 
Cable Terminations —D. B. Irving. (Jour. 

I.E.E. (London), Part II, vol. 94, pp. 123-128; 
April, 1947.) Discussion on 3360 of 1945. 

621.392+537.2911:1621.385.029.63/.64  3421 
On the Theory of Progressive-Wave Ampli-

fiers —A. Blanc-Lapierre, P. Lapostolle, J. P. 
Voge, and R. Waliauschek. (Onde Elec., vol. 
27, pp. 194-202; May, 1947.) An integration 
and amplification of previous papers (1317 and 
1330 of June, 1999 and 2003 of August). 

621.392.029.64  3422 
Wave-Guide Coupler —G. Ashdown. (Jour. 

Sci. Inst., vol. 24, p. 79; March, 1947.) For 
aligning and joining sections. 

621.392.029.64  3423 
Transmission  in  Waveguides —A.  M. 

Woodward. (Wireless Eng., vol. 24, pp. 192-
196; July, 1947.) "The theory of transmission of 
an I/01 wave in a rectangular waveguide, con-
taining longitudinal slabs of solid dielectric, is 
developed. Formulas are given for phase con-
stant and attenuation which take into account 
imperfect conductivity of the guide walls as 
well as losses in the dielectric. Numerical values 
are given for polythene as dielectric. At high 

frequencies, most of the energy tra 
the guide is confined to the dielectric slabs. The 
phase constant and attenuation are then 
nearly equal to their values for a completely 
filled guide." 

621.392.2  3424 
Use of [Transmission] Lines as Resonant— 

Circuits A. Fournier. (Rev. Sci. (Paris), vol. 
84, pp. 624-629; December 1-15, 1946.) The 
lines are considered as having lumped constants 
and the equations of propagation are derived. 
Other sections discuss (a) charactei istic im-
pedance, (b) reflection of waves and stationary 
waves, (c)  impedance transformation, (d) 
equivalence of quarter-wave line and resonant 
circuit, (e) lines matched to tube capacitances, 
(f) charged lines, (g) coupled lines, and (11) link 
coupling. 

621.396.67  3425 
Circularly-Polarised Omnidirectional An-

tenna —G. II. Brown and 0. M. Woodward, 
Jr. (RCA Rev., vol. 8, pp. 259-269; June, 1947.) 
The combination of a vertical dipole and hori-
zontal loop requires too critical adjustment. 
Four dipoles spaced around the circumference 
of a hori4ontal circle and inclined to its plane 
give a good approximation. A theoretical dis-
cussion is followed by the results of tests over a 
frequency range of 106 to 134 Mc. 

621.396.67  3426 
Antenna Focal Devices for Parabolic Mir-

rors—G. Reber. (Puoc. I.R.E., vol. 35, pp. 
731-734; July, 1947.) The measured char-
acteristics of cone and cylindrical aerials in 
parabolic mirrors are given. The relationships 
between geometrical and electrical character-
istics are discussed. 

621.396.67  3427 
Gain vs. Element Spacing in Parasitic Ar-

rays —R. G. Rowe. (QST, vol. 31, pp. 30-35; 
April, 1947.) Results of measurements are 
given, showing the relation between gain and 
spacing under controlled conditions and with a 
definite technique. Wider spacing than is com-
monly used is shown to give greater gain. 

621.396.67  3428 
Input Impedance of a Folded Dipole — W. 

van B. Roberts. (RCA Rev., vol. 8, pp. 289- 
300; June, 1947.) A theoretical discussion of the 
cases in which the dipole has equal and unequal 
elements. Consideration is also given to finite 
spacing of the elements. 

621.396.67:517.512.2  3429 
Fourier Transforms in Aerial Theory: Part 

2—Ramsay. (See 3561.) 

62 1.396.67:621.317.772.029.64  3430 
Phase-Front Plotter for Centimeter Waves 

—lams. (See 3590.) 

621.396.67: 621.396.712: 621.396.619.13  3431 
Antennas for F. M. Broadcasting: Part 2— 

N. Marchand. (Communications, vol. 27, pp. 
24-26 and 37; May, 1947.) Discussion of the 
principles of operation and construction of the 
clover-leaf, slot, and turnstile aerials. (For  Part  
1 see 3030 of November.) 

621 .396 .67 .00 2.72:621.397.5  3432 
The WABD Super-Turnstile TV Antenna 

Installation —A.  W.  Deneke.  (Communica-
tions, vol. 27, pp. 12-15 an d 38 ; M ay , 1947.) 
Consideration of the factors  influenc ing  the in-
stallation and testing of an  aer ial an d fee der  
system on an 80-foot tower on  the roo f of a 
skyscraper. 

621 .396 .67 .029 .62 :621.396/.3971.62  3433 
Aerials for Ultrashort Waves: Par t 1—A 

Double Dipole for Television an d F. M. — 
R. D. A. Maurice. (B.B.C. Quart.,  vo l. 2, pp.  
59-62; April, 1947.) The dipole receives 45- 
and 90-Mc. transmissions simultaneously. Its 

December 
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performance when suitably oriented differs 
little from that of an ordinary dipole. 

621.396.672.029.62:621.396.65  3434 
Aerials for Ultrashort Waves: Part 2—A 

Simple Omnidirectional Aerial with Concentric 
Feeder —H. L. Kirke. (B.B.C. Quart., vol. 2, 
pp. 62-64; April, 1947.) An end-fed, vertical 
X/4 folded dipole is used to ensure correct im-
pedance matching to the feeder; this is particu-
larly important for the receiving aerial in 
u.s.w. radio links. A circular polar diagram is 
obtained by means of an "artificial earth." 

621.396.675:550.837  3435 
Electric Field of an Oscillating Dipole on 

the Surface of a Two-Layer Earth —A. Wolf. 
(Geophys., vol. 11, pp. 518-534; October, 1946.) 
"The electric field of a low-frequency oscillator 
placed on the surface of a two-layer earth is 
determined in two special cases: namely, the 
case in which the conductivities of the two. 
layers are nearly equal, and the case in which 
the lower layer is a perfect insulator; in the 
latter case, only terms of zero and first order 
in frequency are considered. It is shown that, 
when the upper layer is sufficiently thin or is 
very thick, the mutual inductance of two wire 
elements on the surface of a two-layer earth has 
the same value as for a homogeneous earth. In 
the case of an insulated layer, it is shown that 
the maximum departure of the value of mutual 
inductance of two colinear wire elements from 
the corresponding value on a homogeneous 
earth is 35 per cent." 

621.396.675:550.837  3436 
Electric Field of an Oscillating Dipole at 

the Surface of a Two-Layer Earth — W. B. 
Lewis. (Geophys., vol. 11, pp. 535-537; October, 
1946.) Discussion on 3435 above. Field meas-
urements of the transverse component E, of 
the dipole field show that its value is dependent 
on frequency, whereas according to Wolf's 
rigorous solution (above) E, should be inde-
pendent of frequency. The experimental results 
are in agreement with the solution of the prob-
lem of a dipole oscillator in a homogeneous 
medium. The disagreement of the measure-
ments with the more rigorous theory and the 
agreement with theory that neglects the air-
earth boundary is paradoxical. 

621.396.679.4  3437 
Choosing a Transmission Line —R. M. 

Purinton. (QS T, vol. 31, pp. 39-44 and 118; 
June, 1947.) A comparison of various types of 
feeders and considerations governing the choice 
for particular installations. 

621.396.677:621.396.97  3438 
Directional Antennas [Book Review)—C. 

E. Smith, Cleveland Institute of Radio Elec-
tronics, Cleveland, 1946, 298 pp., $15.00 (Paoc. 
I.R.E., vol. 35, p. 706; July, 1947.) "  . Of 
particular interest to those concerned with the 
design of vertical-tower directional antennas 
for broadcast stations. A thorough, systematic 
engineering treatment.... " 

CIRCUITS AND CIRCUIT ELEMENTS 

621.314.23:621.396.69  3439 
Toroidal  Transformers —A.  L.  Morris. 

(Electronic Eng., vol. 19, pp. 218-219; July, 
1947.) These can effect a considerable saving in 
space and weight. Special winding machines are 
required and insulation and winding difficulties 
may be encountered in high-voltage windings, 
but toroids are very suitable for multiwinding 
filament transformers, especially in aircraft 
equipment where supply frequencies of 400 or 
1600 c.p.s. are used and the number of turns in 
each winding can be reduced correspondingly. 
Developments in sillcan-iron core material may 
make toroids advantageous for 50 c.p.s. work-
ing. For an account of a winding machine see 
3672 below. 

621.316.722.1.076.7  3440 
Diode-Controlled Voltage Regulators —H. 

Helterline. (Electronics, vol. 20, pp. 96-97; 
June, 1947.) Circuit details of a bridgc-type 
regulator, in which the filament of a tempera-
ture-limited diode acts as control element. A.c. 
output voltage is constant within 0.2 per cent 
over 10 to 1 load variation. The stability of a 
d.c. version equals that of batteries. 

621.316.89+621.315.59  3441 
Properties and Uses of Thermistors — 

Thermally Sensitive Resistors—J. A. Becker, 
C. B. Gteen, and G. L. Pearson. (Bell Sys. 
Tec. Jour., vol. 26, pp. 170-212; January, 
1947.) Reprint of 765 of April. 

621.318.323.2.042.15  3442 
Permeability of Dust Cores —Legg. (See 

3555.) 

621.318.572  3443 
Self-Switching  R.F.  Amplifier —H.  M. 

Wagner and J. F. Herrick. (Electronics, vol. 20, 
pp. 128-131; June, 1947.) A twin-pentode 
multivibrator  circuit  amplifies and  auto-
matically switches two circuits into a com-
mon indicator for direction-finding purposes. 
Design considerations, switching ratios, and in-
put-resistance variations are discussed. 

621.318.572  3444 
Vane-Actuated Controller — W. H. Wanna-

maker, Jr. (Electronics, vol. 20, pp. 117-119; 
June, 1947.) Movement of a vane between the 
coils of a double-triode r.f. oscillator, causes a 
sudden change of anode current, which actu-
ates an output relay. Full circuit details are 
given, with several industrial applications. 

621.318.572:621.317.755  3445 
A Laboratory  Four-Channel  Electronic 

Switch —F. S. Replogle, Jr., and V. M. Albers. 
(Rev. Sci. Instr., vol. 18, pp. 114-117; February, 
1947.) Permits the simultaneous presentation 
of four signals of frequency up to 100 kc. 
on a c.r.o. screen. See also 1780 of 1946 
(Moerman). 

621.319.53  3446 
A Simple Pulse Converter for Gas-Tube 

Applications —L. Reiffel and K. Rothschild. 
(Rev. Sci. Instr., vol. 18, pp. 181-183; March, 
1947.) Pulses of either polarity are fed through 
a resistance network to the screen grid of a 
thyratron, whose electrodes are biased to give 
monopolar output pulses. The anode circuit is 
used to provide pulse shaping. 

621.392.2  3447 
Use of [Transmission] Lines as Resonant 

Circuits —Fournier. (See 3424.) 

621.392.21  3448 
On the Short-Circuiting of a Charged 

Transmission Line —V. L. Ginzburg. (Bull. 
Acad. Sci. (U.R.S.S.) ser. phys., vol. 10, pp. 
57-64; 1946. In Russian.) A transmission line 
with uniformly distributed circuit parameters 
is considered. Initially, it is open-circuited 
and charged. A general equation is derived for 
the self-oscillations in the line when short-
circuited through a loading inductance, and 
solutions are found for two particular values of 
this inductance. 

621.392.43:621.396.615.141.2  3449 
Microwave  Generator — W.  C.  Brown. 

(Tele-Tech, vol. 6, p. 59; May, 1947.) Summary 
of an Institute of Radio Engineets' paper. The 
effect of a mismatched transmission line on the 
frequency stability and power output of a 
magnetron is studied by means of an equivalent 
circuit. 

621.392.5:621.396.622.6  3450 
Crystal Networks—L. Apker, E. Taft, and 

J. Dickey. (l'ele-Tech, vol. 6, p. 54; May, 
1947.) Summary of an Institute of Radio 

Engineers' paper. Discusses the case where the 
insertion loss of a nonlinear quadripole is dif-
ferent for power transmitted in opposite direc-
tions. Results of tests on 20 Si and Ge crystals 
are given. 

621.392.5.015.3  3451 
Network Distortion —M. J. DiToro. (Tale-

Tech, vol. 6, pp. 55-56; May, 1947.) Summary 
of an Institute of Radio Engineers' paper. 
The transient response of a network to a step 
signal may be used as a measure of the distor-
tion to be expected. Curves to facilitate the 
study of transient response are shown togethet 
with design data for correcting networks. 

621.392.52  3452 
A Simplified Analysis of the Parallel-T Null 

Network—M. P. Givens and J. S. Saby. (Rev. 
Sci. Instr., vol. 18, pp. 342-346; May, 1947.) 
"The parallel-T  resistance-capacitance null 
network is analyzed algebraically. General con-
ditions for null, and expressions for network 
impedance and shat pness of null, are obtained 
in a convenient form for application to prac-
tical design problems. Vector diagrams are used 
to illustrate the'variations of phase and ampli-
tude of output voltage with frequency." 

621.392.52  3453 
Analysis of a Resistance-Capacitance Paral-

lel-T Network and Applications —A. E. Hast-
ings. (Psoc. IRE., vol. 35, p. 694; July, 1947. 
Correction to 1464 of 1946. 

621.394/.391.645  3454 
Cathode-Follower Circuit —H. L. Krauss. 

(Psoc. I.R.E., vol. 35, p. 694; July, 1947.) 
Comment on 1025 of May (McIlroy). See also 
1373 of June. 

621.394/.3971645:518.3  3455 
Cathode-Follower Nomograph for Pentodes 

— M. B. Kline. (Electronics, vol. 20, p. 136; 
June, 1947.) Gives relation between gain, 
transconductance, and cathode-load resistance. 

621.394/.3971.645.34  3456 
A Variation on the Gain Formula for 

Feedback Amplifiers for a Certain Driving-
Impedance Configuration —T. W. Winternitz. 
(Bell Sys. Tech. Jour., vol. 26, p. 216; January, 
1947.) Summary of 50 of February. 

621.395.645:621.395.6141:621.395.623.8 3457 
Microphone Pre-Amplifier —R. Selby. (Wire-

less World, vol. 53, pp. 239-240; July, 1947.) 
Cathode-follower circuit suitable for public-
address work. 

621.395.661  3458 
Mica Capacitors for Carrier Telephone Sys-

tems —A. J. Christopher and J. A. Kater. 
(Bell Sys. Tech. Jour., vol. 26, p. 213; January, 
1947.) Summary of 374 of March. 

621.396.611.3.029.56  3459 
Coupled-Circuit Oscillators —D. K. Cheng. 

(Tale-Tech, vol. 6, pp. 58-59; May, 1947.) 
Summary of an Institute of Radio Engineers' 
paper.  Measurements  of  wavelength  and 
loading characteristics of a 2-Mc. coupled-cir-
cuit oscillator show good correlation with theo-
retical predictions. Conclusions concerning the 
optimum degree of coupling and magnitude of 
the external load resistance are stated. 

621.396.611.4  3460 
The Simplest Design Calculations of Cer-

tain Cavity Resonators—V. M. Lopukhin. 
(Bull. Acad. Sci. (U.R.S.S.) skr. phys., vol. 10, 
pp. 111-116; 1946. In Russian.) Approximate 
formulas are derived for calculating the Q 
and impedance of the following resonators: 
simple toroidal (Fig. 1), quasi-toroidal (Fig. 2), 
ir type (Fig. 3), and cylindrical (Fig. 4). 

621.396.611.4  3461 
On the Self-Excitation of a Cavity Remo-
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nator Traversed by an Electron Beam —S. 
Gvozdover and V. Lopukhin. (Bull. Acad. Sci. 
(U.R.S.S.) ser. phys., vol. 10, pp. 29-36; 1946. 
In Russian.) 

621.396.611.4  3462 
Coupling  between  Cavity  Resonators 

Through Small Apertures —V. B. 13rodski. 
(Bull. Acad. Sci. (U.R.S.S.) tier. phys., vol. 10, 
pp. 17-22; 1946. In Russian.) A mathematical 
investigation of the effect on the fields inside 
two resonators of a small aperture in the com-
mon wall. 

621.396.611.4  3463 
Flat Cavities as Electrical Resonators —C. 

G. A. von Lindern and G. de Vries. (Philips 
Tech. Rev., vol. 8, pp. 149-160; May, 1946.) 
The characteristic vibrations of Lecher systems 
short-circuited at one end are first considered. 
It is then shown that in the case of conical 
flat cavity resonators, short-circuited around 
their outer edge, the rotation-symmetrical vi-
brations correspond exactly to those of the 
short-circuited Lecher systems. The rotation-
symmetrical vibrations of flat resonators of 
more general forms are discussed and curves are 
given for the variation of current and voltage 
with the radius. Resonance resistance and 
quality factor are calculated; these can be 
improved by making the cavity resonators 
thicker than those for which the theory given 
applies unconditionally. Examples are given of 
practical resonators and of their use for h.f. 
stabilization or as output and input electrodes 
for short-wave transmitting tubes. 

621.396.611.4  3464 
End-Plate  and  Side- Wall  Currents in 

Circular Cylinder Cavity Resonator —J. P. 
Kinzer and I. G. Wilson. (Bell Sys. Tech. Jour. 
vol. 26, pp. 31-79; January, 1947.) Formulas 
are given for the calculation of the current 
streamlines and intensity in the walls of a 
circular cylindrical cavity resonator. Tables 
are given which permit calculation for many 
of the lower order modes. 

The integration of .1. g[h(x)I 4 (x)Jdx is 
discussed and the integral is tabulated for 

2, and 3. 
The current distribution for a number of 

modes is shown by plates and figures. 

621.3 96.611.4:621.396.662.3.029. 64  3465 
Cavity Resonators —M. W Wheeler. (Tele-

Tech, vol. 6, p. 60; May, 1947.) Summary of 
an Institute of Radio Engineers paper. Dis-
cussion of their characteristics and use as u.h.f. 
band-pass filters. 

621.396.611.4.029.64:621.396.662  3466 
3-cm.  Resonant  Cavity —R.  R.  Reed. 

(Tele-Tech, vol. 6, pp. 54-55; May, 1947.) 
Summary of an Institute of Radio Engineer& 
paper. A transmission-type cavity for use in an 
automatic frequency-control circuit. The reso-
nant frequency is nearly independent of tem-
perature and humidity effects and may be pre-
tuned accurately. Source and load are coupled 
to the cavity by "Kovarglass" windows; tem-
perature compensation Is effected by altering 
the length of the cavity by a flexible diaphragm 
moved by the differential expansion of copper 
and invar. 

621.396.615:621.316.726.078.3  3467 
Synchronization  of  Oscillators —R.  D. 

Huntoon and A. Weiss. (Jour. Res. Not. Bur. 
Stand., vol. 38, pp. 397-410; April, 1947.) An 
analysis of the behavior of any self-limiting 
oscillator when a sinusoidal current or voltage 
of small hut consistant magnitude is injected 
into it. The synchronization band is propor-
tional to the injected voltage. The theory was 
checked by measurements on a small Hartley 
oscillator at 11.5 Mc. The analysis includes 
the mutual synchronization of two oscillators. 
For synchronization measurements the driving 

oscillator must be more powerful than the test 
oscillator. Applications of the synchronized 
oscillator Include (a) linear voltmeter for small 
voltages, (b) field-intensity meter, (c) linear 
a.m, demodulator for small signals, (d) f.m. 
demodulator, (e) f.m. synchronous amplifier 
limiter. In these applications, microwave gen-
erators can be used as well as the more conven-
tional triode oscillators. 

621.396.615.14  3468 
The Excitation of Resonant Circuits by 

Electron Currents in the Transit-Time Domain 
—F. W. Gundlach. (Rev. Sci. (Paris), vol. 85, 
pp. 19-28; January 1, 1947.) Translation into 
French of paper to appear in Hochfrequenz-
iechnik. A method is described which gives the 
magnitude of both the in-phase and quadrature 
components of the circuit current induced by 
an electron current through a tube grid. The 
intensity and velocity of the electron current 
may vary in any periodic manner with time. 
The method is applicable to all possible cases 
and a series of abacs is provided. Application 
is made to the Barkhausen-Kurz oscillator. 

621.396.615.14  3469 
Band-Switched Exciter —P. W. J. Gammon. 

(Short Wave Mug., vol. 5, pp. 16-20; March, 
1947.) A switched-coil oscillator and frequency-
doubler circuit for driving high-powered out-
put stages on frequencies between 1.7 and 28 
Mc. 

621.396.615.142  3470 
The Principles of a General Theory of the 

Generation of Electron Oscillations at Ultra-
High Frequencies —V. I. Kalinin. (Bull. Acad. 
Sci. (U.R.S.S.) sr. phys., vol. 10, no. 1, pp. 
93-102; 1946. In Russian.) "Electron oscilla-
tions" are defined as oscillations, the excitation 
of which depends ultimately on the inertia of 
electrons. A general scheme of the different 
phases in the excitation of such oscillations is 
presented in a graphical form (Fig. 1) and using 
BrUche and Recknagel's conception of "phase 
focusing" (2325 of 1938), the foundations are 
laid of a theory which would not only explain 
the oscillation mechanism but also answer 
questions relating to the energy balance in an 
electron oscillator. 
The first two fundamental equations (I 

and II) cover the kinetic side of the problem 
and determine respectively the current in the 
oscillator and the condition necessary for the 
formation of a focus. Two energy equations 
(III and IV) determining respectively the power 
output and efficiency of the oscillator are also 
derived. 
The main factor determining the character of 

any particular modification of the oscillating 
system is the distribution and behavior of 
potentials in the transformation zone where the 
velocity-modulated beam is subjected to the 
action of an electric field with a potential vary-
ing in space and time in a known manner. If 
the electric field is absent and the velocity. 
m odulated beam is moving by inertia, the 
simplest case corresponding to a two-circuit 
klystron is obtained. Conclusions reached in 
studying this case are enumerated briefly and 
as a further illustration of the proposed theory, 
the operation of an oscillator with a retarding 
field in the transformation zone is discussed in 
detail. 

621.396.615.17:621.396.663  3471 
On a Standardized Aperiodic Pulse Gen-

erator and Its Application to the Statistical 
Recording and Radiogoniometry of Atmos-
pherics —F. Carbenay. (Comps. Rend. Acad. 
Sci. (Paris) vol. 224, pp. 1624-1626; June 9, 
1947.) Apparatus similar in principle to that 
used by R. Bureau for atmospheric recording, 
but including a standardized variable inductive 
coupling between the capacitor discharge cir-
cuit and either the aerial or the input circuit 

of the receiver-recorder. Some circuit details 
are given and the methods of use and standard-
ization are described briefly. 

621.396.621.54  3472 
The Inversion of the Autodyne Principle— 

F. C. Saic. (Etch. Nach. Tech., vol. 64, 131). 
16-24; January and February, 1947.) A new 
type of heterodyne arrangement Is described In 
which the oscillator frequency is fixed and the 
if. variable. Numerous advantages are claimed. 
A scheme is given for an all-wave receiver in-
corporating the new principle and giving an 
appreciable increase In output power. 

621.396.622.71  3473 
The Ratio Detector —Seeley and Avins. 

(See 3643.) 

621.396.645  3474 
Theory of Grounded-Grid Amplifiers —A. 

van der Ziel. (Philips. Res. Rep., vol. I, pp. 
381-399; November, 1946.) In part 1 a survey 
of the existing triode theory at u.h.f. is given. 
Neglecting lead effects, the four characteristic 
impedances of a grounded-grid triode at u.h.f. 
can be described by the "cold" tube capaci-
tances, the amplification factorµ and the trans-
conductances Si and S. in the cathode-grid 
lead and grid-anode lead, respectively (the 
moduli and the phase angles of these transcon-
ductances can be measured). Shot effect in 
triode tubes can be described completely by 
assuming two mutually dependent fluctuating 
currents i1 and 13 to be flowing in the cathode-
grid lead and in the grid-anode lead, respec-
tively; at u.h.f. i is delayed in phase with 
respect to  (the Introduction of these mutually 
dependent fluctuating currents is a direct con-
sequence of Fourier analysis of the shot effect). 
It is shown that the introduction of the 
"equivalent noise resistance" of the tube may 
cause serious errors in the calculation of the 
signal-to-noise ratio. 

In part 2 this theory is applied to grounded-
grid amplifiers. The input resistance Ri of the 
tube when the output is short-circuited, and 
the output resistance R2 of the tube when the 
input is short-circuited, are of special im-
portance in this case. Denoting the trans-
formed aerial resistance by R1' and the trans-
formed input resistance of the next stage by 
R2', the power gain g is calculated as a func-
tion of R1'/R3 and R27 R2. It is shown that 
the internal feedback of the tube makes it 
impossible to match, at the same time, the 
aerial to the input of the amplifier and its 
output to the input of the next stage. The best 
results are obtained by using a high value of 
R11/R1 (loose aerial coupling) and matching 
the output of the amplifier to the next stage. 
The theoretical gain limit is (ir-I-1); values 
between 0.5 (µ-1-1) and 0.8 (µ-1-1) may be 
obtained easily. For wide-band amplifiers 
R ON] = 1 for maximum gain, whereas it is 
shown that a wide anode-grid spacing will give 
a higher gain. It is shown that electronic transit 
times cannot account for the drop in power gain 
at u.h.t.; this drop must be due to the imped-
ance of the electrode leads. At u.h.f. instability 
may occur; a stability condition Is given, 
from which it can be seen that careful shielding 
and narrow electrode spacings result in a 
better stability of the amplifier. Finally the 
signal-to-noise ratio of  the grounded-grid 
amplifier is calculated and it Is shown that 
the grounded-grid amplifier contributes only 
slightly to the noise, especially for large values 
of R1'/R1. This result is verified experimentally. 

621.396.645  3475 
Nonstationary Processes in Tuned and 

Band-Pass Amplifiers —A. N. Shchukin. (Bull. 
Acad. Sci. (U.R.S.S.) s6r. phys., vol. 10, i)p. 
37-48; 1946. In Russian.) A mathematical in-
vestigation of the processes taking place in 
amplifiers when a constant or an alternating 
e.m.f. is suddenly applied. 



I 1947 

621.396.645  3476 
A Note on a Paper by Faust and Beck — 

W. M. Stone. (Jour. Appl. Phys., vol. 18, pp. 
414-416; April, 1947.) "An infinite sum trans-
formation is defined and applied to a system 
of linear difference equations discussed by 
Faust and Beck in their paper on single-tuned 
amplifiers [677 of April]. Some transforms of 
the more common functions are given and 
points of superiority of the transform method 
over the classical methods of solution of dif-
ference equations are emphasized." 

621.396.645: 534.78  3477 
The Theory and Design of Speech-Clipping 

Circuits —M. H. Dean. (Tele-Tech, vol. 6, 
pp. 62-65 and 119; May, 1947.) The action 
of a compressor in preventing overmodulation 
of a.m. transmitters is described, and is shown 
to be less effective than might be expected. 
Clipping speech peaks squarely at a prede-
termined level, and inserting a low-pass filter' 
to eliminate any harmonics caused thereby, is 
considered better, and the design of a clipper 
suitable for good commercial speech transmis-
sions is given. 

621.396.645.029.3  3478 
A Portable Two-Channel Amplifierand Ink 

Recorder — W. Grey Walter and A. A. Brooks. 
(Electronic Eng., vol. 19, pp. 221-226; July, 
1947.) 

621.396.645.029.62  3479 
Broad-Band Amplifiers —A. M. Levine and 

M. G. Hollabaugh. (Tele-Tech, vol. 6, p 58; 
May, 1947.) Summary of an Institute of Radio 
Engineers' paper. Calculations for input damp-
ing and instability due to feedback are out-
lined. Calculated and measured values are 
given for various tube types throughout the 
30- to 300-Mc. range. Measurements taken on 
actual amplifiers are displayed graphically. 

621.396.645.029.63  3480 
550- Megacycle Amplifier —R. C. Petrich. 

(Tele-Tech, vol. 6, p. 59, May, 1947.) Summary 
of an Institute of Radio Engineers' paper. A 
gain of 10 db for each of 5 stages has been ob-
tained for a 20 Mc. bandwidth using a light-
house triode in a grounded-grid amplifier cir-
cuit. 

621.396.645.029.64:621.396.615.142.2  3481 
On U.H.F. Amplification and on the Reso-

nance Method for Suppressing Noise in a 
Klystron —Vu. A. Katsman. (Bull. Acad. Sci. 
(U.R.S.S.) ser. phys., vol. 10, no. 1, pp. 23-28; 
1946. In Russian.) The use of klystrons at the 
input stage of a radio receiver at frequencies 
greatly exceeding 600 Mc. is limited by the 
high level of tube noise. To overcome this 
difficulty it is suggested that a resonant oscil-
latory circuit absorbing the noise energy should 
be connected between the cathode and Om 
input electrodes of the tube. 

621.396.645.35: 621.317.71/.72  3482 
Stabilized D.C. Amplifier with High Sensi-

tivity —H. S. Anker. (Electronics, vol. 20, pp. 
138, 140; June, 1947.) Designed to measure 
very small currents or voltages from a high-

impedance source. 

621.396.645.37  3483 
Feed-Back Amplifiers —J. A. Rado, A. M. 

Levine, and II. G. Hollabaugh. (Tele-Tech, 
vol. 6, p. 55; May, 1947.) Summary of an 
Institute of Radio Engineers' paper. Analysis 
of the generalized feed-back amplifier shows 
that it can be regarded as a ladder network 
with negative conductance shunt arms. Mathe-
matical analysis shows that these amplifiers 
have a gain-bandwidth capacitance equal to 
that of an ideal amplifier. In actual amplifiers, 
the ideal has been approached very closely. 

621.396.645.37.029.3  3484 
A Stable Selective Audio Amplifier —J. M. 
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Sturtevant. (Rev. Sci. Instr., vol. 18, pp. 124--
127; February, 1947.) A narrow-band amplifier 
using both frequency-dependent and inde-
pendent degeneration to secure stability and 
linearity. 

621.396.662  3485 
Electronic Attenuators —F. W. Smith, Jr., 

and M. C. Thienpont. (Communications, vol. 
27, pp. 20-22; May, 1947.) Continuously vari-
able attenuation over a wide frequency range 
is achieved by varying the cathode load of a 
cathode follower. The influence of various fac-
tors on design is discussed and a typical at-
tenuator described. 

621.396.662.3.029.3  3486 
Tuned A.F. Filters: Part I—H. E. Styles. 

(Wireless World, vol. 53, pp. 242-244; July, 
1947.)  General  considerations and  design 
formulas. 

621.396.69+621.317.7+621.38  3487 
The Physical Society's Exhibition —(See 

3581.) 

621.396.69:621.315.3  3488 
Stamped Wiring — W. MacD. (Electronics, 

vol. 20, pp. 82-85; June, 1947.) Basically, a 
series of vertical and horizontal conducting 
Strips, separated by a thin sheet of insulator, 
with interconnection by eyelets or pins. 

621.397.335  3489 
New Techniques in Synchronizing-Signal 

Generators —E. Schoenfeld, W. Brown, and 
W. Milwitt. (RCA Rev., vol. 8, pp. 237-250; 
June, 1947.) The pulse edges are established 
by means of a terminated artificial transmis-
sion line carrying 31.5-kc. trigger impulses 
and their number during each framing interval 
is determined by an electronic counter. The 
locked-in relationship between line and field 
scanning frequencies makes use of the cascade-
binary type of frequency divider. 

621.38/.3 401  3490 
Fundamentals of Industrial Electronic Cir-

cuits [Book Reviewl — W. Richter. McGraw-
Hill Book Co., London and New York, 1947, 
569 pp., $4.50. (Elec. Rev. (London), vol. 140, 
p. 930; June 6, 1947; and PROC. I.R.E., vol. 
35, p. 707; July, 1947.) The interest of the 
book is not confined to industrial electronics. 
The explanations of fundamentals and tubes 
are so good that those mainly interested in 
radio would do well to study it. Intended as a 
text of intermediate standard for use in eve-
ning classes. 

GENERAL PHYSICS 

535.13:512.831  3491 
On the Matrix Form of Maxwell's Equa-

tions —J. Baudot. (Compt. Rend. Acad. Sci. 
(Paris) vol. 224, pp. 1622-1624; June 9, 1947.) 
See also 2475 of September. 

535.215:621.383.4  3492 
Lead Sulphide Photoconductive Cells — 

Sosnowski, Starkiewicz, and Simpson.  (See 

3709.) 

536.21:517.942.9  3493 
Heat  Conduction in Elliptical  Cylinder 

and an Analogous Electromagnetic Problem — 
N. W. McLachlan. (Phil. Mag., vol. 37, p. 
216; March, 1946.) Correction to 3570 of 
January. 

536.422  3494 
The Escape of Molecules from a Plane 

Surface  into  a Still  Atmosphere —K.  J. 
Brookfield, II. D. N. Fitzpatrick, J. F. Jack-
son, J. B. Matthews, and E. A. Moelwyn-
Hughes. (Proc. Roy. Soc. A, vol. 190, pp. 59-
67; June 17, 1947.) 

536.483  3495 
A Helium Cryostat —S. C. Collins. (Rev. 

Sci., Instr., vol. 18, pp. 157-167; March, 1947.) 
For temperatures down to 2°K. Three types of 
expansion device are described. 

537.122:538.3  3496 
The Electron and Electromagnetic Theory 

— G. Darrieus. (Bull. Soc. Franc. Elec., vol. 7, 
pp. 249-264; May, 1947.) Certain difficulties 
of the classical theory are discussed and an 
outline is given of a modified Born-Infeld non-
linear theory. 

537.228.1:512.9  3497 
First-and-Second-Order Equations for Pie-

zoelectric Crystals Expressed in Tensor Form 
— W. P. Mason. (Bell Sys. Tech. Jour., v11. 26, 
pp. 80-138; January, 1947.) The phenomena 
occurring on application of electric fields, 
stresses and temperature changes are examined. 
The nine first-order effects are considered for 
the 32 types of crystal and measurement 
methods are discussed. Second-order effects 
dealt with are: elastic constants dependent on 
the applied stress and electric displacement, the 
electrostrictive effect, piezoelectric constants 
dependent on the applied stress, and the piezo-
optical and electrooptical effects. These sec-
ond-order equations may be used to examine 
the phenomena occurring in ferro-electric type 
crystals, and are applied to the case of Rochelle 
salt. 

537.32  3498 
Thermoelectric Properties of Conductors: 

Part 1—L. Gurevich. (Jour. Phys., (U.S.S.R.) 
vol. 9, no. 6, pp. 477-488; 1945.) A new possible 
mechanism for thermoelectric e.m.f. is the 
carrying of electrons by the phonon current 
created by the temperature gradient. In a cer-
tain temperature range, this e.m.f. may greatly 
exceed that to be expected from the usual 
theory, and observed anomalies may be due 
to the transition from one mechanism to 
another. 

537.525.5+621.314.65  3499 
On the Mechanism of Dielectric Ignition 

and Resistance Ignition in Mercury Arc Recti-
fiers [Thestsj — Warmoltz. (See 3670.) 

537.527  3500 
Similarity of High-Pressure Discharges of 

the Convection-Stabilized Type — W. Elenbaas. 
(Philips Res. Rep., vol. 1, pp. 339-359; Novem-
ber, 1946.) Similarity conditions are deduced 
for discharges in free air, or in tubes so wide 
that the walls have no effect. Pressures con-
sidered are so high that energy loss by radia-
tion, dissociation and diffusion is negligible. 
Similarity conditions for discharges in various 
gases, discharges stabilized by forced convec-
tion and discharges in closed tubes filled with 
various gases are also considered. 

538  3501 
Magnetism —R. M. Bozorth. (Rev. Mod. 

Phys., vol. 19, pp. 29-86; January, 1947.) A 
general descriptive account of the whole sub-
ject, taken from the American edition of the 
Encyclopedia Britannica. Magnetic theory is 
treated historically down to the modern "elec-
tron-spin" theory. A section is devoted to the 
measurement of magnetic quantities and refer-
ences are given to modern papers on this 
subject. A bibliography of textbooks is ap-
pended. 

538.532:621.316.974:621.318.4  3502 
The Field of a Coil between Two Parallel 

Metal Sheets —E. 13. Moullin. (Jour. I.E.E. 
(London), Part 1, vol. 94, p. 158; March, 1947.) 
Summary of 2077 of August. 

538.56  3503 
Relative Directions of the Electric and Mag-

netic Vectors in Electromagnetic Waves in 
Vacuo —N. S. Japolsky. (Nature (London), 
vol. 159, pp. 580 and 817; April 26, and June 
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14, 1947.) In general, the electric vector E and 
the magnetic vector B will not be perpendicular 
for electromagnetic waves in vacuo. They are 
perpendicular in the special cases of (a) non-
rotating vectors, (b) circularly polarized plane 
waves and (c) spherical or cylindrical waves. 

538.56:535.13  3504 
The Reflection of an Electromagnetic Plane 

Wave by an Infinite Set of Plates: Part 2 - 
A. E. Heins and J. F. Carlson. (Quart. App!. 
Math., vol. 5, pp. 82-88; April, 1947.) In part 1 
(2756 of October), the case was treated in 
which only one component of the electric field 
was excited, the incident electric field being 
parallel to the edges of the plates. Fourier 
transform technique is again used when the 
excitation is by a plane wave which has only 
a single component of the magnetic field 
parallel to the edges of the plates. In this 
case, it is found that the reflection and trans-
mission coefficients are independent of the 
wavelength and depend only on the angle of 
stagger of the plates and the angle of incidence 
of the waves. 

538.566  3505 
10ne-Dimensional) Propagation of a Per-

turbation, of Narrow Frequency Range, in a 
Nonabsorbing Dispersive Medium —A. Blanc-
Lapierre and P. Lapostolle. (Rev. Sci. (Paris), 
vol. 84, pp. 579-595; December 1-15, 1946.) 
The type of perturbation considered is that of 
filtered background noise or quasimonochro-
matic light. The harmonic analysis of such 
perturbations leads to a representation anal-
ogous to a Fourier integral. The notions of 
phase velocity and group velocity are analyzed 
and their limits of validity are given as func-
tions of the width of spectrum considered and 
of the dispersive properties of the medium in 
the neighborhood of the mean frequency. The 
results of the analysis are summarized and 
discussed. 

538.567.2  3506 
The Biased Ideal Rectifier — W. R. Ben-

nett. (Bell Sys. Tech. Jour., vol. 26, pp. 139-
169; January, 1947.) Methods of solution and 
results are given for the frequency response of 
devices with sharply defined transitions be-
tween the conducting and nonconducting por-
tions of their characteristics. 

538.569.4.029.64:546.17h1  3507 
The Inversion Spectrum of Ammonia at 

Centimetre Wavelengths —B. Bleaney and R. 
P. Penrose. (Proc. Roy. Soc. A, vol. 189, pp. 
358-371; May 1, 1947.) Measurement tech-
nique and results for wavelengths between 1.1 
and 1.6 centimeters. 29 lines have been identi-
fied, each corresponding to a different rotational 
quantum state. An accurate formula is given for 
the wave numbers of these lines. See also 2622 
of 1946 and 3096 of November (Strandberg 
etal.). 

GEOPHYSICAL AND 
EXTRATERRESTRIAL PHENO MENA 

523.72:621.396.822.029.62  3508 
Solar Radio Noise: Part I—E. V. Appleton 

and J. S. Hey. (Phil. Mag., vol. 37, pp. 73-84; 
February, 1946.) An account of experiments 
carried out during a period of sunspot activity. 
Ground-level measurements of the noise spec-
trum at meter wavelengths are described; the 
shape of the spectral curve at the longer 
wavelengths is deformed by ionospheric influ-
ences. Enhancement of the noise has been ob-
served to occur simultaneously with solar 
flares and short-wave radio fadeouts. See also 
402 of March (Appleton) and back references. 

523.746: 538.12  3509 
The Growth and Decay of the Sunspot 

Magnetic Field —T. G. Cowling. (Mon. Not. 
R. Asir. Soc., vol. 106, No. 3, pp. 218-224; 

1946.) The rapid growth and decay, a matter of 
days, is thought to be due to convection and 
an initial magnetic field, otherwise the time 
taken would be about 300 years. 

523. 746."1947.03/.04"  3510 
Recent Solar Activity —( Nature (London), 

vol. 159, p. 549; April 19, 1947.) Report on 
the return of the sunspot group mentioned in 
2760 of October. In April, it had a peak area 
ot 5400 millionths of the sun's hemisphere, and 
there were no associated magnetic storms. See 
also 3107 of November. 

523.854:1621.396.822.029.58/.6  3511 
Interpretation of Radio Radiation from the 

Milky Way —C. H. Townes. (Astrophys. Jour., 
vol. 105, pp. 235-240; March, 1947.) A discus-
sion of the emission of radiation by ionized 
interstellar gas. Measurements between 30,000 
and 9.5 Mc. are analyzed and compared with 
theory. The radiation is explicable on the basis 
of an electron gas density of about 1 electron 
per cubic cm. and a temperature of 100,000 
to 200,000°K, which is much higher than that 
indicated previously. See also 402 of March, 
and 3598 and 3599 of January. 

537.591  3512 
Further Cosmic-Ray Experiments above 

the Atmosphere —S. E. Golian and E. H. 
Krause. (Phys. Rev., vol. 71, pp. 918-919; 
June 15, 1947.) 

537.591  3513 
Slow Cosmic Ray Mesons at Sea-Level--

G. R. Evans and T. C. Griffith.. ( Nature, 
(London), vol. 159, pp. 879-800; June 28, 
1947.) 

537.591  3514 
Recent Research in Meson Theory —G. 

Wentzel. (Rev. Mod. Phys., vol. 19, pp. 1-18; 
January, 1947.) 

537.591  3515 
The Production of Nucleons by the Cosmic 

Radiation —S. A. Korff and B. Ilamermesh. 
(Phys. Rev., vol. 71, pp. 842-845; June 15, 
1947.) 

551.510.53  3516 
The Temperature of the Upper Atmosphere 

— R. Penndorf. (Bull. Amer. Met. Soc., vol. 27, 
pp. 331-342; June, 1946.) Translation of paper 
in Met. Zeit., vol. 58, pp. 1-10; January, 1941. 
Summary noted in 3492 of 1942. A critical 
review of work published up to 1940. It is con-
cluded that the probable thermal structure for 
latitudes 45 to 55 degrees may be represented 
approximately by the following points: -
10 km., 220°K; 35 km., 230°K; 50 km., 320°K; 
80 km., 200°K; 100 km., 330 to 370°K; 230 
km. 430 to 830°K. Data for high latitudes are 
also discussed briefly. 

551.510.53  3517 
The Constitution of the Stratosphere —R. 

Penndorf. (Bull. Amer. Met. Soc., vol. 27, pp. 
343-345; June, 1946.) Translation of paper in 
Met. Zeit., vol. 58, no. 3, pp. 103-105; 1941. 
Summary noted in 3492 of 1942. 
The  pressure/height  relation  used  is 

log. (p2/p1)= — A(112— hi)/ T. Assuming the 
values of T as a function of height given in 
3516 above, pressure is calculated in 1-km. 
steps up to 100 km. where the value agrees 
with that given by Martyn and Pulley (2073 
of 1936) based on ionospheric data. The values 
of p are used to derive other parameters as a 
function of height and the results are tabulated 
for 10 km. intervals up to 100 km. 

551.510.535  3518 
Ionospheric Clouds —H. G. Wells. (Tele-

Tech, vol. 6, pp. 53-54; May, 1947.) Summary 
of an Institute of Radio Engineers' paper. A 
description of a motion-picture pulse recording 
equipment. 

551.510.535:621.396.11  3519 
Radio Investigation of the Ionosphere—C. 

J. Bakker. (Philips Tech. Rev., vol. 8, pp. 111-
120; April, 1946.) A general survey of the 
physical constitution and properties of the 
ionosphere and their bearing on radio corn-
munication. 

551.510.535:621.396.11  3520 
The Role of the Ionosphere in the Propaga-

tion of Radio Waves —R. Jouaust. (Bull. Soc. 
Franc. Elec., vol. 7, pp. 265-270; May, 1947.) 
Discussion on 1447 of June. 

551.510.535:621.396.11  3521 
Radiation Angle Variations from Ionosphere 

Measurements —Hallberg and Goldman. (See 
3625.) 

551.547+551.524.7  3522 
Pressure and Temperature of the Atmos-

phere to 120 km. —N. Best, R. Havens, and 
H. La Gow. (Phys. Rev., vol. 71, pp. 915-916; 
June 15,  1947.) Results of measurements 
made using a V-2 rocket and discussion of their 
accuracy. 

LOCATION AND AIDS TO NAVIGATION 

621.396.663:621.396.615.17  3523 
On a Standardized Aperiodic Pulse Gen-

erator and Its Application to the Statistical 
Recording and Radiogoniometry of Atmospher-
ics —Carbenay. (See 3471.) 

.621.396.93:519.2  3524 
A Problem on the Summation of Simple 

Harmonic Functions of the Same Amplitude 
and Frequency but of Random Phase —Horner. 
(See 3566.) 

621.396.93:551.594.6  3525 
The Location of Thunderstorms by Radio 

Direction-Finding —F. Adcock and C. Clarke. 
(Jour. I.E.E. (London), Part I, vol. 94, p. 
237; May, 1947.) Summary of 2799 of October. 

621.396.93:621.396.677  3526 
The Development and Study of a Practical 

Spaced-Loop Radio Direction-Finder for High 
Frequencies — W. Ross. (Jour. last's. Elec. 
Eng., Part I, vol. 94, p. 235; May, 1947.) 
Summary of 2780 of October. 

621.396.93:621.396.677  3527 
The Use of Earth Mats to Reduce the Polar-

ization Error of U-Type Adcock Direction-
Finders —R. L. Smith-Rose and W. Ross. 
(Jour. I.E.E. (London), Part I, vol. 94, p. 234; 
May, 1947.) Summacy of 2781 of October. 

621.396.93:621.396.677.029.58  3528 
Site and Path Errors in Short- Wave Direc-

tion-Finding — W. Ross. (Jour. I.E.E. (Lon-
don), Part I, vol. 94, p. 235; May, 1947.) 
Summary of 2782 of October. 

621.396.93:621.396.677.029.62  3529 
An Experimental Spaced-Loop Direction-

Finder for Very-High Frequencies —F. Horner. 
(Jour. I.E.E. (London), Part I, vol. 94, p. 233; 
May, 1947.) Summary of 2783 of October. 

621 .39 6.93:621.396.677.02943  3530 
Some Experiments on Conducting Screens 

for a U-Type Spaced-Aerial Radio Direction-
Finder in the Frequency Range 600-1200 Mc. — 
R. R. Pearce. (Jour. I .E.E. (London), Part I, 
vol. 94, p. 236; May, 1947.) Summary of 2784 
of October. 

621.396.932  3531 
Radar for Merchant Marine Service —F. 

E. Spaulding, Jr. (RCA Rev., vol. 8, pp. 312-
330, June, 1947.) "Discusses the technical fea-
tures of a new 3-cm. merchant marine radar 
equipment. Factors relating to the basic design 
are treated and operation of the various circuits 

is explained by reference to functional block 
diagrams. The physical form of the apparatus 
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is shown and plan-position-indicator (PPI) 
photographs are included to illustrate the 
navigational data furnished by thiq instrument. 
Specifications defining the performance char-
acteristics are also included." See also 2194 of 
1946 (Byrnes). 

621.396.933  3532 
P.I.C.A.O. Report on Navigational Aids 

(Book Noticej —Obtainable from E. M. Lewis, 
North Atlantic Regional Office, 7 Fitzwilliam 
Place, Dublin, 38.9d.--(Engineer (London), 
vol. 183, p. 369; May 2, 1947.) Final report 
covering the first session in Montreal. 

621.396.933.2  3533 
The Theory and Application of the Radar 

Beacon —R. D. Hultgren and L. B. Hallman, 
Jr. (Pace. I.R.E., vol. 35, pp. 716-7.30; July, 
1947.) The functions of the various com-
ponents of a typical beacon and its applica-
tions. 

621.396.933.2:621.396.615.141.2  3534 
Stabilized Magnetron for Beacon Service: 

Part I—Development of Unstabilized Tube — 
Donal, Cuccia and Brown. (See 3736.) 

621.396.933.2: 621.396.615.141.2  3535 
Stabilized Magnetron for Beacon Service: 

Part 2—Engineering of Tube and Stabilizer — 
Vogal and Dodds. (See 3737.) 

621.396.96:621.317.79  3536 
Echo Boxes for Radar Testing —Marshal. 

(See 3592.) 

621.396.96:623.827  3537 
Electronics in Submarine Warfare —C. A. 

Lockwood. (Pace. I.R.E., vol. 35, pp. 712-715; 
July, 1947.) 

621.396.96(52)  3538 
Short Survey of Japanese Radar: Part 1— 

R. I. Wilkinson. (Bell Sys. Tech., Jour., vol. 
26, p. 215; January, 1947.) Summary of part 
1 of 424 of March. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

535.37  3539 
Thermal and X-Ray Analyses of Some 

Common Phosphors —R. Nagy and Chung 
Kwai Lui. (Jour. opt. Soc. Amer., vol. 37, pp. 
37-41; January, 1947.) The structural changes 
which occur in the formation of phosphors are 
explained and the correct firing temperatures 
for maximum fluorescence determined. 

535.61-15: 666.112.3 : 535.34  3540 
- Infrared Absorption Spectra of Some Ex-

perimental Glasses Containing Rare Earth 
and Other Oxides —R. Stair and C. A. Faick. 
(Jour. Res. Nat. Bur. Stand., vol. 38, pp. 95-
101; January, 1947.) Transmission data for 
soda lime glasses from 0.7 to 4.5 ohms. 

535.61-15/-2:679.5  3541 
Plastic Filters for the Visible and Near 

InfraRed Regions —J. H. Shenk, E. S. Hodge, 
R. J. Morris, E. E. Pickett, and W. R. Brode. 
(Jour. opt. Soc. Amer., vol. 36, pp. 569-575; 
October, 1946.) Discussion of the combination 
of dyes and plastics to give filters capable of 
resisting heat, intense light, and weather effects, 
and possessing specified transmission char-
acteristics. 

538.21:669.14-41  3542 
Medium-Frequency Magnetization of Sheet 

Steel —R. Pohl. (Jour. I.E.E. (London), Part 
II, vol. 94, pp. 118-123; April, 1947.) Dis-
cusses the interdependence of hysteresis, eddy 
currents, and magnetic utilization; and gives 
simple expressions and curves for eddy-current 
loss, apparent flux and utilization factor. Sum-
mary ibid., Part I, vol. 94, p. 278; July 1947. 
For earlier work see 2047 of 1945. 

620.197  3543 
Protective Finishing of Electrical Equip-

ment —(Engineering, London, vol.  163, p. 
330; April 25, 1947.) Summary of an Institute 
of Radio Engineers' paper by F. Widnall and 
R. Newbound. A general survey covering self-
protective materials, electrolytic and chemical 
finishing, paint spraying, vitreous enameling, 
metal spraying, and test methods. For another 
account see Elec. Times, vol. 111, p. 246; 
March 6, 1947. 

621.314.63  3544 
Remarks on the Operation and Construc-

tion of Barrier Layer Rectifiers —M. Leblanc. 
(Bull. Soc. Franc. Elec., vol. 7, pp. 202-208; 
April, 1947.) Discussion on 1468 of June. 

621.314.63  3545 
Applications of  Dry Rectifiers —J.  M. 

Girard. (Bull. Soc. Franc. Elec., vol. 7, pp. 202-
208; April, 1947.) Discussion on 1469 of June. 

621.315.59+537.311.33  3546 
Semiconductors and Their Applications — 

A. F. Ioffe. (Bull. Acad. Sci. (U.R.S.S.) tier. 
phys., vol. 10, no. 1, pp. 3-14; 1946. In Rus-
sian.) The work in progress at the Physico-
Technical Institute of the Academy is surveyed 
under the following headings: (a) The de-
termination of the number of the conductivity 
electrons and of their mobility; experimental 
curves for various types of semiconductors are 
shown. (b) Electrical conductivity in strong 
electric fields: deviations from Ohm's law are 
discussed. (c) The mechanism of conductivity: 
factors determining the direction of the current 
passed by a semiconductor are examined. (d) 
Boundary layers: the penetration into semicon-
ductors of the field set up by the contact poten-
tial difference is considered. (e) Photoelectric 
phenomena: spectral sensitivity characteristics 
are plotted for various semiconductors. (f) Ap-
plications of semiconductors: particulars of the 
Ag2S and T12S photo cells of Soviet manufac-
ture are given in Table 2. 

621.315.61.011.5: 54C.431.823: 537.228.1  3547 
Dielectric and Piezoelectric Properties of 

Barium Titanate —S. Roberts. (Phys. Rev., vol. 
71, pp. 890-895; June 15, 1947.) Description 
and discussion of measurements of dielectric 
constant and loss at biasing field strengths 
from 0 to 5 mv./m., at temperatures from —50 
to +135 degrees C and at frequencies from 0.1 
to 25 Mc. The transverse and longitudinal pie-
zoelectric effects have been measured directly. 

621.315.611.011.5+537.226.3  3548 
The Relation between the Power Factor 

and the Temperature Coefficient of the Dielec-
tric Constant of Solid Dielectrics: Part 3— 
M. Gevers. (Philips Res. Rep., vol. 1, pp. 298-
313; August, 1946.) A new theory is presented 
which explains why, for most of the commercial 
dielectrics, the ratio between the temperature 
coefficient (T.C. of the dielectric constant and 
the power factor tan 8 has a value of about 0.6. 
Hence the value of the T.C. can be predicted 
from measurements of tan 8 at two different 
frequencies and two temperatures. For a mix-
ture of dielectrics a simple linear relation is 
found to exist between its T.C. and those of the 
components. Thus a mixture of 90 per cent 
Ce02 (T.C.+100 X10-6 ) and 10 per cent TiO2 
(T.C.— 880X 10-6 ) has a T.C. approximately 
zero. The linear relation does not apply to the 
power factors of the components of a com-
posite dielectric and no general law relating 
T.C. and tan 3 can be given for mixtures, par-
ticularly if some of the components have a posi-
tive and others a negative T.C. For part 4 see 
3572 below. 

621.315.611.011.5+537.226.3  3549 
The Relation Between the Power Factor 

and the Temperature Coefficient of the Dielec-
tric Constant of Solid Dielectrics: Part 4 
Gevers. (See 3572). 

621.315.612.2  3550 
Alkaline Earth Porcelains Possessing Low 

Dielectric Loss —M. D. Rigterink and R. 0. 
Grisdale. (Jour. Amer. Ceram. Soc., vol. 30, pp. 
78-81; March 1, 1947.) Porcelain bases for de-
posited carbon resistors, prepared from mix-
tures of clay, flint, and synthetic fluxes consist-
ing of clay calcined with at least three alkaline 
earth oxides. These white porcelains have excel-
lent dielectric properties and low coefficients of 
thermal expansion. 

621.315.612.4.011.5  3551 
Properties of Barium-Strontium Titanate 

Dielectrics —E. N. Bunting, G. R. Shelton, and 
A. S. Creamer. (Jour. Res. Not. Bur. Stand., 
vol. 38, pp. 337-349; March, 1947. Jour. Amer. 
Ceram. Soc., vol. 30, pp. 114-125; April 1, 
1947.) Results are given for various properties, 
including dielectric constant and power factor 
reciprocal for frequencies of 50 to 20,000 kc. to-
gether with some measurements at 3000 Mc. 

621.316.89+621.315.59  3552 
Properties and Uses of Thermistors — 

Thermally Sensitive Resistors —J. A. Becker, 
C. B. Green, and G. L. Pearson. (Bell Sys. 
Tech. Jour., vol. 26, pp. 170-212; January, 
1947.) Reprint of 765 of April. 

621.318.2:621.775.7  3553 
Sintered Permanent Magnets —S. J. Gar-

vin. (Engineering (London), vol. 163, pp. 445-
446 and 465-467; May 30, and June 6, 1947. 
A review of the development of sintering and a 
detailed account of recent methods for produc-
ing accurately shaped magnets of alnico or 
alcomax. Such methods involve the use of a 
"master alloy" of 48 per cent Fe, 52 per cent Al, 
which has a wetting point about 100 degrees C 
below the sintering temperature. This alloy is 
brittle and can be crushed readily to a fine 
powder. It is also much less prone to oxidation 
than pure Al, so that commercial hydrogen can 
be used as the atmosphere ciuring the sintering 
process. 

621.318.22:669.144.25  3554 
Vicalloy —A Workable Alloy for Permanent 

Magnets —G. W.O.H. (Wireless Eng., vol. 24, 
p. 192; July, 1947.) Editorial comment on a 
Bell Telephone System monograph by E. A. 
Nesbitt. Vicalloy is a new alloy of Fe, Co, and 
Va, which can be rolled and drawn and has been 
used as a tape 0.05 by 0.002 inch for speech re-
cording in the Western Electric mirrorphone. 

621.318.323.2.042.15  3555 
Permeability of Dust Cores —V. E. Legg. 

(Wireless Eng., vol. 24, pp. 218-219; July, 
1947.) Comment on 35 of February. The value 
of an empirical formula for the permeability of 
molybdenum permalloy cores given in 4424 of 
1940 (Legg & Given) is discussed. An empirical 
treatment is stated to be more profitable than a 
mathematical analysis of the magnetic behav-
ior of such cores, as the shape and size of the 
magnetic particles and their relative disposi-
tions in the insulating material are not simple 
and depend on the grain structure of the perm. 
alloy as originally cast and on its subsequent 
treatment. See also 1692 and 1693 of July and 
2816 of October. 

666.2:621.327.3  3556 
Ultraviolet-Transmitting Glasses for Mer-

cury-Vapor Lamps —M. E. Nordberg. (Jour. 
Amer. Ceram. Soc., vol. 30, pp. 174-179; June 
1, 1947.) The ultraviolet transmitting proper-
ties of Vycor glasses no. 791 and no. 7911 are 
compared with those of certain other glasses 
and fused silica. Transmission loss with age is 
much less than with other glasses. 

678+ 546.261621.317.331  3557 
Electrical Conductivity of GR-S and Nat-

ural Rubber Stocks Loaded with Shawinigan 
and R-40 Blacks—P. E. Wack, R. L. Anthony, 
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and E. Guth. (Jour. App!. Phys., vol. 18, pp. 
456-469; May, 1947.) 

679.5  3558 
A Plastics Primer for Engineers—K. Rose. 

(Materials and Methods, vol. 25, pp. 119-138; 
April, 1947.) Description and characteristics 
are given for thermosetting resins of the pheno-
lic, amino-formaldehyde, aniline-formaldehyde, 
and allyl ester groups and the effects of various 
fillers upon their properties are discussed. 
Thermoplastic groups include cellulosics, vinyls, 
acrylics, polyamides, polystyrenes, polyethyl-
ene, polytetrafluorethylene, caseins, and sili-
cones. The trade names by which the principal 
plastics are known in the United States are 
tabulated. 

679.5:621.315.610  3559 
Teflon —An Improved Plastic for R.F. Use 

— W. S. Penn. (Elearonic Eng. (London), vol. 
19, p. 220; July, 1947.) Electrical, mechanical 
and dielectric properties of polytetrafluorethyl-
ene (Teflon) and polythene are compraed. See 
also 1121 of May and 3169 of November 
(Johnson). 

MATHEMATICS 

513.732.6:621.396.615.141.2  3560 
A Flux Plotting Method for Obtaining 

Fields Satisfying Maxwell's Equations, with 
Applications to the Magnetron—P. D. Crout. 
(Jour. App!. Phys., vol. 18, pp. 348-355; April, 
1947.) Flux plotting methods previously ap-
plied to fields satisfying Laplace's and Pois-
son's equations are here extended to fields sat-
isfying Maxwell's equations. The method is 
applied to the hole-and-slot type 01 magnetron 
operating in its main mode, and to the vane 
type of magnetron. For previous work see Ra-
diation Laboratory Report 1047. 

517.512.2:621.396.67  3561 
Fourier Transforms in Aerial Theory: Part 

2—J. F. Ramsay. (Marconi Rat., vol. 10, pp. 
17-22; January to March, 1947.) Graphs of the 
Fourier sine transforms of a square wave, a 
saw-tooth wave, a sine wave, and a sine-
squared wave are given. For part 1 see 2680 of 
October. 

518.5  3562 
An Electrical Network for the Solution of 

Secular Equations —R. H. Hughes and E. B. 
Wilson, Jr. (Rev. Sci. Instr., vol. 18, pp. 103-
108; February, 1947.) A network of suitable 
coils and capacitors is assembled whose reso-
nance equation is identical with the secular de-
terminant. For determining the latent roots of 
a real symmetric matrix of rs rows and columns, 
the network has n junctions which are inter-
connected  by  reactive  admittances  and 
grounded by equal variable admittances which 
represent the unknown in the equation. The 
values of the variable admittances correspond-
ing to maxima of the voltages of the junctions 
with respect to ground give the desired roots. 
Usually an accuracy better than 1 per cent is 
obtained, for n 5 6. 

518.5  3563 
Electrical Analogue Computing: Parts 1 and 

2—D. J. Mynall. (Electronic Eng., vol. 19, pp. 
178-180 and 214-216; June and July, 1947.) 
The fundamental circuits used for electro-rne-
chanical addition, multiplication, division, dif-
ferentiation and integration are described. To 
be continued. 

518.5:621.385  3564 
Electrostatic  Storage —Rajachman.  (See 

3712.) 

518.61  3565 
Some Improvements in the Use of Relaxa-

tion Methods for the Solution of Ordinary and 
Partial Differential Equations—L. Fox. (Proc. 
Roy. Soc. A., vol. 190, pp. 31-59; June 17, 

1947.) The standard use of relaxation methods 
is extended by the inclusion of terms usually 
neglected in the finite difference equations in-
volved. Eight examples of the method are 
given, illustrating the high accuracy obtainable 
with reduced labor. 

519.2:621.396.93  3566 
A Problem on the Summation of Simple 

Harmonic Functions of the Same Amplitude 
and Frequency but of Random Phase — 
F. Horner. (Phil. Mag., vol. 37, pp. 145-162; 
March, 1946.) The problem treated is the de-
termination of the probability P.(s) that the 
amplitude of an arbitrarily chosen component 
of the resultant shall lie between the limits s 
and s-l-ds. Curves of P,,(s) are given as func-
tions of s for n 1, 2, 3, and 7 where n is the 
number of harmonic functions involved in the 
summation. For large values of n, the distribu-
tion is of Gaussian form, and it seems likely 
that the lowest value of n for which the Gaus-
sian curve gives a reasonably good fit is 5. The 
r.m.s. values of $ are the same for the true and 
normal distributions for all values of n. 

MEASUREMENTS AND TEST GEAR 

531.76:621.317.755  3567 
Precision Device for Measurement of Pulse 

Width and Pulse Slope —H. L. Morrison. 
(RCA Rev., vol. 8, pp. 276-288; June, 1947.) 
Direct measurement in microseconds for pulses 
having the same repetition rate. 

531.761:621.317.39  3568 
An Electronic Millisecond Timer —S. S. 

West and L. C. Bentley. (Electronic Eng., vol. 
19, pp. 207-210; July, 1947.) The circuit com-
prises an electronic trigger arrangement, which 
can be operated by a photo cell or from an ex-
ternal source. 
It will measure short time intervals in the 

range 0.5 to 100 milliseconds with an accuracy 
of ±2 per cent. The accuracy depends almost 
entirely on the stability of a standard capacitor 
and on the calibrating resistance. 

531.765:621.317.755  3569 
Spiral Chronograph for Measurement of 

Single Millisecond Time Intervals with Micro-
second Accuracy—R. J. Emrich. (Rev. Sci. 
Instr., vol. 18, pp. 150-157; March, 1947.) The 
spiral timebase is controlled by a crystal; the 
c.r.t. beam is held off in the steady state and is 
switched on by the pulse marking the beginning 
of the time interval to be measured. The beam 
brilliance is modulated to provide 5-microsec-
ond markers and is turned off by the pulse mark-
ing the end of the required time interval, an 
Eccles-Jordan trigger circuit being used. The 
screen is of long persistence, the trace being 
measured directly, or photographed as a "still" 
record. A pulse sharpening circuit is used to 
eliminate uncertainty as to the exact time of 
operation of the on-off trigger. 

538.569.4.029.64: 546.171.1  3570 
The Inversion Spectrum of Ammonia at 

Centimetre Wavelengths—Bleaney and Pen-
rose. (See 3507.) 

621.3.012.3  3571 
Microwave Impedance-Plotting Device — 

W. Altar and J. W. Coltman. (Paoc. LR.E., 
vol. 35, pp. 734-737; July, 1947.) The device is 
used in conjunction with a Smith Impedance 
Chart (1372 of 1939) and computes the angular 
position of the load point, directly from the ob-
served data. 

621.315.611.011.5+537.226.3  3572 
The Relation Between the Power Factor 

and the Temperature Coefficient of the Dielec-
tric Constant of Solid Dielectrics: Part 4— 
M. Gevers. (Philips Res. Rep., vol. 1, pp. 361-
379; November, 1946.) The power factor is 
measured by determining the increase in damp-
ing of a tuned circuit when a capacitor formed 

from the dielectric is connected in parallel. The 
details of this method and the apparatus used 
for determining the temperature coefficient of 
the dielectric constant are discussed. Sources of 
error and the necessary corrections are indi-
cated. For previous parts see 125 of February 
1476 of June and 3548 above. 

621.317.1.011.5  3573 
A Method for Measuring Certain Electric 

Constants at Centimetre Wavelengths—K. G. 
Knorre. (Bull. Acad. Sci. (U.R.S.S.), ser. phys., 
vol. 10, no. 1, pp. 117-123; 1946. In Russian.) 
A rectangular cavity resonator is considered 
with ideally conducting walls and divided into 
three zones each representing a different dielec-
tric medium (Fig. 1). The discussion is limited 
to H-waves and systems of (3) and (7) are de-
rived determining the field in each zone. On the 
basis of the results obtained, a. method is pro-
posed for measuring the dielectric constant of a 
medium. The method is based on obtaining res-
onance by moving one of the end walls of the 
resonator. The damping of a resonator con-
taining a dielectric is discussed and also the 
possibility of measuring losses in the dielectric. 

621.317.3:621.396.611.21  3574 
Electrical Characteristics of Quartz-Crystal 

Units  and  Their  Measurement— W.  D. 
George, M. C. Selby, and R. Scolnik. (Jour. 
Res. Nat. Bur. Stand., vol. 38, pp. 309-328; 
March, 1947.) Q-meters and r.f. bridges were 
used. Measurement methods and their relative 
merits and limitations are discussed. Anti-
resonance impedance up to 5 megaohms was 
measured to within ± 5 per cent. Constancy of 
electrical characteristics, secondary responses 
and changes with amplitude of vibration and 
temperature were investigated for many 8.7-
Mc. BT-cut crytsal units and a few 50-kc. and 
100-kc. units. A graphical method of represent-
ing the electrical characteristics of normal crys-
tal units is suggested. 

621.317.333.82:621.319.4  3575 
Overvoltage Testing of Capacitors—R. J. 

Hopkins. (Electronics, vol. 20, pp. 105-107; 
June, 1947.) 

621.317.336.1:[621.385.3/5  3576 
The Measurement of Dynamic Mutual 

Conductance of Valves using the Grounded-
Grid Triode Mode of Operation —F. Gutmann. 
(Jour. Sci. Instr., vol. 24, pp. 94-95; April, 
1947.) The tube under test is connected as a 
cathode-loaded grounded-grid triode and a 
known alternating voltage in series with a cur-
rent indicator is applied across the load. The 
measured current is approximately propor-
tional to the dynamic mutual conductance. 

621.317.361  3577 
F.C.C. Frequency  Measurement Tech-

niques —A. K. Robinson. (Electronics, vol. 20, 
pp. 114-116; June, 1947.) The system depends 
on a primary 50-kc. standard, of accuracy 
greater than 1 in 107, with frequency subdivi-
sion to 50 c.p.s. for comparison check with 
standard time signals. 10-kc. markers, derived 
from the standard, extend up to 500 Mc. by use 
of a high-gain harmonic amplifier having indi-
vidual harmonic output constant with fre-
quency. The external signal to be checked is 
made to beat with the nearest marker. The beat 
note is measured by an audio interpolation os-
cillator, range 0 to 5 kc., accuracy ±2 c.P.s., 
used with an oscilloscope. Provision is made for 
sense determination. Signals of short duration 
are checked by means of a heterodyne fre-
quency meter. 

621 .317.382:621.385.831  3578 
Power Measurement of Class B Audio Am-

plifier Tubes —D. P. Heacock. (RCA Rev., vol. 
8, pp. 147-157; March, 1947.) An accurate 
method, particularly suitable for production 
tests, of determining the performance by a 
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simple measurement of the anode current of one 
of the two tubes. 

621.317.44.025  3579 
An Alternating Current Probe for Measure-

ment of Magnetic Fields —E. C. Gregg, Jr. 
(Rev. Sci. Instr., vol. 18, pp. 77-80; February, 
1947.) A summarized account of this probe was 
noted in 3184 of November. Advantage is taken 
of the fact that the a.c. permeability of most 
magnetic alloys changes with  superposed 
steady-state d.c. magnetic fields. 

621.317.49:534.321.9  3580 
Comparison of Supersonic Intensities by 

Means of a Magnetostriction Gauge —A. W. 
Smith and D. K. Weimer. (Rev. .5ci. Instr., 
vol. 18, pp. 188-190; March, 1947.) The gauge 
consists essentially of a small rod of Ni wound 
with a few turns of wire. The acoustic pressures 
present in the liquid produce changes in length 
of the rod which in turn, because of the inverse 
magnetostrictive effect, induce voltages in the 
coil. 

621.317.7+621.38+621.396.69  3581 
The Physical Society's Exhibition —(Engi-

neer (London), vol. 183, pp. 328-331, 352-353, 
and 383-385; April 18 and 25, and May 2, 
1947.) Engineering (London), vol. 163, pp. 364-
366; May 2, 1947.) Descriptions of further se-
lections of the exhibits in the trade and research 
sections. See also 3185 of November and 2494 of 
September. 

621.317.7.029.62/.63:1621.396.81+ 621.396.822 
3582 

A V.H.F./U.H.F. Noise and Field Intensity 
Meter —L. W. Martin. (Communications, vol. 
27, pp. 32-35, 44; June, 1947.) Description, 
with complete circuit diagram, of equipment for 
noise measurement in mv. or db. and field-in-
tensity measurement in mv./m. in the frequency 
range 88 to 400 Mc. 

621.317.725  3583 
A Very High Impedance R. M.S. Voltmeter 

for Iron Testing—K. A. Macfadyen, D. C. Gall 
and F. C. Widdis. (Jour. Sci. Instr., vol. 24, 
p. 109; April, 1947.) Discussion of 1514 of June. 
Input impedance up to 80 megaohms is 
achieved by returning the grid leak to a positive 
voltage. The relative merits of current and volt-
age feedback are considered. 

621.317.725.027.7  3584 
The Design of an Ellipsoid Voltmeter for 

the Precision Measurement of High Alternat-
ing Voltages —F. M. Bruce. (Jour. I. E. E. 
(London), Part II, vol. 94, pp. 129-137; Discus-
sion, pp. 149-154; April, 1947.) High alternat-
ing voltages are measured by timing the oscil-
lations of a small ellipsoid suspended by a 
thread in the uniform electric field between 
two parallel vertical disks. By accurate mechan-
ical construction, and correction of the results 
for known sources of error, the voltage between 
the disks is deduced with an estimated error of 
less than ± 0.03 per cent. See also 3585 below. 
Summary, ibid., Part I, vol. 94, p. 279; June, 
1947. 

621.317.728.089.6  3585 
Calibration of Uniform-Field Spark-Gaps 

for High-Voltage Measurement at Power Fre-
quencies —F. M. Bruce. (Jour. I.E.E. (Lon-
don), Part II, vol. 94, pp. 138-149; April, 1947. 
Discussion, pp. 149-154.) Description of spark 
gaps using electrodes shaped to give a uniform 
field in the gap. A calibration between 9 and 
315 kv. is given, agreeing with a simple em-
pirical formula to within ±0.2 per cent. See 
also 3584 above. Summary ibid., Part I, vol. 
94, pp. 279-280; June, 1947. 

621.317.75  3586 
A Rotary PeriodograPh— G. B. Moncrieff-

Veates. (Jour. Sci. Instr., vol. 24, pp. 35-40; 
February, 1947.) An instrument for the rapid 

analysis of disturbed periodic functions. The 
variance, obtained photoelectrically, of the sum 
of two ordinates is plotted against their separa-
tion to produce a "characteristic curve" con-
taining many of the constants required. 

621.317.755:621.3.015.3:621.311.1  3587 
Oscillographs for Rapid Transient Phe-

nomena. Their Application to the Study of Over-
voltages in Grid Systems —P. Grassot. (Bull. 
Soc. Franc. Elec., vol. 7, pp. 95-101; February, 
1947.) Short descriptions of various modern in-
struments, with applications to surge investiga-
tions. 

621.317.761 +1621.396.615.12:621.317.79 3588 
A V.H.F. Signal Generator or Frequency 

Meter —J. G. Ratcliff. (R.S.G.B. Bull., vol. 22, 
pp. 118-122; February, 1947.) Describes a com-
pact heterodyne frequency meter, covering the 
range 5 to 250 Mc., which can also be used as a 
tone-modulated source of r.f. voltage. Six plug-
in coils are used and crystal check points are 
provided at 2- and 10-Mc. intervals. Transitron 
multivibrators give division down to 500 or 100 
kc. 

621.317.763.029.64  3589 
Direct Reading Wavemeters —G. E. Feiker 

and H. R. Meahl. (Tele-Tech., vol. 6, p. 59; 
May, 1947.) Summary of an Institute of Radio 
Engineers' paper. An account of loop-coupled 
quarter-wave coaxial wavemeters for use in the 
8 to 12 and 12 to 17 cm. wavelength ranges. 
Resonance is indicated by a crystal-tube volt-
meter. Accuracy is within 0.1 per cent. 

621.317.772.029.64:621.396.67  3590 
Phase-Front Plotter for Centimeter Waves 

— H. Iams. (RCA Rev., vol. 8, pp. 270-275; 
June, 1947.) The area to be plotted is scanned 
by a motor-actuated probe. The energy picked 
up by the probe at any point is combined with 
a reference signal and applied to a detector. The 
detector output, which varies with the phase 
difference between the probe and reference sig-
nals, is amplified and applied to a stylus di-
rectly below the probe; a sheet of current-sensi-
tive paper is thus darkened in proportion to the 
detector output and a record is obtained show-
ing which parts of the area have the same 
phase. The plotter was used to test centimeter-
wave aerials. 

621.317.79:621.396.822  3591 
Distortion-Noise  Meter —C. W. Clapp. 

(Tele-Tech., vol. 6, p. 61; May, 1947.) Sum-
mary of an Institute of Radio Engineers' paper. 
A bridge-T type filter covering 50 to 15,000 
c.p.s. rejects the fundamental while passing 
harmonics. The circuit can be adapted for use 
as a noise meter. 

621.317.79:621.396.96  3592 
Echo Boxes for Radar Testing—R. W. 

Marshall. (Bell Lab. Rec., vol. 25, pp. 111-113; 
March, 1947.) A short account of typical con-
structions and their use to indicate over-all per-
formance of radar installations. 

621.396.619.083:621.397.5  3593 
A Method of Measuring the Degree of 

Modulation of a Television Signal —T. J. 
Buzalski. (RCA Rev., vol. 7, pp. 265-271; June, 
1946.) The double sideband output of the 
transmitter energizes a linear diode monitor, 
the output of which contains a d.c. component 
in addition to the visual signal. This composite 
signal is short-circuited periodically by a "Vi-
broswitch," thus establishing a zero level. The 
amplitudes of the components of the resultant 
trace may be read directly on an oscilloscope 
and the modulation percentage calculated. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

534.321.9: 531.717 621.436-222  3594 
Ultrasonic Measurement of Wall Thickness 

in Diesel Cylinder Liners- F. W. Struthers and 

H. M. Trent. (Jour. A cous. Soc. Amer., vol. 19, 
pp. 368-371; March, 1947. 

535.61-15:621.389  3595 
Infrared Equipment for Military Purposes 

—(Engineering (London), vol. 163, p. 258; 
April 4, 1947.) For another account see 2862 of 
October. 

535.61-15:621.391.64621.327.032.196  3596 
Cesium Vapor Lamps —N. C. Beese. (Jour. 

Opt. Soc. Amer., vol. 36, pp. 555-560; October, 
1946.) Structural details and characteristics of 
lamps giving infrared radiation and capable of 
100 per cent current modulation throughout 
the a.f. range. 

537.533.73:539.2  3597 
Electron Diffraction. Apparatus used in 

France and Abroad. Possibilities of the Method 
for Crystal Analysis of Thin Plates and for Sur-
face Structure —J. Devaux. (Bull. Soc. Franc. 
Elec., vol. 7, pp. 111-115; February, 1947.) 

538.71.001.8+538.71: [623.26+623.95  3598 
Bomb and Mine Location: Peace-Time Ap-

plications —(Beama Jour., vol. 54, pp. 139-
140; April, 1947.) A short account of the E.R.A. 
mumetal magnetometer and balanced-coil lo-
cator, with applications to the locations of 
sunken anchor buoys and other equipment in 
the Seine estuary. 

550.837:621.396.675  3599 
Electric Field of an Oscillating Dipole on 

the Surface of a Two-Layer Earth — Wolf: 
Lewis. (See 3435 and 3436.) 

550.837.7  3600 
On the Use of Electromagnetic Waves in 

Geophysical  Prospecting—C.  W.  Horton. 
(Geophys., vol. 11, pp. 505-517; October, 1946.) 
The response of the earth to a d.c. step function 
is analyzed for the case in which displacement 
currents are negligible. It is shown that under 
typical conditions the depth of an electrical in-
terface 6000 feet below ground can be measured 
by means of e.m. waves, even thin layers of salt 
water or oil-bearing sand giving measurable 
effects. 

550.837.7:621.396.9  3601 
Use of the Broadcast Band in Geologic 

Mapping —L. Kerwin. (Jour. Appi. Phys., vol. 
18, pp. 407-413; April, 1947.) A description of 
field equipment designed to study the effect of 
geologic anomalies on e.m. field intensity, with 
experimental results. 

551.46.018.3:621.317.39  3602 
The Measurement of Sea- Water Velocities 

by Electromagnetic Induction—R. W. Guelke 
and C. A. Schoute-Vanneck. (Jour. I .E.F. 
(London), Part 1, vol. 94, p.232; May, 1947.) 

620.191.33:534.321.9  3603 
The Detection of Internal Leaks in Aircraft 

Hydraulic Systems —R. G. Nuckolls and H. M. 
Trent. (Jour. Acous. Soc. Amer., vol. 19, pp. 
364-367; March, 1947.) A crystal pickup and 
amplifier which monitor "the ultrasonic vibra-
tions produced in the system by the leaking 
tube, which vibrations are most intense at the 
defective element." 

621.318.572  3604 
Vane-Actuated Controller — Wannamaker. 

(See 3444.) 

621.365.5  3605 
Temperature Charts for Induction and Con-

stant-Temperature Heating—M. P. Ileisler. 
(Trans. A.S. M.E., vol. 69, pp. 227-236; April, 
1947.) "Charts are presented for determining 
complete temperature histories in spheres, cyl-
inders, and plates." 

621.38/.391.001.8  3606 
Radar Techniques in an Industrial Control 

-- W. D. Cockrell. (Elec. Eng., vol. 66, pp. 365-
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368; April, 1947.) A description of u.h.f. meth-
ods for register control in the printing and pa-
per industries. 

621.38: 6(048)  3607 
Industrial Electronic Equipment Uses: Part 

2— W. C. White. (Elec. Ind., vol. I, p. 6; April, 
1947.) Continuation of 2520 of September. A 
further list of 123 references. 

621.384.6  3608 
Atomic Artillery —J. Stokley. (Gen. Elec. 

Rev., vol. 50, pp. 9-19; June, 1947.) An outline 
of the various types of electron and ion accele-
rators which have been used to produce streams 
of atomic particles of high energy. The princi-
ples of operation of the cyclotron, synchro-cy-
clotron, betatron, and synchrotron are de-
scribed, and mention is made of a new type of 
linear accelerator expected to produce particles 
with an energy of 40 megaelectron volts, in 
which radar pulse transmitters will provide the 
energy source. 

621.384.6:621.316.7  3609 
The Synchronization of Auxiliary Appara-

tus with a Betatron —G. C. Baldwin, G. S. 
Klaiber, and A. J. Hartzler. (Rev. Sci. 
vol. 18, pp. 121-124; February, 1947.) Auto-
matic control by external apparatus, such as a 
cloud chamber, of the production of X-rays by 
a betatron is described. Upon receiving an 
initiating signal from the cloud chamber a relay 
and thyratron circuit permits injection of elec-
trons into the betatron vacuum tube only dur-
ing a single cycle. Three thyratrons furnish a 
series of synchronizing signals. 

621.385.833  3610 
Present Status and Future Possibilities of 

the Electron Microscope —J. Hillier. (RCA 
Rev., vol. 8, pp. 29-42; March, 1947.) 

621.385.833  3611 
The Electron Microscope —P. Grivet. (Bull. 

Soc. Franc. Elec., vol. 7, pp. 102-110; Febru-
ary, 1947.) A description of some of the special 
features of the C.S.F. electrostatic instrument, 
with microphotographs of widely differing ob-
jects. See also 3706 of January. 

621.385.833  3612 
The Electron Optical System of the Electron 

Microscope —M. E. Haine. (Jour. Sci. Instr., 
vol. 24, pp. 61-66; March, 1947.) Theoretical 
and practical considerations in the design and 
use of the microscope. 

621.385.833  3613 
On the Limit of Resolution of the Electron 

Microscope. Unsymmetrical Lens —H. Bruck. 
(Compt. Rend. Acad. Sci. (Paris), vol. 224, pp. 
1628-1629; June 9, 1947.) Formulas for the 
limit are derived, which depend on the lack of 
symmetry in the objective lens. Similar formu-
las are given for the optical case. The formulas 
hold in all cases where lack of symmetry is a 
more serious detect than spherical aberration. 
See also 3238 of November. 

621.385.833  3614 
Conditions for Extending the Resolution 

Limit of the Electron Microscope —V. E. Coss-
lett. (Jour. Sci. Instr., vol. 24, pp. 40-43; Feb-
ruary, 1947.) The limiting resolution obtainable 
with magnetic lenses of existing type may be re-
duced from 10 A to perhaps 6 A by the use of a 
sufficiently high accelerating voltage, provided 
that the lens power is maintained at the value 
which gives minimum aberration. Further im-
provement can only be obtained by correction 
of lens aberrations. 

621.385.833  3615 
Preparation and Uses of Silica Replicas in 

Electron Microscopy —C. H. Gerould. (Jour. 
Appl. Phys., vol. 18, pp. 333-343; April, 1947.) 
A method is described for preparing silica 
replicas of specimens which cannot be subjected 

to the temperatures and pressures of the ordi-
nary technique. 

621.386.1  3616 
X-Ray Generators for 1000 and 2000 kv. — 

J. Saget. (Bull. Soc. Franc. Elec., vol. 7, pp. 
273-274; May, 1947.) Discussion on 1547 of 
June. 

621.386.1:615.849  3617 
A 400 Kilovolt Installation for X-Ray Ther-

apy — W. H. Boldingh and W. J. Oosterkamp. 
(Philips Tech. Rev., vol. 8, pp. 105-110; April, 
1946.) A novel construction, with the anode 
earthed and the focus at the end of a long 
earthed metal tube projecting through a par-
tition into the irradiation chamber. 

621.791.736.31  3618 
Precision Energy-Storage Spot Welder — 

R. Briggs and H. Klemperer. (Electronics, vol. 
20, pp. 102-104; June, 1947.) 
623.454.25:621.396.9  3619 
Radio Proximity Fuze —( Tech. Bull. Not. 

Bur. Stand., vol. 31, pp. 3-8; January, 1947.) 
An account of the development of the fuse at 
the National Bureau of Standards, Washing-
ton. See also 623, 624, and 1627 of 1946. 

PROPAGATION OF WAVES 

538.566+621.396.11  3620 
On the Propagation of Electromagnetic 

Waves  Through  the  Atmosphere —B.  K. 
Banerjea. (Proc. Roy. Soc. A, vol. 190, pp. 67-
81; June 17, 1947.) "A general method of tack-
ling the problem of the propagation of electro-
magnetic waves in the ionosphere has been de-
veloped ands the current methods of Appleton, 
Hartree, Saha, Rai, and Mathur, etc., have 
been deduced as special cases from the general 
results. The different assumptions by Appleton, 
Hartree, Bose, Booker, and Rai, as regards the 
condition of reflexion of the waves from the 
ionosphere, have been shown to be identical. A 
symbol-correspondence chart for the different 
symbols used by the different workers has been 
given to facilitate the understanding of the 
parallelism between the different methods. 
Polarization of the radio waves has been dis-
cussed fully." 

538.566  3621 
[One-Dimensional] Propagation of a Per-

turbation, of Narrow Frequency Range, in a 
Non-Absorbing Dispersive Medium —Blanc-
Lapierre and Lapostolle. (See 3505.) 

551.510.535:621.396.24  3622 
Application of the Theories of Indirect 

Propagation to the Calculation of Links Using 
Decametre Waves —Aubert. (See 3654.) 

621.396.11  3623 
On the Problem of Efficient Long-Distance 

Wireless Power Transmission —S. Tetelbaum 
(Jour. Phys. (U.S.S.R.), vol. 9, no. 6, pp. 505-
514; 1945.) 

621.396.11:534.231  3624 
A Device for Plotting Rays in a Stratified 

Medium —Lawson, Miller, Jr., and Schiff. (See 
3389.) 

621.396.11:551.510.535  3625 
Radiation Angle Variations from Iono-

sphere Measurements —H. E. Hallborg and 
S. Goldman. (RCA Rev., vol. 8, pp. 342-351; 
June, 1947.) "The heights of the F and F2 lay-
ers at Washington, D. C., and San Francisco, 
Calif., and their variability ranges are studied 
for the year 1945. These data are applied to de-
termine the optimum radiation angle ranges for 
various hop modes on the New York-San Fran-
cisco circuit. Wide diurnal and seasonal varia-
tions are indicated. Practical applications to 
effective antenna design are discussed." 

621.396.11:551.510.535  3626 
The Role of the Ionosphere in the Propaga-

tion of Radio Waves —Jouaust. (See 3520.) 

621.396.11:551.510.535  3627 
Radio Investigation of the Ionosphere— 

Bakker. (See 3519.) 

621.396.11.029.62/.63  3628 
Propagation Studies on 45.1, 474, and 2800 

Megacycles Within and Beyond the Horizon— 
G. S. Wickizer and A. M. Braaten. (Paoc. 
I.R.E., vol. 35, pp. 670-680; July, 1947.) Re-
cordings of field strength on 2800, 474, and 45.1 
Mc. over a period of 13 months were made at 
distances of 42 miles (within the horizon) and 
70 miles (beyond the horizon) from the trans-
mitter. Maximum values 3 or 4 times the free-
space values were obtained at the two higher 
frequencies. Variations at 474 and 2800 Mc. 
were greater than those at 45.1 Mc.; varia-
tions at 70 miles were greater than those at 42 
miles. Refraction was found to be greater in 
summer; superrefraction only occurred when 
the wind velocity was less than about 13 m.p.h. 
Simultaneous meteorological observations were 
made. 

621.396.41.029.64  3629 
Calculation of Multiplex U.H.F. Radio-

Telephone  Links —H.  Chireiz.  (Bull. Soc. 
Franc. Alec., vol. 7, pp. 271-272; May, 1947.) 
Discussion on 1559 of June. 

621.396.81  3630 
V.H.F. Propagation Surveys for Mobile 

Services —R. G. Peters. (Communications, vol. 
27, pp. 20 and 45; June, 1947.) 

621.396.812.029.62  3631 
Propagation on Five —E. J. Williams and 

D. W. Heightman. (Short Wave Mag., vol. 4, 
pp. 749-751; February, 1947.) Criticism of 1561 
of June; for Russell's reply see 3632 below. 

621.396.812.029.62  3632 
More About V.H.F. Propagation —O. J. 

Russell. (Short Wave Mat., vol. 5, pp. 46-48; 
March, 1947.) A reply to criticism in 3631 above 
of 1561 of June. 

621.396.812.029.64  3633 
Research in England on the Propagation of 

Ultrsi-Short Waves —Bras. (Bull. Soc. Franc. 
Alec., vol. 7, pp. 270-271; May, 1947.) Discus-
sion on 1563 of June. 

621.396.812.4.029.62  3634 
Tropospheric Reception —G. W. Pickard 

and H. T. Stetson. (Tele-tech, vol. 6, p. 54; 
May, 1947.) Summary of an Institute of Radio 
Engineers'  paper.  Daily  records  of  field 
strength of W2XMN f.m. transmissions on 42.8 
Mc. show variations.dependent upon the pas-
sage of warm and cold fronts across the trans-
mission path. Reception at I67-mile range was, 
on the average, three to four times stronger in 
summer than in winter. 

RECEPTION 
621.396.621  3635 

Modernizing the Old Receiver — W. L. 
North. (QST, vol. 31, pp. 54-55, 130; April, 
1947.) Details of alterations to an RME-69 re-
ceiver resulting in considerable improvement 
in both gain and image rejection. 

621.396.621  3636 
Criteria for Diversity Receiver Design — 

W. Lyons. (RCA Rev., vol. 8, pp. 373-378; 
June, 1947.) Discussion limited to receivers in-
corporating diode switching of the common di-
ode load variety. 

621 .39 6.621:621.395.623.66  3637 
The Pocket Ear —J. L. Hathaway and 

W. Hotine. (RCA Rev., vol. 8, pp. 139-146; 
March, 1947.) The development of a three-
tube pocket radio receiver, with a flexible tube 
for conducting sound to the ear, for maintain-
ing contact between a program producer and a 
roving announcer. 
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621.396.621 : 621.396.619.11  3638 
The Synchrodyne —F. M. Apthorpe, and 

D. G. Tucker. (Elec. Eng., vol. 19, p. 238; July, 
1947.) Comment on 2364 of September. Com-
parison is made with the "Homodyne" (F. M. 
Colebrook, Wireless World and Radio Rev., vol. 
13, pp. 645-648; 1924.) Apthorpe considers dis-
tortion of a signal subject to selective fading by 
reference to vector diagrams and discusses the 
advantages of harmonic synchronization, and 
methods for avoiding the howl when off tune. 
Tucker stresses the essential difference between 
the homodyne and the synchrodyne, pointing 
out that whereas the homodyne gives selectiv-
ity in preference to quality, in the synchrodyne 
selectivity and quality are quite independent 
and both may be excellent. 

621.396.621.001.4:621.396.82  '  3639 
Static for Radio Receiver Tests —J. C. R. 

Licklider and E. B. Newman. (Electronics, 
vol. 20, pp. 98-101; June, 1947.) Apparatus for 
artificial production of "atmospherics." 

621.396/.397.621.004.67  3640 
The Servicing of Radio and Television Re-

ceivers —R. C. G. Williams. (Jour. I.E.E. 
(London), Part I, vol. 94, pp. 156-158; March, 
1947.) Summary of 2224 of August. 

621.396.621.5.029.62  3641 
R.F./ Mixer Design for  V.H.F. — W. J. 

Crawley. (Short Wave Mat., vol. 5, pp. 44-46; 
March, 1947.) Describes the development of a 
circuit for 58 Mc. with two high-gain r.f. stages; 
it uses a low-noise h.f. pentode and split-stator 
tuning capacitors. 

621.396.621.54  3642 
The Inversion of the Autodyne Principle — 

Saic. (See 3472.) 

621.396.622.71  3643 
The Ratio Detector —S. W. Seeley and 

J. Avine. (RCA Rev., vol. 8, pp. 201-236; June, 
1947.) "In this circuit two frequency-sensitive 
voltages are applied to diodes and the sum of 
the rectified voltages held constant. The dif-
ference voltage then constitutes the desired 
a.f. signal. This means of operation makes the 
output insensitive to amplitude variations. 

" . . . The ratio between the primary and 
secondary components of the frequency-sensi-
tive voltages in a phase-shift type of ratio de-
tector is a function of the instantaneous signal 
amplitude. The a.m. rejection properties, how-
ever, are shown to depend upon the mean ratio 
between these voltages. An expression which is 
developed for this ratio in terms of the circuit 
parameters provides the basis for arriving at an 
optimum design. The measurements necessary 
in the design of a ratio detector and in check-
ing its performance are described." 

621.396.812.4.029.62  3644 
Tropospheric Reception —Pickard and Stet-

son. (See 3634.) 

621.396.822:621.396.621  3645 
On the Theory of Noise in Radio Receivers 

with Square Law Detectors —M. Kac and 
A. J. F. Siegert. (Jour. A ppt. Phys., vol. 18, pp. 

i  383-397; April, 1947.) "For the video output IV of a receiver, consisting of an i.f. stage, a 
quadratic detector, and a video amplifier, the 
probability density P(11) has been obtained for 
noise alone and for noise and signal. The results 
are expressed in terms of eigenvalues and eigen-ifunctions of the integral equation 

4  f: K(t)p(s—l)f(t)dt=Xf(s) , 1 where p(r) is the i.f. correlation function (i.e., 
the Fourier transform of the i.f, power spec-
trum) and K(:) is the response function of the 
video amplifier (i.e., the Fourier transform of 
the video amplitude spectrum). Two special 
cases are discussed in which the integral equa-
tion can be solved explicitly. Approximations 

:. for general amplifiers are given in the limiting 

cases of wide and narrow videos." Summary ab-
stracted in 1199 of May. 

621.396.822.029.6: 621.385.2  3646 
A Coaxial-Line Diode Noise Source for 

U.H.F. —Johnson. (See 3722.) 

621.396.828  3647 
A New Noise-Reducing System for C. W. 

Reception —D. L. Hings. (QS T, vol. 31, pp. 21-
23, 134; June, 1947.) Full details of a practical 
circuit for application to the second detector 
and a.f. end of a communicatinos receiver. See 
also 1576 of April and 3649 below. 

621.396.828  3648 
A Method for Preventing Impulse Interfer-

ence with Radio Reception —A. N. Shchukin. 
(Bull. Acad. Sci. (U.R.S.S.), ser. phys., vol. 10, 
no. 1, pp. 49-56; 1946. In Russian.) The re-
ceiver is assumed to consist of a wide-band unit, 
followed by an amplitude limiter which in turn 
is followed by a narrow-band unit. The opera-
tion of the system is considered when one or 
more impulses are received in the presence or 
absence of the desired signal. Formulas are de-
rived determining the ratio of the interference 
voltage at the output of the receiver to the cor-
responding useful signal voltage if there were 
no interference. The interference from another 
radio station operating at a frequency lying 
within the wide but outside the narrow band is 
also considered. 

621.396.828:621.394.141  3649 
Noise-Free Code Reception —D. L. Hings. 

(Electronics, vol. 20, pp. 125-127; June, 1947.) 
A method for discriminating between the time 
constants of signal and noise, allowing c.w. sig-
nals to trigger an at. generator feeding a loud-
speaker. See also 1576 of June and 3647 above. 

STATIONS AND CO M MUNICATION 
SYSTE MS 

621.391.64  3650 
Infrared Communications —M. C. Beese. 

(Tele- Tech, vol. 6, p. 53; May, 1947.) Summary 
of an Institute of Radio Engineers' paper. 

621.394/.3951.7(68.01)  3651 
Communications Network of the Union of 

South Africa —D. P. J. Retief. (Trans. S. Afr. 
I.E.E., vol. 38, part 3, pp. 84-112; March, 
1947.) The development since the introduction 
of voice-frequency amplifiers in 1922 is de-
scribed, with particular reference to recent ex-
pansions. 

621.395.5:621.396.5  3652 
Wire or Wireless? —T. Roddam. (Wireless 

World, vol. 53, pp. 236-238; July, 1947.) Out-
lines the future possibilities of wide-band f.m. 
v.h.f. links for the trunk communications at 
present handled by telephone lines. 

621.396.1  3653 
F.C.C. Makes Allocations for Short-Dis-

tance Communications—(Electronics, vol. 20, 
p. 152; June, 1947.) Brief survey of the alloca-
tion of frequencies in the 152-to-162 Mc. band. 

621.396.24:551.510.535  3654 
Application of the Theories of Indirect 

Propagation to the Calculation of Links Using 
Decametre Waves —R. Aubert. (Bull. Soc. 
Franc. Alec., vol. 7, pp. 265-270; May, 1947.) 
Discussion on 1210 of May. 

621.396.3:621.396.933  3655 
International Commercial Aviation Radio-

teletype Systems —F. V. Long. (Communica-
tions, vol. 27, pp. 24--26 and 43; June, 1947.) 

621.396.41:621.396.619.16  3656 
Multiplex Broadcasting -A. M. Levine. 

(Tele-Tech, vol. 6, p. 55; May, 1947.) Summary 
of an Institute of Radio Engineers' paper. A 
system using time division multiplexing and 
pulse-time modulation for eight programs each 

of bandwidth 9.5 kc., on a single 930-Mc. car-
rier. See also 1213 of May (Grieg and Levine) 
and 3657 below. 

621.396.41:621.396.619.16:621.396.97  3657 
Multiplex Broadcasting —F. Altman and 

J. H. Dyer. (Elec. Eng., vol. 66, pp. 372-380; 
April, 1947.) Multiplex operation and methods 
of modulation are briefly discussed with special 
reference to pulse-time modulation. An 8-chan-
nel system working on 930 Mc. and incorporat-
ing the cyclophon is described. The cyclophon, 
a special cr. tube with rotating electron beam 
which acts as a cyclic switch and modulator or 
demodulator, is discussed in detail. The ad-
vantages of multiplex operation are sum-
marized. See also 239 of February, 1213 of 
May (Grieg and Levine) and 3656 above. 

621.396.41.029.64  3658 
Calculation of Multiplex U.H.F. Radio-Tel-

ephone Links—Chireix. (See 3629.) 

621.396.5  3659 
Experimental Rural Radiotelephony —J. H. 

Moore, P. K. Seyler and S. B. Wright. (Elec. 
Eng., vol. 66, pp. 346-348; April, 1947.) A de-
scription of an experimental radio installation 
on 44 to 50 Mc., worked on the party line sys-
tem, for isolated rural communities having no 
telephone facilities. 

621.396.619.11/.13  3660 
Comparison of Amplitude and Frequency 

Modulation —M. G. Nicholson. (Wireless Eng., 
vol. 24, pp. 197-208; July, 1947.) Comparisons 
of performance have previously been made be-
tween f.m. on 40 to 50 Mc. with a channel 
width of about 200 kc. and a.m. at a signal fre-
quency of 1 Mc. or less with a channel width of 
about 10 kc. The present comparison is made 
under conditions of frequency stability, channel 
width  and  receiver  bandwidth  normally 
realized in the v.h.f. band. 

It is concluded that f.m. is superior to a.m. 
only where fluctuation noise is the limiting fac-
tor. As regards interference, a.m. is superior to 
f.m. even if the selectivity of the a.m. receiver 
is identical with that of the f.m. receiver. A.m. 
has better discrimination against impulse noise, 
is less adversely affected by imperfect tuning 
and is superior to f.m. in "satellite" station op-
eration. See also 3661 below (G. W.O.H.). 

621.396.619.11/.13  3661 
Amplitude and Frequency Modulation — 

G. W.O.H. (Wireless Eng., vol. 24, p. 191; July, 
1947.) Refers to Nicholson's paper (3660 above) 
and stresses that the merits of the two modula-
tion systems must be compared under similar 

conditions. 

621.396.619.13:518.3  3662 
Radiation Chart for F.M. Stations —C. F. 

Guthrie. (Communications, vol. 27, pp. 34-36; 
May, 1947.) For determining the effective ra-
diated power, a parameter required in Ever-
ett's range prediction chart (736 of 1946). 

621.396.931  3663 
V.H.F. Railroad Communications in Tun-

nels - J. P. Shanklin. (Communications, vol. 27, 
pp.  16-19; June, 1947.) Preliminary field 
strength measurements made in a disused water 
tunnel were followed by the erection of a train 
communication system in a railway tunnel 2760 
feet long. 152-to 162-Mc. signals were fed into 
transmission lines in the crown of the tunnel 
from an external rhombic aerial. Reflecting 
wires were placed above the transmission lines 
to reduce signal loss. 

621.396.931  3664 
V.H.F. Radio Equipment Speeds up Rail-

road Operation—L. G. Sands. (Tele-Tech, vol. 
6, pp. 38-41 and 111; May, 1947.) A description 
of modern two-way f.m. equipment used on 
United States railways. 
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621.396.931.029.62  3663 
Mobile F.M. Communications Equipment 

for 30 to 44 Mc—R. B. Hoffman and E. W. 
Markow. (Communications, vol. 27, pp. 28-29 
and 41, and 34-35; June and August, 1947.) 
The transmitter uses a crystal-controlled mas-
ter oscillator, phase-shift variable transcon-
ductance modulation, and 4 frequency-multi-
plying and amplifying stages. The receiving 
selective-calling system uses a two-tube Wien-
bridge oscillator circuit. 

621.396.932  3666 
Radio for Merchant Ships [Book Notice1 — 

H. M. Stationery Office. Is. (Govt. Pub!. (Lon-
don), p. 12; April, 1947.) Performance specifi-
cations. 

621.396.932:1620.178+620.193  3667 
Radio and Radar for Merchant Ships (Book 

Notice)--H.M. Stationery Office, 2d. (Govt. 
Pub!. (London), p. 12; April, 1947.) A per-
formance specification for the climatic and du-
rability testing of marine radio and radar 
equipment. 

SUBSIDIARY APPARATUS 

621.313.2-9  3668 
Sub-Miniature D.C. Motors—(Electrician, 

vol. 138, pp. 1157-1159; May 2, 1947.) For an-
other account see 2943 of October. 

62L314.632:621.315.59  3669 
Contact Potential Difference in Silicon 

Crystal Rectifiers—W. E. Meyerhof. (Phys. 
Rev., vol. 71, pp. 727-735; May 15, 1947.) 
Measurements show no correlation between the 
work function differences and the contact po-
tential difference, which is practically inde-
pendent of the metal used and also of the 
structure of the silicon surface. 

621.314.65+537.525.5  3670 
On the Mechanism of Dielectric Ignition 

and Resistance Ignition in Mercury Arc Recti-
fiers 1Thesitil —N. Warmoltz. (Philips Res. 
Rep., vol. 1, p. 379; November, 1946.) Sum-
mary only. A short survey based on the field 
theory of the low-pressure mercury arc. 

621.316.53.029.5/.6  3671 
A Design of Heavy-Current Contact, Par-

ticularly for Radio-Frequency Use—A. J. Mad-
dock. (Jour. I.E.E. (London), vol. 94, p. 233; 
May, 1947.) Summary of 2249 of August. 

621.318.44  3672 
Toroidal Coils. Improved Winding Machine 

—E. R. Brooke. (Eke. Rev. (London), vol. 141, 
pp. 319-320; August 29, 1947.) Some details of 
a machine for quantity production of toroidal 
coils for transformers and chokes. Two rings 
are threaded on the core, both rings having de-
tachable segments. One ring is channeled to 
carry enough wire for one winding, while the 
driving ring carries a wire feed pulley. The 
method of use for winding an 8-segment coil is 
described. 

621.318.5  3673 
Telephone Relays and Their Use in Elec-

tronic Circuits: Part 2—A. A. Chubb. (Elec-
tronic Eng. (London), vol. 19, pp. 211-213; 
July, 1947.) Various ac. and d.c. circuits for 
operating small telephone relays are given, and 
a complete circuit for remote control of a 1-kw. 
transmitter and its associated receiver is de-
scribed. For part I see 3294 of November. 

621.396.68:621.397.5  3674 
Television High Voltage R.F. Supplies — 

R. S. Mautner and 0. II. Schade. (RCA Rev., 
vol. 8, pp. 43-81; March, 1947.) A detailed con-
sideration of the design of h.v. supply units us-
ing r.f. oscillators and voltage multiplier cir-
cuits. Sample calculations for a 75-w. 90-kv. 
supply and a 10-w. 30-kv. supply are included 
to illustrate the progressive steps in designing 

and calculating the circuit elements and op-
erating conditions for a specified performance. 
For earlier work see 2169 of 1943 (Schade). 

621.396.682  3675 
• A Special-Purpose Power Supply—P. W. 
Howells. (Gen. Elec. Rev., vol. 50, pp. 34-39; 
June, 1947.) A stabilized power pack with out-
put continuously variable between 160 and 
1500v. at 0.125 a. Characteristics include a low-
ripple output voltage and a low output imped-
ance to minimize the possibility of undesired 
coupling between load circuits through the 
power supply. 

TELEVISION AND PHOTOTELEGRAPHY 

621.396/.3971.62:621.3 96.67.029.62  3676 
Aerials for Ultra-Short Waves: Part 1—A 

Double Dipole for Television and F.M. — 
Maurice. (See 3433.) 

621.396/.3971.621.004.67  3677 
The Servicing of Radio and Television Re-

ceivers—R. C. G. Williams. (Jour. I.E.E. (Lon-
don), vol. 94, pp. 156-158; March, 1947.) Sum-
mary of 2224 of August. 

621.397.2  3678 
Developments in Picture Transmission — 

J. J. E. Aspin. (Jour. I.E.E. (London), vol. 94, 
p. 134; March, 1947.) Abstract of chairman's 
address to the South Midland Radio Group. An 
historical survey. 

621.397.335  3679 
New Titchniques in Synchronizing-Signal 

Generators—Schoenfeld, Brown, and Milwitt. 
(See 3489.) 

621.397.5:621.396.619.083  3680 
A Method of Measuring the Degree of 

Modulation of a Television Signal —Buzalski. 
(See 3593). 

62L397.5:621.396.68  3681 
Television High Voltage R.F. Supplies - 

Mautner and Schade. (See 3674.) 

621.397.6  3682 
Portable Camera Chain for Field Use — 

L. Mautner. (Tele-Tech, vol. 6, pp. 26-31, 109; 
May, 1947.) Wartime developments have per-
mitted redesign of portable television cameras 
and associated control equipment for outside 
broadcase use. An image-orthicon type of pick-
up tube was chosen because of the wide range 
of sensitivity required and lack of shading avail-
able. A block diagram of a four-camera control 
system, and some circuit and construction de-
tails of camera-blanking methods, cable-delay 
compensation, and a camera control and moni-
tor system are given. 

621.397.6.001.8  3683 
Simplified Television for Industry —R. E. 

Barrett and M. M. Goodman. (Electronics, vol. 
20, pp. 120-124; June, 1947.) Complete circuit 
details for a 250-line 60-frame television system 
in which a new iconoscope simplifies the circuit 
and permits reproduction comparable to news-
paper half-tones. 

621.397.61  3684 
The Paris Television Transmitting Centre 

—H. Delapy. (Jour. Telev. Soc., vol. 4, f3p. 307-
313; December, 1946.) Translation of a French 
article abstracted in 1606 of June. 

621.397.61-182.3  3685 
Television O.B. (Outside Broadcast) Vehi-

cle—( Wireless World, vol. 53, p. 241; July, 
1947.) A 660-Mc. transmitter complete with 
iconoscope cameras is housed in a car and ob-
tains power from a 3.5-kw. generator driven 
from the vehicle engine. The sound channel is 
conveyed by width-modulated pulses inserted 
in the line synchronization pulses and the 50-w. 
output is fed to a beamed horizontal dipole at 
the top of a 40-ft. telescopic mast. 

621.397.62  3611 
Television Receivers In Mau Production 

D.G.F. (Electronics, vol. 20, pp. 86-91; Junel 
1947.) Design features of the RCA Victo 
postwar seven-inch, ten-inch, and projection 
models. Summary of an Institute of Radio En. 
gineer's paper by A. Wright and E. Clark. 

621.397.62  368 
Television Receiver Construction: Part 

(Wireless World, vol. 53, pp. 251-257; July, 
1947.) Line time-base and high-voltage suppl 
for the c.r.t. For earlier parts see 2595 of 
tember and back references. 

621.397.62  3 
Television Receivers —A. Wright. (RCA 

Rev., vol.  pp. 5-28; March, 1947.) A detail 
survey of RCA direct viewing and projecti 
type receivers with photographs and circuit 
diagrams. General circuit principles are consid-
ered. The r.f. tuner uses push-pull neutrali 
triode amplification, a push-pull triode fr 
quency changer and switched coil tuning. T 
i.f. amplifier has staggered tuned circuits with 
rejection circuits tuned to adjacent channels. 
An unusual circuit for line synchronization, 
which is immune from interference, uses a eta 
ble sinusoidal oscillator whose phase is con-
trolled by the line synchronization pulses. The 
magnetically focused cathode-ray tube has an 
ion trap to prevent ion bombardment of the 
screen from causing discoloration. 

621.397.62  3689 
Television Receiving Equipment (Book Re-

viewi —W. T. Cocking. Iliffe and Sons, London, 
2nd edn., 1947. 339 pp., 12s. 6d. (Paoc. 1.R.E., 
vol. 35, p. 706; July, 1947.) For another review 
see 2966 of October. 

TRANSMISSION 
621.317.76  3690 
W WV —.World Standard Frequency Gener-

ator—(Tele-Tech, vol. 6, pp. 42-43; May, 
1947.) Photographs of some of the equipment 
used in the standard frequency transmissions. 

621:391.63:621.325.53  3691 
The Concentrated-Arc Lamp as a Source 

of Modulated Radiation —W. D. Buckingham 
and C. R. Deibert. (Jour. Soc. Mot. Pic. Eng., 
vol. 48, pp. 324-340; April, 1947.) Discussion, 
pp. 340-342.) A lamp using as radiation source 
a thin layer of molten zirconium maintained as 
an incandescent pool by intense argon ion 
bombardment. The radiation can be modulated 
at a.f. by modulattng the lamp current. The 
use of suitable modulator circuits, with optical 
filters to select the best spectral region, enables 
the output to follow the current modulation 
with good fidelity. 

621.396.1 3692 
Types of Emission —(R.S.G.B. Bull., vol. 

22, p. 124; February, 1947.) Recommendations 
accepted by the G.P.O. for the bands allotted 
to British amateurs are: 1.75, 3.5, 7, and 14 
Mc.; c.w., a.m., 28 and 58.5 Mc.; c.w., m.c.w., 
a.m., f.m., 2300 to 2450 Mc.; any type of emis-
sion, including television but excluding pulse 
transmission. 

621.396.61  3693 
The Radio Mike —J. L. Hathaway and 

R. Kennedy. (RCA Rev., vol. 8, pp. 251-258; 
June, 1947.) A smaller, lighter, and more ef-
ficient transmitter to replace the N.B.C. 
"beermug." The design, uses, and tests applied 
are described. 

621.396.61:621.396.712  3694 
Placing a 3-K W. F.M. Broadcast Transmit-

ter in Operation—R. G. Soule, Jr. (Communi-
cations, vol. 27, pp. 16-18,46; May, 1947.) .Pre-
liminary tests of the area were made with a 50-
w. unit which is described. The transmitter it-
self has a four-bay circular aerial and provides 
8.5 kw, radiated power. 
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621.396.61.029.62  3695 
A Low-Cost 2- Meter Transmitter —E. P. 

Tilton. (QST, vol. 31, pp. 26-29, 122; April, 
1947.) Circuit and constructional details of a 
stabilized modulated oscillator with an output 
of about 3.5 w. 

621.396.61.029.62  3696 
BC-625 on 144 Mc/s. —L. W. May, Jr. (Ra-

dio Craft, vol. 18, pp. 35-36, 75; April, 1947.) 
Complete circuit details of the modifications 
necessary to convert the transmitter of the 
Army SCR-522 set for amateur use. 

621.396.611.21:621.316.726.078.3:621.396.712 
3697 

Improvements in Synchronisation of B.B.C. 
Transmitters: 1938-1946 — W. E. C. Varley. 
(B.B.C. Quart., vol. 2, pp. 51-58; April, 1947.) 
A review of the development of frequency con-
trol of broadcasting transmitters from the pre-
1938 tuning fork drive to the present crystal 
drive. The performance of various crytal-con-
trolled oscillators is given and the technique of 
frequency comparison described with circuit 
details. 

621.396.615.141.2  3698 
Modulated  Magnetrons —L.  P.  Smith, 

J. Kurshan, and J. S. Donal. ( Tele- Tech, vol. 6, 
p. 57; May, 1947.) Summary of an Institute of 
Radio Engineers' paper. Picture or audio sig-
nals control the electron guns and cause the 
magnetron to generate a f.m. wave without a.m. 
Under the influence of a static magnetic field 
and a r.f. electric field, an electron beam follows 
a spiral path within the cavity and applies f.m. 
to the natural resonant frequency of the magne-
tron. For general discussion of this technique 
and two specific applications, see 3699, 3730, 
and 3731 below. 

621.396.615.141.2:621.316.726  3699 
Frequency  Modulation and Control by 

Electron Beams —L. P. Smith and C. I. Shul-
man. (Puoc. I.R.E., vol. 35, pp. 644-657; July, 
1947.) General formulas for the effect of elec-
tron beams on resonant systems in terms of fre-
quency shift and change in Q are derived both 
from the point of view of lumped circuits and 
also from a general electromagnetic field stand-
point. Check measurements of the frequency 
shift produced by such a beam in a multivane 
magnetron are described. It is shown that this 
method of frequency control is ideal for fre-
quency modulation or automatic frequency 
stabilization of magnetrons and that for the 
former purpose the amplitude and phase dis-
tortions are negligible. 

621.396.619.11/.13  3700 
Generalized Theory of Multitone Ampli-

tude and Frequency Modulation —L. J. Giaco-
letto. (Puoc. I.R.E., vol. 35, pp. 680-693; July, 
1947.) The frequency spectra produced by sin-
gle-tone, two-tone, and multitone modulating 
signals in the case of a.m., f.m., and combined 
a.m. and f.m. are studied. Computations of the 
frequency spectra for typical cases are made 
and compared with actual spectra obtained by 
means of a spectrum analyzer. 

621.396.619.11  3701 
Overmodulation  Splatter  Suppression -

0. G. Villard, Jr. (QST, vol. 31, pp. 13-20; 
June, 1947.) A method of filling in the over-
modulation gaps in the carrier and so prevent-
ing the generation of spurious sidebands. 

621.396.619.15:621.396.3  3702 
Relative Amplitude of Side Frequencies in 

On-Off and Frequency-Shift Telegraph Keying 
— G. S. Wickizer. (RCA Rev., vol. 8, pp. 158-
168; March, 1947.) Measurements and calcu-
lations on the frequency spread of the side-
bands indicate that frequency-shift keying re-
quires less bandwidth than on-off keying as the 
characters may be shaped by a low-pass filter. 

621.396.619.23  3703 
A 40- Watt  Modulator  with  Cathode-

Coupled Driver — W. J. Lattin. (QST, vol. 31, 
pp. 42-44; April, 1947.) Circuit details of a unit 
with built-in power supply and four stages ter-
minating in a 6L6G push-pull class AB2 output 
stage. 

621.396.645  3704 
Design of Linear Amplifiers for Single Side 

Band Transmitters —E. Green. (Marconi Rev., 
vol. 10,.pp. 11-16; January and March, 1947.) 
Distortion of a modulated carrier in a transmit-
ter due to varying input impedance of the 
power amplifier is avoided by using screen grid 
driving tubes with an impedance transforming 
network. 

621.396.65.029.63  3705 
An Experimental Transmitter for Ultra-

Short- Wave Radio-Telephony with Frequency 
Modulation —A. van Weel. (Philips Tech. Rev., 
vol. 8, pp. 121-128; April, 1946.) For another 
account see 2606 of September. 

VACUU M TUBES AND THER MIONICS 

621.314.6.032.212  3706 
A Cold Cathode Rectifier — W. H. Bennett. 

(Jour. App!. Phys., vol. 18, pp. 479-482; 
May, 1947.) Corona discharge is used at atmos-
pheric and higher pressures in H and N free from 
electron-attaching impurities. Such rectifiers 
have definite advantages where current require-
ments are small. 

621.314.67  3707 
Determination of Current and Dissipation 

Values for High-Vacuum Rectifier Tubes — 
A. P. Kauzmann. (RCA Rev., vol. 8, pp. 82-97; 
March,  1947.)  "Rectifier data are shown 
graphically with generalized parameters from 
which it is possible to determine the peak 
steady-state current, the maximum possible 
hot-switching current, and the dissipations in 
the diode and in any added series resistors. The 
paper covers capacitive-input filters with large 
capacitors, and includes half-wave, full-wave, 
and voltage-doubler circuits. A table of operat-
ing conditions and efficiency for a group of typi-

cal rectifiers is included." 

621.314.671: 621.386.1: 616-073.75  3708 
High-Voltage Rectifier Valves for X-Ray 

Diagnostics —J. H. van der Tuuk. (Philips 
Tech. Rev., vol. 8, pp. 199-205; July, 1946.) 
Relative merits of gas-filled and vacuum tubes, 
and construction of new vacuum tubes with 
thoriated tungsten cathodes. 

621.383.4:535.215  3709 
Lead Sulphide Photoconductive Cells — 

L. Sosnowski, J. Starkiewicz, and 0. Simpson. 
( Nature (London), vol. 159, pp. 818-819; June 
14, 1947.) The method of production, devel-
oped at the Admiralty Research Laboratory, 
is described in detail. Maximum sensitivity is 
assured when both lead and oxygen impurity 
centers are present in sufficient quantity and 
with relative concentration such that minimum 
conductivity and zero thermoelectric power are 
obtained. Theory is presented which is in gen-
eral quantitative agreement with experiment as 
regards sensitivity, rectifying effect, and time 
of response. 

621.383.5  3710 
Fatigue in Selenium Barrier Layer Photo-

cells —R. A. Houstoun. (Phil. Mag., vol. 37, pp. 
13-17; January, 1946.) See also 3433 of 1941. 

621.385+621.396.694  3711 
Tube Registry —(Electronics, vol. 20, pp. 

244, 247; June, 1947.) Characteristics of icono-
scope Type 5527, triode power amplifiers and 
oscillators (Types 195 and 196) and c.r. tube, 
Type 3M PI. See also 2976 of October and 2288 
of August. 

621.385:518.5  3712 
Electrostatic  Storage —J.  Rajachman. 

(Tele-Tech, vol. 6, p. 61; May, 1947.) Summary 
of an Institute of Radio Engineers' paper. De-
scribes a vacuum-tube "memory" for electronic 
computers. A multicellular anode stores up to 
4096 impulses separately. Storing time is indefi-
nite and reading follows the reading call by only 
a few microseconds and can be repeated indefi-
nitely. 

621.385: 537.533.8  3713 
Transit-Angle Suppression in Microwave 

Tubes —J. H. Owen Harries. (Electronics, vol. 
20, pp. 132-134; June, 1947.) Details of re-
search into the control of the phase of the 
u.h.f. field near copper-target anodes, for the 
suppression of secondary emission. A trans-
verse modulated electron beam was passed 
through the aperture in a subanode, then tra-
versed a distance d to the surface of the target 
anode. A resonant cavity in the output circuit 
was tuned to the modulation frequency f and 
power transfer was recorded by a diode. The 
transit angle 4= 103cIT/X Vbi, where VI, is the 
target and subanode voltage and X is the wave-
length corresponding to f, was varied by alter-
ing d and/or Vb. Tests were carried out for X 
40 cm. Three types of copper target were used: 
(a) polished, (b) roughened and carbonized, and 
(e) slotted and carbonized. Plots of  versus 
power-output efficiency show the slotted tar-
gets to be the most efficient, with values com-
parable with theory for 4> 0.3r. The theory of 
suppression is illustrated by graphs in which 
the target and subanode currents are plotted 
against cot for values of 4 from w/6 to a-. 

621.385.029.63/.641 + 621.396.615.14  3714 
On Some Modern Constructions and Some 

Recent Designs of Ultra-Short- Wave Receiv-
ing and Transmitting Valves —R. Warnecke. 
(Bull. Soc. Franc. Elec., vol. 7, pp. 81-94; Feb-
ruary, 1947.) Technical details obtained by the 
author, during visits to Britain and the United 
States, of the resnatron, klystrons, and other 
high-power velocity-modulation  tubes, and 
traveling-wave tubes. The prionotron designed 

by the author is also described. 

621.385.029.63/.64  3715 
Helical- Wave Properties—C. C. Cutler. 

(Tele-Tech, vol. 6, p. 56; May, 1947.) Summary 
of an Institute of Radio Engineers' paper. 
Probe measurements in a traveling-wave tube 
show that the longitudinal field component 
along the axis is greater than that predicted by 

theory. 

(621.385.029.63/.64:621.392 + 537.2911  3716 
On the Theory of Progressive- Wave Ampli-

fiers —Blanc-Lapierre Lapostolle, Voge, and 
Wallauschek. (See 3421.) 

621.385.1 +621.396.694  3717 
A New Range of Glass-Based Valves— 

(Electronic Eng., vol. 19, p. 231; July, 1947.) 
Type numbers and brief descriptions are given 
of the new spigotless miniature tubes with B8A 
base. The heater current in the a.c./d.c. range 
is 0.1-ampere and the bulb size approximately 
20 mm. An a.c. range with the B8A base and 
6.3-volts heaters is also to be introduced, to-
gether with a high-gain screened h.f. pentode 
and a triode especially designed for television 
reception. Location of these tubes in their hold-
ers is effected by a small boss on the side of the 
base. 

621.385.1+ 621.396.6941: 389.6  3718 
B8A Valve Base —(Electronic Eng., vol. 19, 

p. 235; July, 1947.) For details of the base, see 
957 and 980 of April. A spigotless version is 
here announced, the ultimate aim being to 
standardize a range of tubes to fit both bases. 

621.385.1  3719 
The Control of the Current Distribution in 

Electron Tubes--J. L. H. Jonker. (Philips 
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Res. Rep., vol. 1, pp. 331-338; November, 1946. 
Characteristics for control by a negative grid 
are calculated and shown to agree with experi-
ment. 

621.385.1  3720 
Miniature Tubes in War and Peace —N. H. 

Green. (RCA Rev., vol. 8, pp. 331-341; June, 
1947.) " . . . describes the design features which 
account for the versatility and lower cost of the 
miniature tube, and cites several varied appli-
cations of miniatures in both military and com-
mercial equipment. A table showing typical 
present-day applications for miniature tubes is 
included." 

621.385.1:621.396.694.012.8  3721 
Valve Equivalent Circuit —A. W. Keen: 

B. Salzberg. (Wireless Eng., vol. 24, pp. 217-
218; July, 1947.) The use of "equivalent" cir-
cuits with a voltage or a current generator is 
optional and a matter of convenience for ex-
ternal performance, but in general neither gives 
the correct value of internal power dissipation. 
See also 2622 of September (Salzberg) and back 
references. 

621.385.2:621.396.822.029.6  3722 
A Coaxial-Line Diode Noise Source for 

U.H.F. —H. Johnson. (RCA Rev., vol. 8, pp. 
169-185; March, 1947.) The diode has a single-
turn helical filament coaxial with and connected 
to the inner conductor, the outer conductor be-
ing the anode. The tube is connected on one side 
to a lossy line to give the correct impedance 
load and on the other side to the 50-ohm input 
line of the receiver under test. A diode current 
of 100 milliamperes may be obtained corre-
sponding to a noise factor of 20 db. The effect 
of the filament capacitance in producing stand-
ing-wave errors is ,considered and the transit-
time loss is calculated and is shown to be about 
3 db at 3000 Mc. A comparison with signal gen-
erator measurements at 750 and 1500 Mc. gave 
a maximum discrepancy of 0.4 db. 

621.385.2.032.216  3723 
Effect of the Saturation Current on the 

Space-Charge Current in Valves Using Oxide 
Cathodes —R. Champebc. (Comp!. Rend. Acad. 
Sci. (Paris), vol. 224, pp. 1626-1628; June 9, 
1947.) In a diode with oxide cathode the space-
charge current may increase, remain unchanged 
or sometimes even decrease when the satura-
tion current increases. These anomalous results 
are explained. 

621.385.3/.5:621.317.336.1  3724 
The Measurement of Dynamic Mutual 

Conductance of Valves Using the Grounded-
Grid Triode Mode of Operation —Gutmann. 
(See 3576.) 

621.385.4.029.63  3725 
Tetrodes vs. Triodes — W. G. Wagener. 

(Tele-Tech, vol. 6, p. 54; May, 1947.) Summary 
of an Institute of Radio Engineers' paper. Neu-
tralized tetrodes offer higher gain and greater 
circuit stability than neutralized triodes in the 
region of 500 Mc. 

621.385.831:621.317.382  3726 
Power Measurement of Class B Audio Am-

plifier Tubes —Heacock. (See 3578.) 

621.396.615.14  3727 
The Excitation of Resonant Circuits by 

Electron Currents in the Transit-Time Domain 
— Gundlach. (See 3468.) 

621.396.615.141.2.032.21  3728 
Coaxial Tantalum Cylinder Cathode for 

Continuous- Wave Magnetrons —R. L. Jepsen. 
(RCA Rev., vol. 8, pp. 301-311; June, 1947.) 
The use of a cathode with a tungsten inner and 
tantalum outer conductor eliminates many of 
the drawbacks of normal cathodes. 

621.396.615.141.2  3729 
On Electron Oscillations in a Magnetron — 

V. I. Kalinin and I. I. Wassermann. (Bull. 

Acad. Sci. (U.R.S.S.), gr. phys., vol. 10, no. 
1, pp. 103-110; 1946. In Russian.) The elec-
tron oscillations in a split-anode magnetron 
are studied from the standpoint of spatial ir-
regularities in the electron beam. The oscilla-
tions of the first order, which appear in all mag-
netrons under conditions close to the critical 
regime, are due to a certain radial irregularity. 
These conditions can be reduced to a system 
with a retarding field. In considering oscilla-
tions in a split-anode magnetron a conception 
of a tangential irregularity which takes place 
in the "ring current" in close proximity to the 
anode, is introduced and the frequency of the 
oscillations determined. Results of experiments 
with multisegment (from 4 to 20 segments) 
magnetrons are in satisfactory agreement with 
the theoretical conclusions. For "ring current" 
see 64 of 1937 (Moller). 

621.396.615.141.2  3730 
A Frequency-Modulated Magnetron for 

Super-High  Frequencies —G.  R.  Kilgore, 
C. I. Shulman, and J. Karelian. (Paoc. I.R.E., 
vol. 35, pp. 657-664; July, 1947.) The develop-
ment of a 25-watt 4000-Mc. c.w. magnetron 
capable of a frequency deviation of 2.5 Mc. 
without a.m. is described. F.m. is accomplished 
by the introduction of electron beams in two 
of the twelve cavities (see 3699 above). Design 
details and performance data are given. 

621.396.615.141.2  3731 
A 1-Kilowatt Frequency-Modulated Mag-

netron for 900 Megacycles —J. S. Donal, Jr., 
R. R. Bush,.C. L. Cuccia, and H. R. Hegbar. 
(Pa m. I.R.E., vol. 35, pp. 664-669; July, 
1947.) The design and performance of the 
magnetron are described. F.m. is accomplished 
by the introduction of electron beams in nine 
of the twelve cavities (see 3699 above) and a 
deviation of 3.5 Mc. is obtained. 

621.396.615.141.2:513.732.4  3732 
A Flux Plotting Method for Obtaining 

Fields Satisfying Maxwell's Equations, with 
Applications to the Magnetron —Crout. (See 
3560.) 

621.396.615.141.2:537.533.8  3733 
The Secondary Emission in Magnetron 

Oscillators —S. Va. Braude and I. E. Ostrovski. 
(Bull. Acad. Sci. (U.R.S.S.), Mr. phys., vol. 10, 
no. 1, pp. 65-73; 1946. In Russian.) It has been 
observed that under certain conditions the 
anode current of a magnetron with grid control 
can be from 5 to 7 times the normal. A detailed 
investigation, both theoretical and experi-
mental, shows that this phenomenon is due 
not to the ionization of the residual gases in 
the magnetron, as was supposed by some in-
vestigators, but to secondary emission from the 
grid of electrons traveling in the grid-anode 
space. It is also shown that the grid secondary 
emission can be greatly increased if oscillating 
potentials are present in the magnetron. 

621.396.615.141.2:621.316.726  3734 
Frequency Modulation and Control by 

Electron Beams —Smith and Shulman. (See 
3699.) 

621.396.615.141.2 : 621.365.92  3735 
A Magnetron  Oscillator for Dielectric 

Heating —R. B. Nelson. (Jour. A ppl. Phys., 
vol. 18, pp. 356-361; April, 1947.) Design and 
performance of a magnetron having 5 kw. 
continuous output at 1050 Mc. 

621.396.615.141.2:621.396.933.2  3736 
Stabilized Magnetron for Beacon Service: 

Part 1—Development of Unstabilized Tube — 
J. S. Donal, Jr., C. L. Cuccia, and B. B. Brown. 
(RCA Rev., vol. 8, pp. 352-361; June, 1947.) 
The design of the tube is unconventional 
inasmuch as all the parts are supported on a 
header to which the envelope is welded. The 
inserts in the magnetic circuit are at cathode 
potential. The tube is designed for a pulsed 

input power of 2.5 kw. The unstabilized peak 
output is approximately 1 kw. at 2500 volts 
anode potential and a frequency of 9310 Mc. 

621.3 96.615.141.2:621.396.933.2  3737 
Stabilized Magnetron for Beacon Service: 

Part 2—Engineering of Tube and Stabilizer— 
C. P. Vogel and W. J. Dodds. (RCA Rev., vol. 
8, pp. 361-372; June, 1947.) The frequency-
stabilization device includes an invar tunable 
cavity using a plunger supported by a spindle 
of higher-expansion steel and Is filled with dry 
nitrogen. The wave-guide coupling to the load 
contains adjustable screw tuners. The stabiliza-
tion process consists in the proper adjustment 
of these screws. The stability is improved by a 
factor of 10. For part 1 see 3736 above. 

621.396.615.142  3738 
The Principles of a General Theory of the 

Generation of Electron Oscillations at Ultra-
High Frequencies —Kalinin. (See 3470.) 

621.396.615.142.2  3739 
The Theory of a Single-Circuit Kiystron — 

L. N. Loshakov and S. D. Gvozdover. (Bull. 
Acad. Sci. (U.R.S.S.) sec% phys., vol. 10, no. 1, 
pp. 79-86; 1946. In Russian.) In a reflex 
klystron the buncher and collector voltages 
coincide, with the result that its efficiency is 
lower than that of a klystron using two 
coupled resonators. To simplify the construc-
tion of the latter type, a klystron using a single 
resonator but with separate buncher and col-
lector voltages is proposed (Fig. 1). An approxi-
mate theory of this klystron is given together 
with some preliminary experimental results. 

621.396.615.142.2  3740 
The Self-Excitation of a Reflex Klystron — 

S. D. Gvozdover. (Bull. Acad. Sci. (U.R.S.S.) 
ser. phys., vol. 10, no. I, pp. 75-78; 1946. In 
Russian.) The theory of the reflex klystron is 
discussed and the condition (5) necessary for 
self-excitation is established for the case when 
the potential of the reflecting electrode is equal 
to that of the cathode. Equation (6) determin-
ing the frequency of self-oscillations is also 
obtained. 

621.396.615.142.2:621.396.645.029.64  3741 
On U.H.F. Amplification and on the Re-

sonance Method for Suppressing Noise in a 
Klystron —Katsman. (See 3481.) 

MISCELLANEOUS 

061.6"1947"I.R.E.: 621.396  3742 
I.R.E. Reveals -Engineering Advances — 

(Tele-Tech., vol. 6, pp. 52-61; May, 1947.) A 
Report of the 1947 Institute of Radio Engi-
neers National Convention, with abstracts of 
43 of the 125 technical addresses presented. 
For abstracts of selected individual papers, see 
other sections. 

061.6(73)  3743 
Science Advancing —The Future of Test-

ing —E. U. Condon. (AST M Bull., no. 146, 
pp. 53-58; May, 1947.) A review of some of the 
wartime activities of the National Bureau of 
Standards and brief discussion of future de-
velopments. 

621.3  3744 
British Industries Fair —(Elect. Rev., (Lon-

don), vol. 140, pp. 697-721; May 2, 1947.) A 
guide to the electrical exhibits at Castle 
Bromwich, Birmingham, and Olympia and 
Earls Court, London. 

621.38/.39+539.17  3745 
Nucleonics and Electronics —K. Henney. 

(Electronics, vol. 20, pp. 80-81; June, 1947.) 
Nucleonics, a generic name for atomic energy 
and related subjects and intimately related to 
electronics. 

621 .385.1 +621.396.6941:389.6  3746 
B8A Valve Base —(See 3718.) 
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Broadcasting: 2963 
Program Transmission Standards: 2963 

Distortion: 2897 
Intermodulation: 2897 
Disk Recording: 2897 

hearing: 2855 
Indicators: 2847 
Electronic: 2847 

Intelligibility: 2855 
Intermodulation Distortion: 2897 
Analysis: 2897 

Loudspeakers: 2866 
Ratings: 2866 

Measurements: 2847 
Indicators: 2847 

Microphones: 2866 
Ratings: 2866 

Noise Pickup: 2855 
Orthotelephonic Gain: 2855 
Oscillators: 2870 
Frequency Modulated: 2870 
Resistance-Capacitance: 2870 
Frequency Modulated: 2870 

Resistance-Tuned: 2870 
Peak-Limiting Amplifiers: 2931 
Dynamic Performance: 2931 

Recording: 2966, 2967 
Magnetic: 2967 
Heads: 2967 
Field Measurements: 2967 

Vacuum-Tube Transducer: 2966 
Sound Systems: 2866 
Ratings: 2866 

Speech Communication Systems: 2855 
Design: 2855 

Speech Spectra: 2855 



Automatic Frequency Control: 2769, 2827, 
2940 

Servomechanical: 2827 
Stabilized Oscillator: 2940 

"Balun": 2898 
Bolometer: 2791 
"Box-Car" Lengtheners: 2880 
Broadcasting: 2777, 2931, 2963, 2964 
Antennas: 2964 
"Cloverleaf": 2964 

Frequency Modulation: 2964 
Antennas: 2964 
"Cloverleaf": 2964 

Peak-Limiting Amplifiers: 2931 
Dynamic Performance: 2931 

Program Transmission Standards: 2963 

Calorimeter: 2848 
Microwave: 2848 
Coaxial Load: 2848 

Camera: 2962 
Television: 2962 
Field Pickup: 2962 

Canada: 2749 
Radar Development: 2749 

Canadian Council, I.R.E., 2727, 2810, 2860 
Report of Education Committee, Mon-

treal: 2727, 2860 
Report on Professional Standing: 2727 

Cathode Followers: 2760, 2797, 2872 
Amplifiers: 2797 
Conductance: 2797 
Graphical Analysis: 2872 
Input Admittance: 2797 
Susceptance: 2797 

Degenerative: 2760 
Graphical Analysis: 2760 ---

Cathode-Ray Tubes: 2764, 2777, 2847 
Indicators: 2847 
Audio Frequency: 2847 

Cavity Resonators: 2771, 2777, 2783, 2849, 
2921 

Analysis: 2771, 2783 
Circle Diagrams: 2771, 2783 
Design Charts: 2849 
Filter Elements: 2921 
Measurements: 2771, 2783 

Circle Diagrams: 2771, 2783, 2824 
Impedance Plotting: 2824 

Circuit Analysis: 2729, 2739, 2740, 2741, 
2753, 2761, 2763, 2766, 2771, 2777, 
2783, 2802, 2824, 2830, 2849, 2857, 
2872, 2898, 2890, 2910, 2918, 2919, 
2920, 2921, 2951, 2952 

Amplifiers: 2729, 2766, 2802, 2872, 2952 
Balanced: 2766 
Band-Pass: 2802 
Double-Tuned: 2802 
Triple-Tuned: 2802 

Capacitance-Coupled: 2729 
Wide-Band: 2729 

Cathode-Denegerated: 2872 
Cathode-Follower: 2872 
Double-Tuned: 2802 
Feedback: 2952 
Inverse Nyquist Diagram: 2952 

Impedance:Coupled: 2766 
Push-Pull: 2766 
Triple-Tuned: 2802 

Cathode-Degenerated Amplifiers: 2872 
Cathode-Follower Amplifiers: 2872 
Cavity Resonators: 2849 
Design Charts: 2849 

Circle Diagrams: 2771, 2783, 2824 
Coaxial Lines: 2857, 2888, 2922, 2951 
Phase Discontinuities: 2951 
Short Circuits: 2857, 2888, 2922 

Circuit Analysis (Cont'd.)  • 
Noncontacting: 2857, 2888, 2922 
Broadband: 2857, 2888, 2922 

Crystal Circuits: 2763 
Directional Couplers: 2919 
Distributed-Constant Circuits: 2910 
Transient Behavior: 2916 

Filters: 2921 
Microwave: 2921 
Quarter-Wave Coupled: 2921 

Hybrid Circuits: 2918 
"Ideal Filter": 2740 
Impedance Plotting: 2824 
Circle Diagrams: 2824 

Inverse Nyquist Diagram: 2952 
Feedback Analysis: 2952 
Servomechanism Analysis: 2952 

Microwave Resonant Systems: 2771, 2783 
n-Meshed Tuned Circuits: 2763 
Nyquist Diagram: 2952 
Feedback Analysis: 2952 
Servomechanism Studies: 2952 

Pass Band: 2740 
Phase Discontinuities: 2951 
Coaxial Lines: 2951 

Q Circle: 2771, 2783, 2824 
Rectifiers: 2753 
Resonant Cavities: 2849 
Design Charts: 2849 

Resonators: 2890 
Equivalent Circuit: 2890 

Servomechanisms: 2741, 2952 
Inverse Nyquist Diagram: 2952 

Short Circuits: 2857, 2922 
Noncontacting: 2857, 2922 
Broad-Band: 2857, 2922 

Step Response: 2740 
Transducers: 2890 
Resonators. 2890 

Transformer Cores: 2761 
Noise Loss: 2761 

Transition Time: 2741 
Transformers: 2898 
Balanced-to-Unbalanced Line: 2898 

Transient Behavior: 2910 
Virtual Displacements: 2910 

Transmission Lines; 2898, 2890 
Matching Transformers: 2898, 2890 
"Balun": 2898 
Balanced-to-Unbalanced Line: 2898 

Virtual Displacements: 2910 
Transient Behavior: 2910 

Wave Guide: 2830, 2918 
Corner Bend: 2920 
Equivalent Circuit: 2920 

Hybrid Circuits: 2918 
Rectangular: 2830 
Ridge: 2830 

"Cloverleaf" Antenna: 2964 
Coaxial Cable: 2934 
Networks: 2934 

Coaxial Lines: 2759, 2848, 2857, 2918, 2951 
Calorimeter Wattmeter: 2848 
Ultra-High Frequency: 2848 

Hybrid Circuits: 2918 
Junctions: 2759 
To Wave Guide: 2759 
Broad-Band: 2759 

Noncontacting Short Circuits: 2857, 2922 
Broad-Band: 2857, 2922 

Phase Discontinuities: 2951 
Coils: 2834, 2883, 2965 
Inductance Calculation: 2834 
Nomogram: 2834 

Iron-Core: 2883 
High-Frequency Excitation: 2883 
Losses: 2883 

Winding: 2965 
Universal: 2965 
Ordinary: 2965 

Coils (Cont'd.) 
Progressive: 2965 

Collective Bargaining: 2726 
Communication: 2777, 2821, 2934 
Coaxial-Cable Networks: 2934 
Radio: 2777 
Submarine: 2821 

Commutation-Method Multiplex: 2903 
Commutator, Electronic: 2912 
Cyclophon • 2912 

Computers: 2777, 2826, 2937 
Electronic: 2777, 2826 
Circuits: 2826 

Magnetic Amplifiers: 2937 
Conductance: 2797 
Cathode-Follower Amplifiers: 2797 

Cone Antennas: 2823 
Constitution: 2809 
Amendments: 2809 

Conversion Gain: 2719 
Noise Measurement: 2719 

Converters, Frequency: 2769, 2902 
Crystal: 2769 
Microwave: 2902 
Point-Contact: 2902 
Silicon: 2902 

Co-planar Tubes: 2764 
Copper-Oxide Rectifiers: 2753 
Corner Bend: 2920 
Wave Guide: 2920 
Equivalent Circuit: 2920 

Counters: 2826, 2912 
Cyclophon: 2912 

Crystal Circuits: 2763 
Predimensioning: 2763 

Crystals: 2759, 2719, 2758, 2764, 2777, 2831, 
2874, 2902 

Low-Coefficient: 2874 
Synthetic: 2874 

Noise: 2719, 2758, 2759 
Piezoelectric: 2777, 2831, 2874 
Artificial Twinning: 2831 
EDT: 2874 
DKT: 2874 
Filter: 2874 
Oscillator Control: 2874 
Synthetic: 2874 

Silicon: 2902 
Point-Contact Rectifier: 2902 

Synthetic: 2874 
Low-Coefficient: 2874 

Rectifiers: 2764 
Cyclophon: 2912 
Cyclotron-Frequency Magnetron: 2795 
Cylindrical Antenna: 2823 

Dauphine Twinning: 2831 
Delay Lines: 2968 
Detectability: 2907 
Radar Targets: 2907 

Dichroic Mirrors: 2852 
Differential Analyzers: 2777 
Differentiating Transformers: 2878 
Differentiator: 2937 
Magnetic Amplifier: 2937 

Dimensional Analysis: 2938 
Electromagnetic Quantities: 2938 

Directional Couplers: 2739, 2919 
Theory: 2919 

Discriminability: 2907 
Radar Targets: 2907 

Disk Recording (See "Recording") 
Disk-Seal Tube: 2781, 2911, 2936 
Amplifier: 2936 
Wide-Band: 2936 

Input Conductance: 2911 
Oscillator: 2781 
Transadmittance: 2911 

DKT Crystals: 2874 



Donutron: 2772 
Distortion: 2897, 2909, 2943 
Frequency-Modulated Wave: 2943 
Transmission Network: 2943 

Intermodulation: 2897, 2943 
Disk Recording: 2897 
Analysis: 2897 

Frequency Modulation: 2943 
Pulse-Duration Modulation: 2909 
Analysis: 2909 

Doppler Effect: 2932 
Aircraft Speed Measurement: 2932 

Duct Propagation: 2780, 2856, 2984 
Duplexers: 2769 
Dynamics: 2779 
Analysis of Problems: 2779 

Earphones: 2858 
Noise Pickup: 2855 

Echoing Areas: Radar: 2717 
Eddy-Current Loss: 2761 
Transformer Cores: 2761 
Noise Excitation: 2761 

EDT Crystals: 2874 
Education, Engineering: 2810, 2860, 2865, 

2930 
Canadian Council: 2860 
Curricula: 2930 

E-Layer: 2786 
Electromagnetic Quantities: 2938 
Dimensional Analysis: 2938 

Electronic Analyzers: 2777, 2826 
Circuits: 2826 
ENIAC: 2826 
Operational Amplifiers: 2777 

Electronic Collisonal Frequency: 2757 
Electronic Computers: 2826, 2937 
Addition Circuits: 2826 
Counters: 2826 

Circuits: 2826 
Counters: 2826 
ENIAC: 2826 
Flip-Flops: 2826 
Magnetic Amplifiers: 2937 
Memory Circuits: 2826 
Flip-Flops: 2826 

Multiplication Circuits: 2826 
Electronic Switching: 2912 
Cyclophon: 2912 

Electronics: 2821, 2843, 2893 
In Submarine Warfare: 2821 
Peacetime Applications: 2843 
Research: 2893 
Office of Naval Research: 2893 

Electron Multipliers: 2885 
Magnetic: 2885 
Gain: 2885 
Frequency Variation: 2885 

Electron-Ray Tubes: 2900 
Tuning Indicator: 2900 

Electron Reflectors: 2830 
Electron Trajectory: 2830 
Electron Tubes (see Vacuum Tubes) 
Engineering Education: 2810, 2930 
Curricula: 2930 

Engineering Profession: 2845 
Relation to World Affairs: 2845 

ENIAC: 2826 
Equivalent Units: 2938 
Exponential Transmission Line: 2798 
Straight Conductors: 2798 
Tapered: 2798 

Facsimile: 2777 
Federal Communications Commission: 2799 
Filters: 2921 
Band-Pass: 2921 
Microwave: 2921 

Filters (Cont'd.) 
Band-Rejection: 2921 
Microwave: 2921 

Microwave: 2921 
Quarter-Wave Couplings: 2921 
Resonant-Element: 2921 

Quarter-Wave-Coupled: 2921 
Resonant-Element: 2921 
Microwave: 2921 

Flip-Flop Circuits: 2826, 2878 
Flop-Over Circuit: 2878 
Fluctuation Noise: 2876, 2903, 2914 
Microwave Tetrodes: 2914 
Pulse-Height Multiplex: 2903 

Flush-Type Radiators: 2947 
Frequency Control: 2804, 2805, 2806, 2827, 

2940 
Automatic: 2827 
Servomechanical: 2827 

Electron-Beam: 2804, 2805, 2806 
Magnetron Oscillator: 2804', 2805, 2806 
Electron-Beam: 2804, 2805, 2806 

Negative-Grid Controlled :2804,2805,2806 
Oscillators: 2804, 2805, 2806 
Stabilized Oscillator: 2940 

Frequency Converters: 2769, 2902 
Crystal: 2769 
Microwave: 2902 
Point-Contact: 2902 
Silicon: 2902 

Frequency Measurement: 2868, 2871 
Calibration: 2871 
Wavemeters: 2871 
Microwave: 2871 

Frequency standards: 2868 
Secondary: 2868 
Microwave: 2868 

Harmonic Generators: 2868 
Silicon-Crystal: 2868 

Harmonic Multipliers: 2868 
Heterodyne Detectors: 2868 
Microwave: 2868, 2871 
Wavemeters: 2871 
Calibration: 2871 

Wavemeters: 2868, 2871 
Coaxial-Line: 2868 
Microwave: 2871 
Calibration: 2871 

Frequency Modulation: 2718, 2737, 2738, 
2777, 2804, 2805, 2806, 2808, 2867, 
2870, 2875, 2882, 2896, 2900, 2941, 
2943, 2964 

Amplifier-Limiter: 2941 
Synchronous: 2941 

Bandwidth: 2875 
Variation with Modulation Index: 2875 

Broadcasting: 2964 
Antennas: 2964 
"Cleverleaf": 2964 

Center-Frequency-Stabilized: 2896 
Demodulator: 2941 
Synchronized Oscillator: 2941 

Deviation Ratio: 2943 
Distortion: 2943 

Distortion: 2943 
Calculation: 2943 
Transmission Network: 2943 

Electron-Beam: 2804, 2805, 2806 
Electren-Ray Indicator: 2900 
Interference: 2882 
Off-Channel: 2882 
Co-Channel: 2882 

Intermediate-Frequency Amplifiers: 2857 
Intermodulation Distortion: 2943 
Limiter-Amplifier: 2941 
Synchronous: 2941 

Magnetron Oscillators: 2804, 2805, 2806 
Electron-Beam Control: 2804, 2805, 

2806 
Modulation Index: 2875 
Variation of Bandwidth: 2875 

Frequency Modulation (Coned.) 
Modulator Tube: 2718 
Multitone: 2808 
Theory: 2808 

Negative-Grid-Controlled:  2804,  2805, 
2806 
Electron Beam: 2804, 2805, 2806 

Oscillators: 2804, 2805, 2806, 2870, 2896 
Audio-Frequency: 2870 
Resistance-Tuned: 2870 

Center-Frequency-Crystallized: 2896 
Feedback: 2870 
Resistance-Tuned: 2870 

Magnetron: 2804, 2805, 2806 
Electron-Beam Control: 2804, 2805, 

2806 
Resistance-Capacitance: 2870 
Resistance-Tuned: 2870 

Resistance-Tuned: 2870 
Phase-Modulator Tube: 2718 
Phasitron: 2718 
Ranges: 2737, 2738 
Co-Channel Interference-Limited: 2737 
Noise-Limited: 2737 

Receivers: 2867, 2900, 2941, 2943 
Amplifier-Limiter: 2941 
Synchronous: 2941 

Demodulator: 2941 
Synchronized Oscillator: 2941 

Distortion: 2943 
Calculation: 2943 

Intermediate-Frequency Amplifiers: 
2867 

Limiter-Amplifier: 2941 
Synchronous: 2941 

Tuning Indicator: 2900 
Electron-Ray: 2900 

Spectrum: 2808 
Transmission: 2896 
Center-Frequency Stabilized: 2896 

Tuning Indicator: 2900 
Electron-Ray: 2900 

Frequency Multipliers: 2828 
Design: 2828 

Frequency-Shift Keying: 2777 
Frequency Stabilization: 2804, 2805, 2806, 

2940 
Automatic: 2804, 2805, 2806 
Magnetron Oscillators: 2804, 2805, 2806 
Electron-Beam Control: 2804, 2805, 
2806 

Negative-Grid Control: 2804, 2805, 
2806 

Magnetron Oscillators: 2804, 2805, 2806 
Negative-Grid Control: 2804, 2805, 

2806 
Electron-Beam: 2804, 2805, 2806 

Microwave Oscillators: 2940 
Oscillators: 2804, 2805, 2806 
Magnetron: 2804, 2805, 2806 
Electron-Beam Control: 2804, 2805, 

2806 
Negative-Grid Control: 2804, 2805, 

2806 
Frequency Standards: 2868 
Harmonic Generators: 2868 
Silicon Crystal: 2868 

Harmonic Multipliers: 2868 
Heterodyne Detectors: 2868 
Microwave. 2868 
Secondary: 2868 
Microwave: 2868 

Wavemeters: 2868 
Coaxial-Line: 2868 

Generators: 2854 
Noise: 2854 
Electrical: 2854 
Random: 2854 



Ground Reflection: 2717 
Radar: 2717 

Ground-Wave Transmission: 2894 
Grounded-Grid Amplifier: 2936 
Wide-Band: 2936 

Harmonic Amplifiers: 2828, 2868 
Design: 2828 
Frequency Standard: 2868 

Harmonic Generators: 2868 
Silicon-Crystal: 2868 

Headphones: 2855 
Noise Pickup: 2855 

Hybrid Circuits: 2918 

Iconoscope: 2913 
Video Storage: 2913 
Secondary Emission: 2913 

"Ideal Filter": 2740 
Identification Friend or Foe: 2821 
Submarine: 2821 

Image Orthicon: 2962 
Field-Pickup Camera: 2962 

Impedance: 2790, 2824 
Plotting: 2824 
Transmission Line: 2790 
Measurement: 2790 

Impulse Noise: 2876 
Indicators: 2847, 2907 
Audio-Frequency: 2847 
Cathode-Ray Tube: 2847 
Electronic: 2847 

Cathode-Ray Tube: 2747 
Electronic: 2847 
Radar: 2907 
Plan-Position: 2907 
Remote Projection: 2907 
Detectability: 2907 
Discriminability: 2907 

Inductance: 2834 
Inductors: 2883 
Iron-Core: 2883 
High-Frequency Excitation: 2883 
Losses: 2883 
Loop Antennas: 2792 

Institute of Radio Engineers: 2726, 2727, 
2799, 2800, 2809, 2810, 2843, 2844, 
2845, 2860, 2865 

Canadian Council: 2727, 2810, 2860 
Report of Education Committee, Mon-

treal: 2727, 2860 
Report on Professional Standing: 2727 

Committee on Professional Recognition: 
2726 

Report on Collective Bargaining: 2726 
Constitutional Amendments: 2809 
Engineering Profession: 2845 
Relation to World Affairs: 2845 

Sections: 2844 
Test for Success: 2844 

Instrumentation (See "Measurements") 

Klystrons: 2756, 2764, 2795, 2886, 2942, 
2953 

Buncher: 2886 
Grid Spacing: 2886 

Gaps: 2886 
Transit-Time Effect: 2886 

Reflex: 2756, 2942, 2953 
Double Resonator: 2759 
Efficiency: 2756 
Multifrequency Bunching: 2953 

Transit-Time Effect: 2886 

Lighthouse Tubes: 2781, 2936, 2911 
Amplifier: 2936 

Lighthouse Tubes (Cont'd.) 
Wide-Band: 2936 

Input Conductance: 2911 
Oscillators: 2781 
Transadmittance: 2911 

Limiters: 2876 
Amplitude: 2876 
Effect on Noise: 2876 

Links, Relay: 2903 
Multiplex: 2903 
Commutation: 2903 
Fluctuation Noise: 2903 

Pulse-Height: 2903 
Loudspeakers: 2866 
Ratings: 2866 

Magnetic Amplifiers: 2937 
Magnetic Recording: 2967 
Heads: 2967 • 
Field Measurement: 2967 

Magnetrons: 2764, 2772, 2795, 2804, 2805, 
2806 

Cyclotron-Frequency: 2795 
Donutron: 2772 
Frequency-Modulated: 2804, 2805, 2806 
Electron-Beam Control: 2804, 2805, 

2806 
Negative-Grid Control: 2804, 2805, 
2806 

Multicavity: 2795 
Negative-Resistance: 2795 
Rieke Diagram: 2795 
"Rising-Sun": 2795 
Squirrel-Cage: 2772 
Strapped: 2795 
Traveling-Wave: 2795 
Tunable: 2772 

Measurements: 2719, 2730, 2732, 2751, 2758, 
2759, 2765, 2767, 2790, 2791, 2847, 
2848, 2868, 2871, 2884, 2895, 2897, 
2908, 2909, 2916, 2931, 2932, 2941, 
2945, 2946 

Aircraft Speed: 2932 
Doppler Effect: 2932 

Amplifiers: 2931 
Dynamic Performance: 2931 

Antenna: 2945, 2946 
Gain: 2946 
Radiation Patterns: 2945, 2946 
Using Models: 2945 

Audio Frequency: 2847 
Cathode-Ray Tube: 2847 
Electronic Indicator: 2847 

Automatic-Slideback Voltmeter: 2751 
Bolometric: 2791 
Cathode-Ray-Tube Indicators: 2847 
Circulated-Pulse Testing: 2908 
Crystals: 2719, 2758, 2759 
Distortion: 2909 
Intermodulation: 2897 
Disk Recording: 2897 

Pulse-Duration Modulation: 2909 
Field-Intensity Meter: 2941 
Synchronized Oscillator: 2941 

Frequency: 2868, 2871 
Harmonic Generators: 2868 
Silicon-Crystal: 2868 

Harmonic Multipliers: 2868 
Heterodyne Detectors: 2868 
Microwave: 2886 
Standards: 2868 
Secondary: 2868 
Microwave: 2868 

Wavemeters: 2868, 2871 
Calibration: 2871 
Coaxial-Line: 2868 

Impedance: 2790, 2916 
Oscillographic Presentation: 2916 
Reflection-Cofficient Plane: 2916 

Measurements (Cont'd.) 
Transmission Line: 2790, 2916 

Indicators: 2847 
Audio Frequency: 2847 
Cathode-Ray Tube: 2847 

Intermodulation Distortion: 2897 
Disk Recording: 2897 

Noise:2719, 2730, 2758, 2759, 2765 
Accuracy: 2730 
Conversion Gain: 2719 
Crystal Mixers: 2758, 2759 
Crystal Rectifiers: 2758, 2759 
Meters: 2730 

Peak Voltmeter: 2751 
Power: 2732, 2791, 2848 
Bolometric: 2791 
Calorimeter: 2848 
Ultra-High Frequency: 2848 
Calorimeter: 2848 
Coaxial Load: 2848 
Water-Filled Line: 2848 

Pulse: 2908 
Testing Repeaters: 2908 

Pulse-Duration Modulation: 2909 
Distortion :-2909 

Pulse-Measuring Voltmeter: 2751 
Radar: 2767, 2923 
Field: 2767 
Maintenance: 2767 

Receiver: 2765 
Noise: 2765 
Sensitivity: 2765 

Recording: 2897 
Disk: 2897 
Intermodulation: 2897 

Sensitivity: 2765 
Signal Generators: 2895 
Ultra-High i Frequency: 2895 
Wide-Range: 2895 

Spectrum Analyzers: 2884 
Double-Heterodyne: 2884 
Microwave: 2884 
Wide-Range: 2884 

Square Wave: 2908 
Synchronized Oscillators: 2941 
Field-Intensity Meter: 2941 
Linear Voltmeter: 2941 
Testing Repeaters: 2908 

Transient Response: 2908 
Circulated-Pulse Testing: 2908 

Transmission-Line Chart: 2916 
Oscillographic Presentation: 2916 

Transmission Lines: 2790 
Damping: 2790 
Impedance: 2790 
Phase-Shift: 2790 

Voltmeter: 2751, 2941 
Linear: 2941 
Synchronized Oscillator: 2941 

Peak-Measuring: 2751 
Automatic Slideback: 2751 

Meteorological Conditions: 2944 
Wave Propagation: 2944 
Tropospheric: 2944 

Microphones: 2855, 2866 
Input-Coupling Factor: 2866 
Noise Pickup: 2855 
Ratings: 2866 

Microwaves: 2728, 2731, 2732, 2739, 2752, 
2756, 2758, 2759, 2769, 2770, 2771, 
2772, 2777, 2780, 2781, 2782, 2783, 
2791, 2795, 2804, 2805, 2806, 2807, 
2824, 2827, 2830, 2856, 2868, 2871, 
2884, 2888, 2889, 2890, 2895, 2898, 
2902, 2904, 2911, 2914, 2917, 2918, 
2919, 2921, 2936, 2940, 2946, 2947, 
2950, 2951 

Amplifiers: 2936 
Power: 2936 



Microwaves (Cont'd.) 
Grounded-Grid: 2936 
Wide-Band: 2936 

Antennas: 2782, 2889, 2917, 2946, 2947 
Directional: 2889 
Analysis: 2889 

Flush-Type: 2947 
Measurements: 2946 
Omnidirectional: 2782 
Parabolic Radiators: 2917 
Design: 2917 
Feeds: 2917 
Polarization: 2917 

Pocket: 2947 
Slot: 2947 

Attenuator: 2752 
"Balun": 2898 
Coaxial Lines: 2951 
Phase Discontinuities: 2951 

Converters: 2902 
Diffraction: 2889 
Directional Couplers: 2739, 2919 
Ducts: 2780 
Feed: 2889 
Filters: 2921 
Quarter-Wave Couplings: 2921 
Resonant-Element: 2921 

Frequency Control: 2827 
Automatic: 2827 
Servomechanical: 2827 

Frequency Converters: 2902 
Microwave: 2902 
Wide-Band: 2902 

Point-Contact: 2902 
Silicon: 2902 

Frequency Measurement: 2868, 2871 
Standards: 2886, 2871 

Frequency Modulation: 2804, 2805, 2806 
Electron-Beam:2804, 2805, 2806 
Magnetrons: 2804, 2805, 2806 
Negative-Grid: 2804, 2805, 2806 

Frequency Stabilization: 2804, 2805, 2806, 
2940 
Electron-Beam: 2804, 2805, 2806 
Electronic: 2940 
Magnetron: 2804, 2805: 2806 
Negative-Grid: 2804, 2805, 2806 

Frequency Standards: 2868, 2871 
Secondary: 2868 

Hybrid Circuits: 2918 
Junctions: 2759 
Coaxial to Wave-Guide: 2759 
Broad Band: 2759 

Magnetrons: 2804, 2805, 2806 
Frequency Modulated: 2804, 2805, 2806 
Electron-Beam: 2804, 2905, 2806 

Frequency Stabilized: 2804, 2805, 2806 
Measurements:2732, 2791, 2884, 2895 
Power: 2791 
I3olometric: 2791 
Water Load: 2732 

Signal Generators: 2895 
Wide-Range: 2895 

Spectrum Analyzers: 2884  , 
Double-Heterodyne: 2884 
Wide-Range: 2884 

Omnidirectional: 2782 
Tridipole: 2782 
Wave-Guide: 2782 

Oscillators: 2731, 2758, 2781, 2795, 2827, 
2940 

Disk-Seal Tube: 2781 
Double-Resonator Klystron: 2795 
Frequency Control: 2827 
Automatic: 2827 

Frequency-Stabilized: 2940 
Electronic: 2940 

Klystron: 2795 
Lighthouse Tube: 2781 
Magnetron: 2795 

Microwaves (Coned.) 
Reflex: 2731, 2758 
Velocity-Modulated: 2758 

Reflex Klystron: 2795 
Triode: 2795 
Velocity-Modulated: 2758 
Velocity-Variation: 2731, 2795 
Wide-Tuning-Range: 2731 

Point-Contact Rectifier: 2902 
Propagation: 2770, 2780, 2807, 2856 
Duct: 2780, 2856 
Low-Level: 2780 
Low Ocean: 2856 

Rain, Effect of: 2770 
Attenuation: 2770 
Through Rain: 2770 

Refraction: 2807 
Tropospheric: 2807 

Receivers: 2769, 2902 
Converters: 2902 
Wide-Band: 2902 

Radar: 2769 
Reflectors: 2889 
Relay: 2728, 2777 
Multichannel: 2728 

"S"-Band Attenuator: 2752 
Signal Generators: 2898 
Wide-Range: 2895 

Silicon Rectifiers: 2902 
Spectrum Analyzers: 2884 
Double-Heterodyne: 2884 
Wide-Range: 2884 

Transducers: 2890 
Resonators: 2890 
Equivalent Circuit: 2890 

Transformers: 2898 
Wide-Band: 2898 
Balanced-to-Unbalanced Line: 2898 
"Balun": 2898 

Transmission Lines: 2919 
Directional Couplers: 2919 

Vacuum Tubes: 2756, 2772. 2899, 2911, 
2914 

Disk-Seal Tubes: 2911 
Input Conductance: 2911 
Transadmittance: 2911 

Donutron: 2772 
Electrode Dissipation:2899 
Magnetron: 2772 
Space-Charge Effects: 2914 
Squirrel-Cage Magnetron: 2772 
Tetrodes: 2914 
Space-Charge Effects: 2914 
Transit-Time Effects: 2914 

Wave-Guide: 2830, 2890, 2918, 2919, 2950 
Differential Phase-Shift Section: 2950 
Directional Couplers: 2919 
Hybrid Circuits: 2918 
Phase Changer: 2950 
Ridge: 2830 
Transducers: 2890 
Equivalent Circuit: 2890 

Wavemeters: 2868, 2871 
Wave Propagation: 2904 
Trophospheric: 2904 
Index of Refraction: 2904 

, Miller Effect: 2730 
In Noise Meters: 2730 

Mixers: 2719, 2758, 2759 
Crystal: 2719, 2758, 2759 
Noise: 2719, 2758, 2759 

Modulation: 2728, 2777, 2796, 2808, 2875, 
2879, 2880, 2896, 2903, 2909, 2912 

Amplitude: 2808 
Multitone: 2808 
Spectrum: 2808 
Theory: 2808 

Frequency: 2808, 2875, 2896 
Bandwidth: 2875 

Modulation (Cont'd.) 
Variation with Modulation Index: 

2875 
Center-Frequency Stabilized: 2896 
Modulation Index: 2875 
Variation of Bandwidth: 2875 
Multitone: 2808 
Oscillators: 2896 
Center-Frequency Stabilized: 2896 

Spectrum: 2808 
Theory: 2808 

Pulse: 2880, 2903, 2909, 2912 
Cyclophon: 2912 
Duration: 2909 
Distortion: 2909 

Lengtheners: 2880 
"Box-Car" Type: 2880 

Pulse-Height Multiplex: 2903 
Fluctuation Noise: 2903 

Pulse-Time-Division: 2728 
Microwave Relay: 2728 

Selective Demodulation: 2796 
Time: 2878, 2879 

Modulation Index: 2875 
Frequency Modulation: 2875 
Variation of Bandwidth: 2875 

Moon Radar: 2717 
Mosaics: 2913 
Video Storage: 2913 
Secondary Emission: 2913 

Multiar: 2878 
Multiplex: 2728, 2796, 2903, 2912 
Pulse-Time Modulation: 2912 
Cyclophon: 2912 
Commutation: 2903 
Fluctuation Noise: 2903 

Microwave Relay: 2728 
Pulse-Height: 2903 
Pulse-Time Division: 2728 
Selective Demodulation: 2796 

Multipliers: 2828, 2885 
Electron: 2885 
Magnetic: 2885 
Frequency Variation: 2885 
Gain: 2885 

Frequency: 2828 
Design: 2828 

Multitone Modulation: 2808 

Naval Research: 2893 
Electronic Research: 2893 

Navigation: 2762  
Error: 2762 
Propagated Wave: 2762 

Navigation Aids: 2777 
Negative-Resistance Magnetron: 2795 
Network Analysis: 2761 
Noise Loss: 2761 
Transformer Cores: 2761 

Networks: 2739, 2740, 2910, 2943 
Directional Coupler: 2739 
Distortion: 2943 
Frequency-Modulated Wave: 2943 

"Ideal Filter": 2740 
Pass Band: 2740 
Step Response: 2740 
Transient Analysis: 2910 
Virtual Displacements: 2910 

Transition Time: 2740 
Virtual Displacements: 2910 
Transient Behavior: 2910 

Noise: 2717, 2719, 2730, 2758, 2759, 2761, 
2765, 2769, 2792, 2854, 2876, 2883, 
2903, 2914 

Amplitude Limiting: 2876 
Effect on Receiver Performance: 2876 

Coils: 2883 
Iron-Core: 2883 
High-Frequency Excitation: 2883 



Noise (Cont'd.) 
Losses: 2883 

Conversion: 2758, 2759 
Crystal Rectifiers: 2719, 2758, 2759 
Fluctuation: 2876, 2903, 2914 
Frequency Selectivity: 2876 
Effect on Receiver Performance: 2876 

Generators: 2854, 2876 
Electrical: 2854 
Gas Tube: 2854 

Impulse: 2876 
Input-Circuit: 2792 
Loop Antennas: 2792 

Measurement: 2719, 2730 
Accuracy: 2730 
Conversion Gain: 2719 
Effect of Bandwidth: 2730 
Response Time: 2730 

Meters: 2730 
Accuracy: 2730 

Microwaves: 2914 
Tetrodes: 2914 
Space-Charge Effects: 2914 
Transit-Time Effects: 2914 

Noise Figure: 2769 
Noise Loss: 2761 
Transformer Cores: 2761 

Radar: 2717 
Random: 2761 
Eddy-Current Loss: 2761 

Receiver: 2765 
Measurement: 2765 
Specification: 2765 

Receiver Performance. 2876 
Amplitude Limiting: 2876 
Frequency Selectivity: 2876 

Sine Wave: 2761 
Sources: 2854 
Electrical: 1854 
Gas Tube: 2854 

Spectrum, 2758, 2759 
Crystal Rectifiers: 2758, 2759 

Temperature: 2717 
Transformers: 2883 
Iron-Core: 2883 
High-Frequency Excitation: 2883 
Losses: 2883 

Vacuum Tubes: 2914 
Space-Charge Effects: 2914 
Transit-Time Effects: 2914 

Nomograms: 2834 
Inductance Calculation: 2834 

Nonlinear Transformers: 2937 
Nyquist Diagram: 2952 
Servomechanism Analysis: 2952 

0 

Orthotelephonic Gain: 2855 
Oscillators: 2781, 2804, 2805, 2806, 2827, 

2870, 2895, 2896, 2940, 2941 
Audio Frequency: 2870 
Feedback: 2870 
Resistance-Tuned: 2870 

Frequency Modulated: 2870 

Disk-Seal Tube: 2781 
Frequency Control: 2827 
Automatic: 2827 
Servomechanical: 2827 

Frequency-Nlodulated: 2870, 2804, 2805, 
2806, 2896 

Audio Frequency: 2870 
Resistance-Tuned: 2870 

C,enter-Frequency-Stabilized: 2896 
Magnetron: 2804, 2805, 2806 
Electron-Beam: 2804, 2805, 2806 
Negative-Grid Control: 2804, 2805, 

2806 
Frequency Stabilization: 2804, 2805, 2806 
Magnetron: 2804, 2805, 2806 
Electron-Beam: 2804, 2805, 2806 

Oscillators (Cont'd.) 
Negative-Grid Control: 2804, 2805, 

2806 
Frequency-Stabilized: 2940 
Electronic: 2940 
Microwave: 2940 

Lighthouse Tube: 2781 
Microwave: 2781, 2795, 2827 
Automatic Frequency Control: 2827 
Servomechanical: 2827 

Disk-Seal Tube: 2781 
Double-Resonator Klystron: 2795 
Frequency Control: 2827 
Servomechanical: 2827 
Klystron: 2795 
Lighthouse Tube: 2781 
Magnetron: 2795 
Reflex-Klystron: 2795 
Stabilized: 2940 
Triode: 2795 
Velocity-Variation: 2795 

Stabilized 2940 
Electronic: 2940 

Synchronized: 2941 
Oscillograph: 2801, 2916 
Impedance Representation: 2916 
Radiographic: 2801 
Transmission-Line Presentation: 2916 

Parabolic Antennas: 2823, 2917 
Focal Devices: 2823 

Peak-Limiting Amplifiers: 2931 
Dynamic Performance: 2931 

Peak-Measuring Voltmeter: 2751 
Phase Changer: 2950 
Differential Phase-Shift Section: 2950 

Phase-Modulator Tube: 2718 
Phasitron: 2718 
Pick-Off Circuit: 2878 
Piezoelectric Crystals: 2777, 2831, 2874 
Artificial Twinning: 2831 
DKT: 2874 
EDT: 2874 
Filters: 2874 
Low-Coefficient: 2874 
Oscillator Control: 2874 
Synthetic: 2874 
Twinning: 2831 

Planar Tubes: 2764 
Plan-Position Indicator: 2907 
Remote Rejection: 2907 
Detectability: 2907 
Discriminability: 2907 

Pocket Antennas: 2947 
Point-Contact Rectifiers: 2902 
Positioning System: 2793 
Radio Control: 2793 

Power: 2732, 2791 
Measurement: 2732 
Bolometric: 2791 
Water Load: 2732 
Coaxial Type: 2732 

Professional Recognition: 2726 
Professional Standing: 2727 
Programming Circuits: 2826 
Program Transmission Standards: 2963 
Broadcasting: 2963 

Pulse-Height Multiplex: 2903 
Fluctuation Noise: 2903 

Pulse Transmission: 2728, 2879, 2880, 2895, 
2903, 2908, 2909, 2912 

Commutation Multiplex: 2903 
Fluctuation Noise: 2903 

Demodulation: 2879 
Distortion: 2909 
Analysis: 2909 

Lengtheners: 2880 
"Box-Car" Type: 2880 

Pulse-Duration Modulation: 2909 

Pulse Transmission (Cont'd.) 
Distortion: 2909 
Analysis: 2909 

Pulse-Height Multiplex: 2903 
Fluctuation Noise: 2903 

Pulse-Time Division: 2728 
Microwave Relay: 2728 

Pulse-Time Modulation: 2912 
Cyclophon: 2912 

Measurements: 2895, 2908 
Circulated Pulses: 2908 
Signal Generators: 2895 
Testing Repeaters: 2908 

Modulation: 2879 
Multiplex: 2912 
Cyclophon: 2912 

Push-Pull Amplifiers: 2766 

Radar: 2717, 2731, 2749, 2764, 2767, 2769, 
2777, 2788, 2795, 2821, 2822, 2878, 
2879, 2906, 2907, 2918, 2923, 2942, 
2953, 2968 

Antennas: 2822 
Beacon: 2822 

Atmosphere, Reflections from: 2788 
ATR: 2769 
Beacon: 2822 
Airborne: 2822 
Blanking Gate: 2822 
Coder: 2822 
Discriminator: 2822 
Ground: 2822 

Centimeter-Wave: 2769 
Receivers: 2769 
Design: 2769 

Detectability: 2907 
Plan-Position Indicator: 2907 
Remote Projection: 2907 

Development: 2749 
In Canada: 2749 

Discriminability: 2907 
Plan-Position Indicator: 2907 
Remote Projection: 2907 

Duplexer: 2769 
Echoing Areas: 2717 
Generators: 2795 
Indicators: 2907 
Plan-Position: 2907 
Projection: 2907 

Intermediate-Frequency Amplifiers: 2906 
Maintenance: 2767 
Field: 2767 

Measurements: 2923 
Modulators: 2822 
Beacon: 2822 

Moon: 2717 
Navigation: 2822 
Beacon: 2822 

Noise Figure: 2769 
Oscillator Tubes: 2731, 2942, 2953 
Reflex: 2731 
Reflex-Klystron: 2942, 2953 

Velocity-Variation: 2731 
Wide-Tuning-Range: 2731 

Plan-Position Indicator: 2907 
Projection: 2907 
Detectability: 2907 
Discriminability: 2907 

Range: 2717 
Range-Finding Circuits: 2878, 2879 
Receivers: 2769, 2822, 2906, 2942, 2953 
Automatic Frequency Control: 2769 
Beacon: 2822 
Beating Oscillators: 2942, 2953 
Crystal Converters: 2769 
Design. 2769 
Intermediate-Frequency Amplifier: 

2769, 2906 
Design: 2906 



Radar (Cen'cl.) 
Local-Oscillator: 2769 
Noise Figure: 2769 
Reflex-Klystron Oscillators: 2942, 2953 

Reflections from Lower Atmosphere: 2788 
Submarine: 2821 
Systems: 2822 
Beacon: 2822 

Targets: 2907 
Detectability: 2907 
Discriminability: 2907 

Test Equipment: 2767 
Airborne: 2767 

Time Demodulation: 2879 
Time Modulation: 2878 
Transmit-Receive Switches: 2769, 2918 
Hybrid Circuits: 2918 

Transmitters; 2822 
Beacon: 2822 

Types: 2749 
Vacuum Tubes: 2764, 2942, 2953 
Reflex Klystron: 2942, 2953 
Multifrequency Bunching: 2953 

Video Delay Lines: 2968 
Radio Control: 2793 
Radiography: 2801 
High-Speed: 2801 

Receivers: 2750, 2765, 2777, 2867, 2876, 
2902, 2906, 2942, 2953 

Amplitude Limiting: 2876 
Effect on Noise: 2876 

Beating Oscillators: 2942, 2953 
Reflex Klystron: 2942, 2953 

Broadcast: 2867 
Frequency Modulation: 2867 
Intermediate-Frequency Amplifiers: 

2867 
Communications: 2750 
Converters: 2902 
Microwave: 2902 
Wide-Band: 2902 

Point-Contact: 2902 
Silicon: 2902 

Fluctuation Noise: 2876 
Frequency Modulation: 2867 
Frequency Selectivity: 2876 
Effect on Noise: 2876 

Impulse Noise: 2876 
Intermediate-Frequency Amplifiers: 

2867, 2906 
Frequency Modulation: 2867 
Radar: 2906 

Naval: 2750 
Communications: 2750 
Ultra-High-Frequency: 2750 

Noise Performance: 2876 
Amplitude Limiting: 2876 
Frequency Selectivity: 2876 

Radar: 2906, 2942, 2953 
Beating Oscillators: 2942, 2953 
Reflex Klystron: 2942, 2953 

Intermediate-Frequency Amplifiers: 
2906 

Selectivity: 2876 
Frequency: 2876 
Effect on Noise: 2876 

Sensitivity: 2765 
High-Frequency: 2765 
Measurement: 2765 
Specification: 2765 

Reciprocity Theorem: 2918 
Hybrid Circuits: 2918 

Recording: 2881, 2897, 2933, 2966, 2967 
Advance Ball: 2933 
Air Dashpot: 2933 
Bounce: 2933 
Cutting Force: 2933 
Disk: 2897, 2933 
Distortion: 2897 
Intermodulation: 2897 

Recording (Coned.) 
Magnetic: 2967 
Heads: 2967 
Field Measurements: 2967 

Lacquer: 2933 
Stylus-Tip Force: 2933 

Vacuum-Tube Transducer: 2966 
Sky-Wave Signals: 2881 
Broadcast Stations: 2881 

Rectifiers: 2753, 2758, 2759 
Copper-Oxide: 2753, 2759 
Crystal: 2753, 2759 
Noise: 2758 

Thermionic: 2753 
Voltage-Doubling: 2753 

Reflectors: 2889 
Microwave: 2889 

Reflectors, Electron: 2830 
Reflex Klystrons: 2756, 2795, 2942, 2953 
Beating Oscillators: 2942 
Bunching: 2953  • 
Multifrequency: 2953 

Efficiency: 2756 
Reflex Oscillators: 2731, 2758 
Refractive Index: 2904 
Tropospheric Layers: 2904 

Regulator Tubes: 2784 
Voltage: 2784 
Characteristics: 2784 

Relay Links: 2728, 2777, 2988 
Microwave: 2728 
Multichannel: 2728 

Multichannel: 2728 
Repeaters: 2908 
Testing:'2908 
Circulated-Pulse Method: 2908 

Repeaters: 2908 
Testing: 2908 
Circulated-Pulse Method: 2908 

Research: 2893 
United States Navy: 2893 
Electronic Research: 2893 

Resonators: 2771, 2777, 2783, 2849, 2890, 
2921 

Analysis: 2771, 2783 
Circle Diagrams: 2771, 2783 
Design Charts: 2849 
Equivalent Circuit: 2890 
Filter Elements: 2921 
Measurements: 2771, 2783 

Resnatron: 2764 
Ridge Wave guide: 2830 
Rieke Diagram: 2795 
"Rising-Sun" Magnetron: 2795 
Rosa Inductance Calculation: 2834 
Nomogram: 2834 

"S"-Band Attenuator: 2752 
Sections, I.R.E.: 2844 
Test for Success: 2844 

Selective Demodulation: 2796 
Servomechanisms: 2741, 2827, 2952 
Automatic Frequency Control: 2827 
Performance Studies: 2952 
Inverse Nyquist Diagram: 2952 

Servomotors: 2793 
Signal Corps: 2728, 2764 
Microwave Relay: 2728 
Vacuum Tubes: 2764 

Signal Generators: 2895 
Microwave: 2895 
Wide-Range: 2895 

Ultra-High-Frequency: 2895 
Wide-Range: 2895 

Slot Antennas: 2947 
Sound (see "Audio Frequencies") 
Space-Charge Effects: 2914 
Microwave Tetrodes: 2914 

Space-Current Division: 2173 
In Tetrodes: 2773 

Speakers (see Loudspeakers) 
Spectrum Allocation: 2799 
Spectrum Analyzers: 2884 
Double-Heterodyne: 2884 
Wide-Range: 2884 

Spectrum, Modulation: 2808 
Amplitude: 2808 
Frequency: 2808 

Speech: 2855 
Articulation Index: 2855 
Communication Systems: 2855 
Design: 2855 

Hearing: 2855 
Intelligibility: 2855 
Orthotelephonic Gain: MSS 
Spectra: 2855 

Speed Measurements: 2932 
Doppler Effect: 2932 

Sporadic-E Layer: 2786 
Squirrel-Cage Magnetron: 2772 
Step Response: 2740 
Strapped Magnetron: 2795 
Stylus-Tip Force: 2933 
Lacquer-Disk Recording,: 2933 

Submarine Warfare: 2821 
Communications: 2821 
Electronics: 2821 

Summer: 2937 
Magnetic Amplifier: 2937 

Synchronization: 2941 
Oscillator: 2941 

Tapered Transmission Lines: 2798 
Technical Audit: 2800 
Technical Papers: 2833 
Presentation: 2833 

Television: 2729, 2761, 2777, 2846, 2851, 
2852, 2853, 2880, 2913, 2915, 2934, 
2949, 2962, 2968 

Amplifiers: 2729 
Intermediate-Frequency: 2729 
Capacitance-Coupled: 2729 

Antennas: 2949 
Circularly Polarized: 2949 
Helical: 2949 

Camera: 2962 
Portable: 2962 

Coaxial-Cable Networks: 2934 
Color: 2851, 2852, 2853 
Sequential: 2851 
Simultaneous: 2851, 2852, 2853 

Deflection Circuits: 2846 
Magnetic: 2846 

Dichroic Mirrors: 2852 
Eddy-Current Loss: 2761 
Noise: 2761 
Random Noise: 2761 
Sine-Wave Noise: 2761 
Transformer Loss (Noise): 2761 
Iconoscope: 2913 
Video Storage: 2913 
Secondary Emission: 2913 

Field Pickup: 2962 

Image Orthicon: 2915, 2962 
Electron Paths: 2915 

Kinescopes: 2846 
Magnetic Deflection: 2846 
Mosaics: 2913 
Video Storage: 2913 
Secondary Emission 

Orthicon: 2915 
Electron Paths: 2915 

Pickup Tubes: 2915 
Electron Paths: 2915 

Pulse Modulation: 2880 
Lengtheners: 2880 



Television (Cont'd.) 
Pulse Lengthener: 2880 
Relay Networks: 2934 
Coaxial-Cable: 2934 

Sequential Color: 2851 
Simultaneous Color: 2851, 2852, 2853 
Storage Tube: 2913 
Secondary Emission: 2913 
Video Storage: 2913 

Sweep Circuits: 2846 
Sweep Distortion: 2846 
Sweep Generators: 2846 
Synchronization: 2912 
Wave-Form Generation: 2912 
Cyclophon: 2912 

Trinoscope: 2853 
Vacuum Tubes: 2915 
Electron Paths: 2915 

Video Delay Lines: 2968 
Video Storage: 2913 
Secondary Emission: 2913 

Thermistor: 2742 
Thyratron: 2764 
Time Demodulation: 2879 
Time Modulation: 2878 
Top-Loaded Antenna: 2877 
Performance: 2877 

Trajectory, Electron: 2830 
Transadmittance: 2911 
Disk-Seal Tubes: 2911 

Transducers: 2890, 2966 
Recording: 2966 
Vacuum-Tube: 2966 

Resonators: 2980 
Equivalent Circuit: 2890 

Transformers: 2867, 2869, 2883, 2898, 2910, 
2937 

Antenna Coupling: 2869 
Loop: 2869 

"Balun": 2898 
Intermediate Frequency: 2867 
Frequency Modulation: 2867 

Iron Core: 2883 
High-Frequency Excitation: 2883 
Loss: 2883 

Loop Coupling: 2869 
Microwave: 2898 
"Balun": 2898 
Balanced-to-Unbalanced Line• 2898 

Nonlinear: 2937 
Magnetic Amplifier: 2937 

Pulse: 2910 
Transient Analysis: 2910 
Virtual Displacements: 2910 

Transient Analysis: 2910 
Transition Time: 2740 
Filter Networks: 2740 

Transit Time: 2720, 2830 
Class-C Operation: 2720 
Phase-Delay Angle: 2720 
Reactance: 2720 
"Frequency Pushing": 2720 

Ultra-High-Frequency: 2720 
Class-C Operation: 2720 

Transit-Time Effects: 2914 
Microwave Tetrodes: 2914 

Transmission Lines: 2742, 2771, 2777, 2783, 
2790, 2798, 2918, 2919, 2898, 2951, 
2967 

Circle Diagrams: 2771, 2783 
Coaxial: 2951, 2968 
Delay: 2968 
Phase Discontinuities: 2951 

Delay: 2968 
Directional Couplers: 2919 
Exponential: 2798 
Four-Wire Line: 2798 
Straight Conductors: 2798 

Hybrid Circuits: 2918 
Impedance Measurement: 2790 

Transmission Lines (Coned.) 
Matching Transformer: 2742, 2898 
"Balun": 2898 
Balanced-to-Unbalanced Line: 2898 
Stub-Tuned: 2742 

Measurements: 2771, 2783, 2790 
Damping: 2790 
Impedance: 2790 
Phase Shift: 2790 

Video Delay: 2968 
Transmit-Receive Switches: 2764, 2918 
Hybrid Circuits: 2918 

Traveling-Wave Magnetron: 2795 
Traveling-Wave Tubes: 2734, 2735, 2736 
Tridipole Antennas: 2782 
Trigger Circuit: 2878 
Trinoscope: 2853 
Tuning Indicators: 2900 
Frequency Modulation: 2900 

IT 

Ultra-High Frequencies: 2737, 2750, 2807, 
2884, 2895, 2899, 2904, 2936, (see also 
"Microwaves") 

Amplifiers: 2936 
Power: 2936 
Wide-Band: 2936 

Measurements: 2895 
Signal Generators: 2895 
Wide-Range: 2895 

Ranges: 2737 
Co-Channel Interference-Limited: 2737 
Noise-Limited: 2737 

Receivers: 2750 
Communications: 2750 
Design: 2750 
Naval: 2750 

Signal Generators: 2895 
Wide-Range: 2895 

Spectrum Analyzers: 2884 
Double-Heterodyne: 2884 
Wide-Range: 2884 

Vacuum Tubes: 2899 
Electrode Dissipation: 2899 

Wave Propagation: 2807, 2904 
Tropospheric: 2807: 2904 
Index of Refraction: 2807, 2904 

United States Army: 2728 
Microwave Relay: 2728 

United States Navy: 2750, 2893 
Office of Naval Research: 2893 
Electronic Research: 2893 

Receivers: 2750 
Communications: 2750 
Design: 2750 
Ultra-High-Frequency: 2750 
Very-High-Frequency: 2750 

Universal Winding: 2965 
Ordinary: 2965 
Progressive: 2965 

V 

Vacuum Tubes: 2718, 2720, 2731, 2734, 
2735, 2736, 2756, 2758, 2764, 2772, 2773, 
2777, 2781, 2784, 2785, 2787, 2795, 2797, 
2801,2804, 2805, 2806, 2830, 854, 2872, 
2885, 2886, 2899,2900, 2911, 2912, 2913, 
2914, 2915, 2942, 2953, 2966 

Admittance Matching: 2887 
Wave-Guide: 2887 
Irises: 2887 
Broad-Band: 2887 

Amplification Factor: 2785 
Amplifiers: 2734, 2735, 2736, 2797, 2872 
Cathode-Follower: 2797 
Conductance: 2797 
Input Admittance: 2797 
Susceptance: 2797 

Graphical Analysis: 2872 
Cathode-Degenerated: 2872 

Vacuum Tubes (Cont'd.) 
Cathode-Follower: 2872 

Traveling-Wave: 2734, 2735, 2736 
Beam-Type: 2734, 2735, 2736 
Traveling-Wave: 2734, 2735, 2736 

Cathode-Ray Tubes: 2764 
Cold-Cathode X-Ray: 2802 
Commutator: 2912 
Cathode-Ray Oscilloscope: 2912 
Radial: 2912 

Construction: 2764 
Co-planar: 2764 
Cyclophon: 2912 
Development: 2764 
Disk-Seal: 2781, 2911 
Input Conductance: 2911 
Transadmittance: 2911 

Donutron: 2772 
Electrode Dissipation: 2899 
Ultra-High Frequencies: 2899 

Electronic Switching: 2912 
Electron Multipliers: 2882 
Magnetic: 2885 
Gain: 2885 
Frequency Variation: 2885 

Electron Paths: 2915 
Electron Reflectors: 2830 
Quadratic Axial Potential Distribution: 

2830 
Electron-Ray: 2900 
Tuning Indicator: 2900 

Electron Trajectory: 2830 
Field-Emission Arc: 2802 
Frequency Modulator: 2718 
Gas Tubes: 2764, 2854 
Noise Generators: 2854 

Heating Element: 2787 
High-Speed X-Ray: 2802 
Hot-Cathode X-Ray: 2802 
Iconoscopes: 2913 
Video Storage: 2913 
Secondary Emission: 2913 

Image Orthicon: 2915 
Electron Paths: 2915 

Indicator Tubes: 2764 
Input Admittance: 2797 
Cathode Followers: 2797 

Input Conductance: 2911 
Disk-Seal Tubes: 2911 

Irises: 2887 
Wave Guide: 2887 
Admittance Matching: 2887 
Broad-Band: 2887 

Klystrons, 2756, 2764, 2942, 2953 
Buncher, 2886 
Grid Spacing: 2886 

Reflex: 2756, 2942, 2953 
Efficiency: 2756 
Multifrequency Bunching: 2953 

Transit-Time Effect: 2886 
Lighthouse: 2781, 2911 
Input Conductance: 2911 
Transadmittance: 2911 

Magnetrons: 2764, 2772, 2804, 2805, 2806 
Donutron: 2772 
Frequency-Modulated: 2804,2805, 2806 
Electron- Beam: 2804, 2805, 2806 
Negative-Grid Control: 2804, 2805, 

2806 
Frequency Stabilized: 2804, 2805, 2806 
Electron-Beam: 2804, 2805, 2806 
Negative-Grid Control: 2804, 2805, 

2806 
Squirrel-Cage: 2772 
Tunable: 2772 

Microwave: 2734, 2735, 2736, 2756, 2758, 
2764, 2772, 2781, 2795, 2804, 2805, 2806, 
2887, 2899, 2911, 2914, 2942, 2953 
Orthicon: 2915 
Electron Paths: 2915 



Vacuum Tubes (Coned.) 
Pickup: 2915, 2966 
Electron Paths: 2915 

Receiving Tubes: 2764 
Reflex: 2758 
Velocity-Modulated: 2758 

Reflex-Klystron: 2756, 2942, 2953 
Efficiency: 2756 

Resnatrons: 2764 
Space-Charge Effects: 2914 
Microwave Tetrodes: 2914 

Switching, Electronic: 2912 
Tetrodes: 2914 
Disk-Seal: 2914 
Input Conductance: 2914 
Transadmittance: 2914 

Transit-Time Effects: 2914 
Klystrons: 2886 
Microwave Tetrodes: 2914 

Velocity-Modulated: 2758 
Wide-Band: 2734, 2735, 2736 
Traveling-Wave: 2734, 2735, 2736 

Oscillators: 2731, 2758, 2781, 2942, 2953 
Disk-Seal Tube: 2781 
Microwave: 2781 
Reflex: 2731, 2758 
Velocity-Modulated: 2758 

Reflex Klystron: 2942, 2953 
Multifrequency Bunching: 2953 

Velocity-Modulated: 2758 
Velocity-Variation: 2731 
Wide-Tuning-Range: 2731 
Microwave: 2731 

Phase Modulator: 2718 
Phasitron: 2718 
Pickup Tubes: 2764 
Planar Tubes: 2764 
Power: 2773 
Tetrodes: 2773 
Space-Current Division: 2773 

Power Tubes: 2764 
Radiographic: 2801 
Reflex Klystron: 2942, 2953 
Reflex Oscillator: 2758 
Velocity-Modulated: 2758 

Regulator: 2784 
Characteristics: 2784 

Resnatrons: 2764 
Retarding Field: 2830 
Space-Current Division: 2773 
Squirrel-Cage Magnetron: 2772 
Tetrodes: 2773 
Power: 2773 
Space-Current Division: 2773 

Thyratrons: 2764 
Transadmittance: 2911 
Transducer: 2966 
Recording: 2966 

Transit Time: 2720, 2830 
Class-C Operation: 2720 

Transmit-Receive: 2764 
Traveling-Wave: 2734, 2735, 2736 

Triodes: 2911 
Lighthouse: 2911 
Input Conductance: 2911 
Transadmittance: 2911 

Tunable Magnetron: 2772 
Tuning Indicator: 2900 
Electron-Ray: 2900 

Velocity-Modulated Oscillator: 2758 
Voltage Regulator: 2784 
Characteristics: 2784 

War Types: 2764 
Wide-Band: 2734, 2735, 2736 
X-Ray: 2801 

Vehicular Communication: 2777 
Velocity-Modulated Oscillator: 2758 
Velocity-Variation Oscillator: 2731, 2795 
Vertical Antennas: 2877, 2935 
Mutual Impedance: 2935 

Vertical Antennas (Coned.) 
Unequal Heights: 2935 

Performance: 2877 
Very-High Frequencies: 2737, 2738, 2750, 

2807, 2884, 2904, 2944 
Propagation: 2807 
Refraction: 2807 
Tropospheric: 2807 

Ranges: 2737, 2738 
Co-Channel Interference-Limited: 2737 
Noise-Limited: 2737 

Receivers: 2750 
Communications: 2750 
Naval: 2750 

Spectrum Analyzers: 2884 
Double-Heterodyne: 2884 
Wide-Range: 2884 
Wave Propagation: 2904, 2944 
Tropospheric: 2904, 2944 
Index of Refraction: 2904 
Meteorological Conditions: 2944 

Video Delay Lines: 2968 
Virtual Displacements: 2910 
Transient Analysis: 2910 

Voltage Doublers: 2753 
Voltage-Regulator Tubes: 2784 
Characteristics: 2784 

Voltmeter: 2751 
Automatic Slideback: 2751 
Peak-Measuring: 2751 

Peak-Measuring: 2751 

Wattmeter: 2791, 2848 
Bolometer:•2791 
Calorimeter: 2848 
Ultra-High-Frequency: 2848 
Coaxial Load: 2848 
Water-Filed Line: 2848 

Wave Guides: 2759, 2771, 2777, 2782, 2783, 
2830, 2887, 2890, 2910, 2918, 2919, 2950 

Admittance Matching: 2887 
Irises: 2887 
Broad-Band: 2887 

Analysis: 2771: 2783 
Antennas: 2782 
Omnidirectional: 2782 

Circle Diagrams: 2771, 2783 
Corner Bend: 2920 
Equivalent Circuit: 2920 

Directional Couplers: 2919 
Hybrid Circuits: 2918 
Irises: 2887 
Broad-Band: 2887 
Admittance-Matching: 2887 

Junctions: 2759 
To Coaxial: 2759 
Broad-Band: 2759 

Measurements: 2771, 2783 
Phase Changer: 2950 
Differential Phase-Shift Section: 2950 

Rectangular: 2830 
Ridge: 2830 
Transducers: 2890 
Equivalent Circuit: 2980 

Wavemeters: 2868, 2871 
Calibration: 2871 
Coaxial-Line: 2868 
Microwave: 2871 
Calibration: 2871 

Wave Propagation: 2737, 2738, 2757, 2762, 
2770, 2777, 2780, 2786, 2788, 2807, 2856, 
2881, 2893, 2894, 2904, 2905, 2944 

Atmosphere, Reflections from: 2788 
Atmospheric Absorption: 2894 
Atmospheric Refraction: 2894 
Attenuation: 2770 
Through Rain: 2770 

Broadcast: 2881 
Sky-Wave Signals: 2881 

Wave Propagation (Coned.) 
Recording: 2881 

Duct: 2780, 2856, 2894 
Low-Level: 2780 
Low Ocean: 2856 

Electronic Collisional Frequency: 2757 
Field Intensity: 2737, 2738 
Very-High-Frequency: 2737, 2738 

Free-Space: 2894 
Ground-Wave: 2894 
Ionosphere: 2757, 2905 
Electron Distribution: 2905 
Electronic Collisional Frequency: 2757 
Virtual Height: 2905 

Line-of-Sight: 2894 
Meteorological Conditions: 2944 
Microwave: 2780, 2807, 2856, 2894 
Duct: 2780, 2856 
Low-Level: 2780 

Over Ocean: 2780 
Refraction: 2780 
Wind Effects: 2807 

Navigation: 2762 
Error: 2762 

Over Ocean: 2856 
Duct: 2856 

Radar Reflections: 2788 
From Lower Atmosphere: 2788 

Rain, Effect on: 2770 
1.25 Centimeter Waves: 2770 

Ranges: 2737 
Co-Channel Interference-Limited: 2737 
Noise-Limited: 2737 

Recording: 2881 
Sky-Wave Signals: 2881 

Reflections, Atmospheric: 2788 
Refraction: 2894 
Research: 2893 
Office of Naval Research: 2893 

Sky-Wave Signals: 2881 
Recording: 2881 

Smooth-Earth Theory: 2894 
Sporadic-E Layer: 2786 
Tropospheric: 2708, 2894, 2904, 2944 
Beyond Horizon: 2807 
Beyond Line-of-Sight: 2807 
Index of Refraction: 2904 
Gradients: 2904 

Meteorological Conditions: 2944 
Refraction: 2807 

Ultra-High-Frequency: 2737, 2807, 2894 
Refraction: 2807 
Signal Ranges: 2737 

Very-High-Frequency: 2737, 2708, 2894, 
2944 

Field Intensity: 2737, 2738 
Meteorological Conditions: 2944 
Refraction: 2807 
Signal Range: 2737, 2738 
Tropospheric Reception: 2944 
Meteorological Conditions: 2944 

Wave Selector: 2919 
Waves: 2717 
Radar: 2717 

Wide-Band Amplifiers: 2729 
Capacitance-Coupled: 2729 

Wide-Band Tubes: 2734, 2735, 2736 
Traveling-Wave Tubes: 2734, 2735, 2736 

Winding: 2965 
Coils: 2965 
Universal: 2965 

X-Rays: 2755, 2801 
High-Intensity: 2755 
High-Speed: 2801 
Long-Wavelength: 2755 
1-Millionth-Second Radiography: 2801 
Source: 2755 



NONTECHNICAL INDEX 

Awards 
BROWDER J. THOMPSON MEMORIAL PRIZE-

1946 (Recipient) 
Dolph, Charles L. 
April, p. 382 
May, p. 501 

CANADIAN CIVIL SERVICE MEDAL-1947 
(Recipients) 

Rush, Walter A., and Workers of the Ra-
dio Branch of the National Research 
Council 

February, p. 190 
MORRIS LIEBMANN MEMORIAL PRIZE-1947 

(Recipients) 
Pierce, John R. 
April, p. 382 
May, p. 500 

Rose, Albert T. 
April, p. 382 
May, p. 500 

FELLOW AWARDS-1947 (Recipients) 
Adair, George P. 
April, p. 382 

Bayly, Benjamin de F. 
April, p. 382 

Beers, George L. 
April, p. 382 

Berkner, Lloyd V. 
April, p. 382 

Bowles, Edward L. 
April, p. 383 

Burnap, Robert S. 
April, p. 383 

Field, Robert F. 
April, p. 383 

Fink, Donald G. 
April, p. 383 

Hansen, William W. 
April, p. 383 

Hull, David R. 
April, p. 383 

Hunt, Fred V. 
April, p. 383 

Jansky, Karl G. 
April, p. 384 

Kell, Ray D. 
April, p. 3M 

Litton, Charles V. 
April, p. 384 

McRae, James W. 
April, p. 384 

Mouromtseff, Ilia E. 
April, p. 384 

Noble, Daniel Earl 
April, p. 384 

Noizeux, Pedro J. 
April, p. 384 

Page, Robert M. 
April, p. 385 

Pierce, John A. 
April, p. 385 

Pounsett, Frank H. R. 
April, p. 385 

Priest, Conan A. 
April, p. 385 

Salisbury, Winfield W. 
April, p. 385 

Watson-Watt, Sir Robert 
April, p. 385 

Wendell, Edward N. 
April, p. 385 

Committees 

Antennas 
February, p. 184 

Appointments—Report 
April, p. 394 

1946 Awards of the Television Broadcasters 
Association, Inc. 

January, p. 50 
Board of Directors 
December, p. 1519 

Board of Editors 
February, p. 184 

Circuits 
February, p. 184 

Convention Policy 
January, p. 50 

Editorial Administrative 
January, p. 50 

Executive Committee Meeting 
December, p. 1519 

Founders 
January, p. 50 

Institute 
July, pp. 702-704 
October, p. 1112 

International Liaison 
January, p. 50 

Meetings 
February, p. 184 

Minutes of Technical Meetings 
July, p. 699 

NAB and RMA 
February, p. 191 

National Convention--1947 
January, p. 50 

National Convention-1948 
September, p. 939 

Navigational Aids 
February, p. 184  ' 

Nuclear Studies 
September, p. 939 

Office Quarters 
January, p. 50 

Piezoelectric Crystals 
January, p. 50 

Planning 
April, p. 394 

Professional Recognition 
January, p. 50 

Research 
February, p. 184 

RMA Activities 
December, p. 1524 

RMA-Co-ordinating 
January, p. 50 

RMA-I.R.E. Correlating 
September, p. 945 

Standards 
February, p. 184 

Technical Appointments 
September, p. 939 

Television 
February, p. 184 

Constitution and Bylaws 

CONSTITUTION OF THE I.R.E. 
Amended as of August 15 
September, p. 940 

Constitutional Revision 
April, p. 381 

Proposed Constitutional Amendments 
Special Member Grade 
July, p. 695 

.Conventions and Meetings 

Administration of Research Conference 
December, p. 1520 

A.I.E.E. Pacific General Meeting 
June, p. 587 

Army Signal Association 
April, p. 394 

Broadcast Engineers Conference 
July, p. 701 

Chicago I.R.E. Conference 
March, p.336  
June, pp. 588-589 

Chicago Section Meeting 
April, p. 389 

Connecticut Valley Section Annual Meeting 
June, p. 587 

Electron-Tube Conference 
May, p. 498 
August, p. 798 

Georgia Radio Broadcast Engineering Insti-
tute 

March, p. 336 
Inter-American Broadcasters' Congress 

January, p. 50 
I.R.E. at International Telecommunications 

Conference 
July, p. 699 

I.R.E. National Convention-1947 
January, p. 49 

Committee Meetings 
February, p. 184 

Program and Highlights 
February, pp. 173-184 

Summaries of Technical Papers 
February, pp. 173-184 
May, pp. 499-502 

I.R.E.-U.R.S.I. Annual Meeting 
March, p. 336 
July, p. 700 

NAB Holds Engineering Conference and 
Roundtable 

December, p. 1520 
National Electronics Conference 

February, p. 192 
August, p. 798 
September, p. 945 

New England Radio Engineering Meeting 
Cruft Laboratory (Illustration) 
M.I.T. (Illustration) 
March, p. 336 
April, p. 386 

Report on New England Radio Engineering 
Meeting, May 17,1947 

August, p. 799 
Rochester Fall Meeting 

February, p. 185 
October, p. 1107 

Second Joint I.R.E.-U.R.S.I. Meeting 
October, p. 1107 

SMPE Semiannual Convention 
September, p. 945 

Spring Technical Conference Cincinnati Sec-
tion I.R.E. 

April, p. 389 
Report 
August, p. 800 

Technical Session 
February, p. 190 



West Coast I.R.E. Convention 
July, P. 700 

Program 
August, pp. 796-797 

San Francisco Bay Bridge (Illustration) 
September, p. 942 

San Francisco 
December, p 1520 

Editorials 
PitocEsnmos 

Baker, Walter R. G. 
A Message to the I.R.E. Membership 

from Its Board of Directors ' 
October, p. 1003 

Clement, Lewis M. 
Importance of Proper Engineering Organ-

ization to Industry 
August, p. 755 

Downes, Arthur 
Proper Presentation of Papers Before 

Technical Meetings 
March, p. 235 

Henncy, Keith 
Twelve Good Men and True 
July, p. 643 

Israel, Dorman D. 
The Position of the Engineer in our Post-

war Society 
May, p. 443 

King, Robert W. 
The Engineer and Science Legislation 
April, p. 339 

Potts, John H. 
Audio Aspects of Postwar Radio Engi-

neering 
December, p. 1494 

Roller, Duane 
What's in a Technical Name 
November, p. 1180 

Sarnoff, Brigadier General David 
Radio's Contribution to International 

Understanding 
February, p. 107 

Smith, H. F. 
Radio Jargon 
June, p. 547 

Stevens, S. S. 
The Human Factor in Machine Operation 
January, p. 2 

Terman, Frederick Emmons 
Science Legislation and National Progress 
September, p. 860 

WAVES AND ELECTRONS 
Adair, George P. 
Government and Industry 
October, p. 1118 

Chamberlain, A. B. 
Standards 
September, p. 950 

Graf, Alois W. 
Evolution 
August, p. 808 

Knowles, David J. 
Active Participation Versus Passive Ac-

tivity 
April, p. 398 

McKinley, D. W. R. 
P.I.C.A.O. and the Radio Engineer 
March, p. 294 

Mills, John 
The Industrial Scientist as Citizen 
June, p. 597 

Quarles, Lawrence R. 
The Problem of a Scattered Membership 
July, p. 711 

Sleeper, Milton B. 
The Need for Clear Terminology 
May, p. 508 

Election of Officers 
National Electronics Conference Officers 
June, P. 587 

New I.R.E. Officers 
January, p. 50 

New RTPB Officers 
October, p. 1107 

Nominations-1948 for Board of Directors 
Officers 

July, p. 699 

Front Covers 

Baker, W. R. G. 
January 

Complex Structure of Modern Higher-Fre-
quency Tubes 

New High-Power, Push-Pull Transmitting 
Tetrode with Total Plate Dissipation 
of 6000 Watts, for Television Trans-
mission and 

Frequency-Modulated L-Band Magnetron 
April 

Denny, Charles R. 
February 

Development of Direction-Finding Equip-
ment 

Novel Forms and Arrangements Appear 
in Long-Term Engineering Studies 

March 
Electrolytic Simulation of Cathode-Ray-

Tube Conditions 
November 

Electronic Timekeepr of High Precision 
August 

Electronic Traps to Snare Atomic Rays 
September 

Gargantuan Tube-Test Rack 
December 

Lack, Frederick R. 
February 

Llewellyn, F. B. 
President, 1946 
January 

Lockwood, Charles A., Jr. 
February 

Modern Frequency-Modulation Antenna 
Structure 
May 

Radio Laboratories Take to the Road 
July 

Telephone Service Takes to the Road 
October 

Television Synchronizing, Signal, and Con-
trol Equipment 

(Courtesy of Los Angeles Section of In-
stitu te) 

June 

Frontispieces 

PROCEEDINGS 

Ashbridge, Sir Noel 
August, p. 754 

Baker, W. R. G. 
January, p. 3 

Board of Directors 
April, 1947 

Brown, J. E. 
June, p. 546 

Crosby, Murray G. 
October, p. 1004 

de Forest, Lee 
July, p. 642 

Edison, Thomas A. 
February, p. 106 

Heising, Raymond A. 
November, p. 1179 

Israel, Dorman D. 
December, p. 1403 

Poppele, J. R. 
September, p. 859 

Royden, George T. 
March, p. 234 

Sections Representative at 1947 I.R.E. 
National Convention 

May, p. 442 

W AVES AND ELECTRONS 

Cimorelli, Joseph T. 
March, p. 293 

Graf, Alois W. 
July, p. 710 

Hunter, Theodore A. 
February, p. 193 

Keto, John E. 
November, p. 1344 

Knowles, David J. 
May, p. 507 

McKinley, Donald W. R. 
April, p. 397 

Metz, Henry I. 
October, p. 1117 

Quarles, Lawrence R. 
June, P. 596 

Officers: 
Dallas-Fort Worth Section 
December, p. 1531 

Philadelphia Section 
August, p. 807 

Princeton Subsection 
September, p. 949 

St. Louis Section 
January, p. 56 

Group Photographs 

Dr. Baker Presents the Browder J. Thomp-
son Memorial Prize for 1946 to Dr. 
Charles L. Dolph 

May, p. 501 
Dr. Baker Receives Certificate of Apprecia-

tion from Brigadier General Calvert H. 
Arnold 

March, p. 289 
Dr. W. R. G. Baker, President of the I.R.E., 

Presents the Morris Liebmann Memo-
rial Prize for 1946 to Dr. Albert Rose, 
and for 1947 to-Dr. John R. Pierce 

May, p. 500 
Banquet of the New England Radio Engi-

neering Meeting 
August, p. 799 

Broadcast Engineers Conference—six pic-
tures of engineers attending confer-
ence 

July, p. 701 

Chairman and Speakers at the Afternoon 
Session of the Conferences—Spring 
Technical Conferences 

August, p. 800 
Chairman and Speakers at the Morning 

Session of the Cincinnati Spring Tech-
nical Conference 

August, p. 800 
Chicago  I.R.E.  Conference  Committee 

Members 
June, p. 589 

Chicago I.R.E. Section Executive Com-
mittee Members 

June, p. 588 



Lewis M. Clement Addressing the Banquet 
of the Spring Technical Conferences, 
Cincinnati, Ohio 

August, p. 800 
Dr. Everitt Receives Fall Meeting Plaque 

(Rochester) 
February, p. 185 

Virgil Graham and R. A. Hackbusch at 
Rochester Fall Meeting 

February, p. 185 
Head Table at Press Luncheon, March 3, 

1947 
May, p. 499 

Head Table at RMA Annual Spring Meet-
ing Dinner, Hotel Syracuse, Syracuse, 
N.Y. 

July, p. 700 
Dr. Frederick B. Llewellyn, President, 1946, 

and Dr. Walter R. G. Baker, President, 
1947 

May, p. 501 
On Stage for the Opening Session of Chicago 

I.R.E. Section Meeting, Alois Graff; 
Ovid W. Eshbach, W. R. G. Baker, 
Robert E. Samuelson, William Jarzemb-
ski 

June, p. 589 

Industrial Engineering Notes 

September, p. 942 
October, p. 1108 
November, p. 1337 
December, p. 1521 

Institute of Radio Engineers 

Annual Report, June 7, 1947 
Canadian Council of I.R.E. Standing Com-

mittee "Membership and Admission 
Standards" 

December, p. 1521 
Fiscal Matters of the Interest to I.R.E. 

Membership 
March, p. 287 

Policy 
August, p. 795 

Memo to Members Acting as References 
August, p. 798 

Minutes of Institute Public Relations Com-
mittee Meeting 

September, p. 939 
Note from the Executive Secretary 

October, p. 1107 
Statement to the Membership Concerning 

Publication Plans and Problems 
September, p. 939 

Student Branches 
Board of Directors Approved Petitions 

of Student Branches 
April, p. 289 
June, p. 595 
August, p. 795 
September, p. 939 

Widened Scope of Institute Activities 
May, p. 498 

Laboratories 

General Electric "Electronics Park" 
January, p. 57 

National Bureau of Standards 
February, p. 194 

Murray Hill Laboratory, Bell Telephone 
Laboratories, Inc. 

November, p. 1345 
RCA Laboratories, Research Headquarters 
December, p. 1530 

Minutes of Technical Meetings 

Antennas 
April, p. 396 
June, p. 592 

Circuits 
June, p. 591 

Color Television 
August, p. 801 

Education Committee Meetings 
June, p. 593 

Electroacoustics 
June, p. 592 

Electron Tube Conference 
June, pp. 591-592 
July, p. 699 
August, p. 801 
October, p. 111 

Industrial Electronics 
August, p. 801 

Joint A.I.E.E.—I.R.E. Group for Co-
ordination of Electronic Definitions and 
Terms 

June, p. 593 
Modulation Systems 
February, p. 192 
June, p. 592 
October, p. 111 

Navigation Aids 
June, p. 591 

Piezoelectric Crystals 
October, p. 1111 

Radio Receivers 
April, p. 396 
June, p. 592 

Radio Transmitters 
June, p. 591, p. 593 
August, p. 801 
October, p. 1111 

Radio Wave Propagation and Utilization 
June, p. 592 
August, p. 801 

Railroad and Vehicular Communication 
June, p. 591 
August, p. 801 

Research 
June, p. 593 

R.M.A.—I.R.E. Co-ordination 
June, p. 593 

Standards 
June, p. 591 
October, p. 1111 

Subcommittee on "Power-Output High-
Vacuum Tubes" 

April, p. 396 
August, p. 801 
June, p. 595 

Television 
June, p. 503 

I.R.E. People 

Abel, A. E., April, p. 390 
Alexanderson, E. F. W., April, p. 391 
Baker, W. R. G., March, p. 289 
Barrow, W. L., November, p. 1342 
Barton, F. S., February, p. 186 
Battison, John H., November, p. 1343 
Bessemer, L. E., January, p. 53 
Bishop, Harold 0., May, p. 504 
Boekhoff, J. H., March, p. 289 
Caldwell, Philip G., September, p. 947 
Chubb, L. W., February, pp. 186-87 
Cotter, William F., April, p. 393 
Craft, L. M., January, p. 53 
Cumming, Laurence G., February, p. 186 
Cutting, Fulton, September, p. 948 
Davies, Gomer L., January, p. 53 

Davis, Chester L., December, p. 1527 
Dawson, Harry S., April, p. 392 
Dixon, Robert K., September, p. 948 
Doherty, W. H., December, p. 1526 
Dome, Arthur, November, p. 1342 
Dow, Jennings, B., August, p. 803 
Dunlap, Orrin E., Jr., December, p. 1527 
Ellefson, Bennett S., April, p. 391 
Ellis, William G., May, p. 504 
Emery, Willis Laurens, December, p. 1526 
Farel, Victor M., September, p. 947 
Feldt, Rudolf, November, p. 1342 
Frankart, William F., February, p. 187 
French, B. V. K., March, p. 292 
Glauber, John J., April, p. 392 
Gleason, Robert J., November, p. 1343 
Goldstein, Maxwell K., April, p. 390 
Graf, Alois W., January, p. 53 
Hayes, Albert E., Jr., December, p. 1527 
Hembrooke, Emil F., April, p. 392 
Hopkins, A. R., April, p. 393 
Houck, Harry W., February, p. 187 
Howard, L. W., March, p. 292 
Howard, Royal V., July, p. 709 
Hultgren, Ralph D., March, p. 292 
Israel, Dorman D., April, p. 390 
Jett, Ewell K., January, p. 53 
Johnson, James F., April, p. 393 
Kahn, Louis, March, p. 290 
Kendall, P. R., December, p. 1527 
Krueger, A. C., November, p. 1343 
Lack, Frederick R., March, p. 289 
Larson, Robert W., April, p. 392 
Lewis, C. M., April, p. 393 
Lubin, Samuel, March, p. 291 
McCoy, Robert E., May, p. 503 
Margolin, Joseph, November, p. 1342 
Marriner, A. W., November, p. 1342 
Metcalf, George F., August, p. 804 
Middlebrooks, James L., March, p. 292 
Miller, B. J., March, p. 289 
Miller, Donald M., July, p. 709 
Miller, John H., April, p. 392 
Minter, Jerry B., February, p. 187 
Mittelman, Eugene, July, p. 709 
Moseley, Thomas B., April, p. 392 
Muller, Fred, Sr., May, p. 503 
Norton, Kenneth A., April, p. 393 
Pacent, Louis Gerard, January, p. 53, April, 

p. 393 
Pannill, Charles J., September, p. 94S 
Pear, C. B., Jr., January, p. 53 
Penther, Carl J., February, p. 187 
Peters, G. 0., September, p. 947 
Pierce, Roger J., September, p. 948 
Poldolsky, Leon, January, p. 55 
Pray, G. Emerson, April, p. 393 
Quarles, Donald A., November, p. 1342 
Reber, Grote, November, .p. 1343 
Reed, P. B., December, p. 1527 
Reisman, Emil, April, p. 393 
Rennaker, Russell B., April, p. 391 
Richmond, Harold B., Spetember, p. 947 
Rietzke, E. H., September, p. 948 
Romnes, H. 1., April, p. 391 
Rosenberg, Stanley, December, p. 1527 
Sandretto, Peter C., February, p. 186, Sep-
tember, p. 947 

Scheldorf, M. W., December, p. 1526 
Schmitt, Otto H., June, p. 590 
Selgin, P. J., August, p. 803 
Shooley, Allen H., April, p. 390 
Simon, William C., May, p. 504 
Sloan, F. M., November, p. 1343 
Smith, Theodore A., January, p. 55 
Soria, Rudolfo M., December, p. 1526 
Southworth, George C., August, p. 803 



Steen, Jerome R., March, P. 291 
Stewart, Thomas E., Jr., December, p. 1527 
Stone, Ellery W., August, p. 804 
Sussman, Harry, April, p. 391 
Teasdale, Robert D., June, p. 590 
Terman, Frederick E., February, p. 187 
Trainer, Merrill A., June, p. 590 
Tuttle, W. N., January, p. 53 
Van Buren, John M., February, P. 187 
Watson-Watt, Sir Robert, April, p. 391 
Webster, Edward M., May, p. 504 
Weiss, Walter A., May, p. 504 
Wendell, E. N., September, p. 947 
Wensley, Roy, March, p. 290 
White, James F., August, p. 804 
Wiggins, A. M., August, p. 804 
Wyckoff, Harold 0., April, p. 390 
Young, Louis McComas, January, p. 54 
Youngblood, I. J., May, p. 504 
Zworykin, Vladimir K., June, p. 590 

Miscellaneous 
Advanced Work at Stanford University 
August, p. 795 

Air Force Day, August I, 1947, Announce-
ment by Major General Harold M. Mc-
Clelland 

August, p. 795 
Franklin Institute Receives New RCA 

Electron Microscope 
July, p. 700 

Industrial Engineering Notes 
September, pp. 942-943 
October, pp. 1108-1109 

International Congress Italian National Re-
search Council 

June, p. 595 
Invitation to I.R.E. Members Active in 

"Nucleonics" 
January, p. 50 

NAB Engineering Clinic 
September, p. 939 

National Electronics Conference Officers 
June, p. 587 

N. E. C. Proceedings Available 
June, p. 587 

New Engineering Foundation Officers 
January, p. 50 

N.D.R.C. Propagation Summary Report 
September, P. 945 

Patents, in the Public Domain 
April, p. 394 

Prospective Authors 
February, p. 191 

Reprints and Preprints Published by I.R.E. 
Radar by Edwin G. Schneider 

April, p. 395 
October, p. 1109 
Preparation and Publication of I.R.E. 
Papers by Helen M. Stote 

April, p. 395 
October, p. 1109 

The Presentation of Technical Develop-
ments before Professional Societies, by 
William L. Everitt 

April, P. 395 
October p. 1109 

Obituaries 
Beal, Ralph S. 
April, p. 394 

Persio, Louis N. 
October, p. 1107 

Report of the Secretary- 1946 
June, pp. 583-587 

Representatives in College 
July, p. 704 
October, p. 1114 

Representatives on Other Bodies 
February, p. 190 
April, p. 394. 
May, p. 498 
August, p. 795 
September, p. 945 

Sections 
GEOGRAPHIC 
Cedar Rapids 
Report on New Procedure 
April, p. 389 

Emporium 
Summer Seminar 
October, p. 1110 

Louisville 
Formation Approved 
October, p. 1107 

New Jersey 
Formation of Subsection 
December, p. 1520 

Princeton 
Petition for Sub-Section 
September p. 939 

Sacramento 
Petition 
May, p. 498 

San Francisco 
Approval of Sacramento Section Peti-

tion 
August, p. 795 

Syracuse 
Recommendation for Approval 
April, p. 389 

MISCELLANEOUS 
Canadian Council 
April, p. 394 

Chairman and Secretaries 
January, pp. 54-55 
July, pp. 705-706 
September, p. 944 
October, p. 1115 

Section Officers Listing 
August, pp. 802-803 

Standards— I.R.E. 

Television Standard, "Standards on Tele-
vision: Methods of Testing Television 
Transmitters-1947" 

June, p. 581 

Write-Ups 

Brigadier-General David Sarnoff Talks on 
"The Past and Future of Radio" 

May, p. 498 
Dr. W. R. G. Baker Talks on The Institute 

and the Industry at the Rochester Fall 
Meeting 

February, p. 192 
Popov Medal 
Information on Requirements for Win-

ning This Medal, Entry Dates, etc. 
April, p. 394 

Radio Contributions to Airplane Guidance, 
Talk by W. L. Webb on "Toward Safe 
and Automatic Flight"  • 

February, p. 191 



Back Copies 
The Institute endeavors to keep on hand a supply of 

back copies of the PROCEEDINGS for sale for the con-
venience of those who do not have complete files. How-
ever, some issues are out of print and cannot be pro-
vided. 
All available back issues of the PROCEEDINGS OF THE 

1913 Vol. 1  January (a reprint) 

1916 Vol. 4 
1917  Vol. 5 
1918 Vol. 6 
1919 Vol. 7 
1920 Vol. 8 
1921 Vol. 9 

1927  Vol. 15 
1928 Vol. 16 
1929 Vol. 17 
1930 Vol. 18 
1931 Vol. 19 
1932 Vol. 20 

I.R.E. are priced at $1.50 per copy to individual non-
members; $1.10 per copy to public libraries, colleges, 
and subscription agencies; and $1.00 per copy to Insti-
tute members. Price includes postage in the United 
States and Canada; postage to other countries is ten 

cents per copy additional. 

1913-1915  Volumes 1-3  Quarterly 
1914 Vol. 2  No copies in stock 

1915  Vol. 3  No copies in stock 

1916-1926 

No copies in stock 
No copies in stock 
No copies in stock 
No copies in stock 
April, June, August, October, December 
All 6 issues 

Volumes 4-14  Bimonthly. 

1922 Vol. 10 All 6 issues 
1923 Vol. 11  February, April, August, October, December 
1924 Vol. 12  August, October, December 
1925 Vol. 13 April, June, August, October, December 
1926 Vol. 14 All 6 issues 

1927-1938  Volumes 15-26  Monthly 

May, June, July, October, December 
February to December, inc. 
April, May, June, November 
April to December, inc. 
January to November, inc. 
January, March to December, inc. 

1933 Vol. 21 
1934 Vol. 22 
1935 Vol. 23 
1936 Vol. 24 
1937  Vol. 25 
1938 Vol. 26 

All 12 issues 
All 12 issues 
All 12 issues 
January to March, inc. 
February to December, inc. 
All 12 issues 

1939-1947  Volumes 27-35  Monthly 

New Format—Large Size 
1939 Vol. 27 January to March, inc., N1ay, August, December  1943  Vol. 31  February to December, inc. 
1940 Vol. 28  All 12 issues  1944 Vol. 32  January, February, August to December, inc. 
1941  Vol. 29  All 12 issues  1945  Vol. 33  January to March, inc., May, June, December 
1942  Vol. 30 January, October to December, inc.  1946 Vol. 34  February, May to December, inc. 

1947 Vol. 35  January to June, inc., November, December 

Proceedings Binders 

Sturdy binders of blue Spanish-grain fabricoid with 
gold lettering, which will serve either as temporary 
transfers or as permanent holders for the PROCEEDINGS, 
may be obtained in the large size only (1939 to date) at 

the following prices: $2.50 for plain; $3.00 for Vol. No. 
or year, or your name imprinted; $3.50 for Vol. No. and 
name imprinted. Postage is prepaid in United States or 
Canada; postage to other countries, 50 cents additional 

Membership Emblems 

The I.R.E. emblem is available to members in three 
useful forms; the lapel button, the pin, and the watch 
charm. Each is of 14-karat gold, enameled in color to 

designate the grade of membership. 
Background Color 
Gold 
Dark Blue 
Light Blue 
Maroon 
Green 

Grade 
Fellow 
Senior Member 
Member 
Associate 
Student 

The lapel button has a screw back with jaws which 
grip the cloth of the coat. These are priced at $3.00 
each. The pin, at $3.50 each, is provided with a safety 
catch. The watch charm, enameled on both sides and 
equipped with a suspension ring for attaching to a 
watch charm or fob, is $5.50. 
Prices on emblems are the same for all grades of 

membership and include Federal tax, postage, and 
insurance or registered-mail fee. 

Remittance should accompany your order. 
Please do not send cash except by registered mail. 

THE INSTITUTE OF RADIO ENGINEERS INC. 
1 East 79 Street, New York 21, N. Y. 



Current I.R.E. Standards 
In addition to the material published in the PROCEEDINGS OF THE I.R.E., Standards on various subjects 

have been printed. These are available at the prices listed below. 

Price 

1) Standards on Electroacoustics, 1938 Defini-
tions of Terms, Letter and Graphical Sym-
bols, Methods of Testing Loud Speakers. 

(vi+37 pages, 6X9 inches)   $0.50 

2a) Standards on Electronics: Definitions of 
Terms, Symbols, 1938. 

A Reprint (1943) of the like-named section of "Stand-
ards on Electronics, 1938." (viii +8 pages, 84 x 11 inches)  $0.20 

2b) Standards On Electronics: Methods of Test-
ing Vacuum Tubes, 1938. 

A Reprint (1943) of the like-named section of "Stand-
ards on Electronics, 1938." (viii+8 pages, 84 x 11 
inches)   $0 . 50 

3a) Standards on Transmitters and Antennas: 
Definitions of Terms, 1938. 

A Reprint (1942) of the like-named section of "Stand-
ards on Transmitters and Antennas, 1938." (vi+10 
pages, 84x  11 inches)   $0.20 

3b) Standards on Transmitters and Antennas: 
Methods of Testing, 1938. 

A Reprint (1942) of the like-named section of "Stand-
ards on Transmitters and Antennas, 1938." (vi+10 
pages, 84 x 11 inches)   $0.50 

4a) Standards on Radio Receivers: Definitions 
of Terms, 1938. 

A Reprint (1942) of the like-named section of "Stand-
ards on Radio Receivers, 1938." (vi +6 pages, 84 x 11 
inches)   

4b) Standards on Radio Receivers: Methods 
of Testing Broadcast Radio Receivers, 
1938. 

A Reprint (1942) of the like-named section of "Stand-
ards on Radio Receivers, 1938." (vi +20 pages, 84 x 11 
inches)   

4c) Standards on Radio Receivers: Methods of 
Testing Frequency-Modulation  Broadcast 
Receivers, 1947. 

(vi+15 pages, 84 x 11 inches)   

5a) Standards on Radio Wave Propagation: 
Definitions of Terms, 1942. 

(vi +8 pages, 84x 11 inches)   

5b) Standards on Radio Wave Propagation: 
Measuring Methods, 1942. 

Methods of Measuring Radio Field Intensity, Methods 
of Measuring Power Radiated from an Antenna, Meth-
o(ls of Measuring Noise Field Intensity. (vi+16 pages, 
84 x 11 inches)   $0.50 

5c) Standards on Radio Wave Propagation: 
Definitions of Terms Relating to Guided 
Waves, 1945. 

(iv+4 pages, 84 x 11 inches)   

6a) Standard on Facsimile: Definitions of Terms, 
1942. 

(vi + 6 pages, 84 x 11 inches)   

6b) Standards on Facsimile: Temporary Test 
Standards, 1943. 

iv+8 pages, 84 x 11 inches)   

7) Standards on Piezoelectric Crystals: Recom-
mended Terminology, 1945  

iv+4 pages, 84 x 11 inches)   

$0.20  Television Transmitters, 1947. 
(i+18 pages, 84 x 11 inches)   $0 

Normas Sobre Receptors de Radio, 1938.* 
A Spanish-language translation of "Standards on Radio 
Receivers, 1938," by the Buenos Aires Section of the 
Institute of Radio Engineers. (vii+64 pages, 6 x 9 

$0.50  inches)  Two Argentine Pesos (Postpaid) 

• Not carried in stock at I.R.E. Headquarters in New 
York. Obtainable only from Senor Domingo Arb6, Editor 
of Revista Telegrafica, Peru, 165, Buenos Aires, Argen-

$0 .50  tina. 

Price 

$0.20 

$0.20 

$0.20 

$0.20 

8) Standards on Television: Methods of Testing 

ASA STANDARDS 
(Sponsored by the I.R.E.) 

ASA1) American Standard: Standard Vacuum-
Tube Base and Socket Dimensions. 

(ASA C16.2-1939.) (8 pages, 74 x 101 inches)   $0.20 

ASA2) American  Standard:  Manufacturing 
Standards Applying to Broadcast Re-
ceivers. 

(ASA C16 3-1939.) (16 pages, 74 x 104 inches)  • 

ASA3) American Standard: Loudspeaker Test-
ing. 

(ASA C16.4-1942.) (12 pages, 74 x 101 inches)   Su 

ASA4) American Standard: Volume Measure-
ments of Electrical Speech and Pro-
gram Waves. 

$0.20  (ASA C16.5-1942.) (8 pages, 74 x 101 inches) 

PRICES ARE NET AND INCLUDE POSTAGE TO ANY COUNTRY. 
INCLUDE REMITTANCE WITH ORDER AND ADDRESS. 

THE INSTITUTE OF RADIO ENGINEERS, INC. 
1 East 79 Street, New York 21, N. Y. 

$0.20 

it 



I COMMUNICATIONS .fr 
r 

TYPE 
4-1000A 

TYPE 4.1000A 

ELECTRICAL CHARACTERISTICS 

Filament: Thoriated tungsten 
Voltage  •  -  -  -  7.5  volts 
Current  - - - - - 21 amperes 

Grid-Screen Amplification Factor (Average) 7.2 

Direct Interelectrode Capacitances (Average) 

Grid-Plate (without shielding, base 
grounded)  -  0 24 ,uufd 

Input  27.2 uufd 
Output  7.6 mufd 

Transconductance (i, . 300 ma 

2500 v., E, -=-•  500 v.)  - 10,000 ,umhos 

RADIO FREQUENCY PO WER AMPLIFIER 
AND OSCILLATOR 

Class-C Telegraphy 
(Key-down conditions. 

MAXIMUM RATINGS 
D-C Plate Voltage - 
D-C Screen Voltage 
D-C Grid Voltage - 
D-C Plate Current - 
Plate Dissipation  - 
Screen Dissipation - 
Grid Dissipation  • 

TYPICAL OPERATION 

(Frequencies below 40 

D-C Plate Voltage  - 
D-C Screen Voltage - 
D•C Grid Voltage  - 
D-C Plate Current - 
D-C Screen Current - 
D-C Grid Current  - 
Screen Dissipation  - 
Grid Dissipation  - 
Peak R-F Grid Input Voltag 

(approx.)  -  - 
Driving Power (approx.) - 
Plate Power Input  -  - 
Plate Dissipation  - 
Plate Power Output - 

BROADCAST AM & FM 

per tube) 

Mc.) 

—5006000  700  6.4,,AM xxx Volts 
1000  Volts t, st s 
1000 ,..4M an.a  VoltsW a  

Watts 75 Max. Watts 
25  Max' 

ts _6 65021 0008400011 Vol r Voltsnmaa 

Volts 

41 ma 
71 Watts 
6 1   Watts 

)48 Volts 
43 Watts 
4086 Watts 
746 Watts 
3340 Watts 

Follow the Leaders to 

WITH 

INDUSTRIAL AUDIO 

OUTPUT 
31(. 
14 WATTS DRIVE 

Workhorse for communicatio  and 

ns  industry the , 
rece ntly announced type  4-1000A is 

largest of Eimac radiati on cooled power  tetrodes.  Hi gh power-g presently the  

ain capabilities, on th e order of 230  
times, fit the tube to applications requiring high 
pow er output with low driving  power needs. 

The tube has been ruggedly designed to withstan d 
the abuse  of  the most severe application and ab-
nor mal overload.  Eimac "know how" of  vacuum 
tube design provides long life expectanc  

plifying  associated  circuit  d of the 
- all  economy of operation. Virtu al isolationy and over  

in put and output circuits has been achieved, sim-

esign. Short, low-induc-tance leads, Eimac's no n-emitting grids , and rugged 
Plate impart a high  degree of operational stability. 

High efficien cy may be m aintained well into the 
vhf, above 110-Mc. As an example, two into 

op-
ful out put power at 110-Mc. 
erating we/I within ratings, have provided 5 kw use 

As a function al accessory, a unique socket de sign to 
assist in adequate coo/ing is available. Illustrated 
below is the com piete unit and a diagram indicating 
the control of air-flow past. the terminals, base seals, 

arou nd the envelope and to included 'te  pla te seal. The 
pyrex glass  chimney is with each socket. 

Export Agents: F aaaaa & Hansen, 301 Clay Street. 
Sin FrAnds,o, 11, C411forni4 

EITEL- McCULLOUGH, Inc., 185 San Mateo Avenue, San Bruno, California 
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You get these 3 FM Watchmen 
in Western Electric transmitters only 

FREQUENCY WATCHMAN 

All Western Electric FM transmitters 
are kept constantly on their assigned 
frequencies by the Frequency Watch-
man—a simple, fool-proof, automatic 
device sensitive to the slightest fre-
quency deviation. With this watch-
man or guard, stability of the trans-
mitter is governed by the stability of 
a low temperature coefficient crystal, 
which varies less than 25 cycles per 
million in the temperature range of 
from 400 to 130° F. 

POWER AND IMPEDANCE WATCHMAN 

The new RF Wattmeter and Impe-
dance Monitor is available exclusive-
ly in Western Electric FM transmit-
ters. It makes possible—for the first 
time—accurate, direct indication of 
the actual R. F. power in kilowatts 
fed into your antenna system—plus 
a simple method of measuring stand-
ing wave ratio under full power out-
put. Supplied as standard equiprittnt 
with all transmitters of 3 kw and up. 

ARC-BACK WATCHMAN 

l'ermits realization of the full life of 
each rectifier tube. By indicating ex-
actly which tube has reached the end 
of its reliable service life, this watch-
man makes it possible to replace a 
worn out or faulty tube with the pre-
heated spare and be back on the air 
—with assurance—in a few seconds. 

FOR FURTHER DETAILS about the 3 
FM Watchmen and Western Electric's new 
line of FM transmitters, adl your local 
Graybar Broadcast Representative or write 
Graybar Electric Company, 420 Lexington 
Ave., New York 17, N. Y. 

Western Electric 
QUALITY COUNTS 

34A PROCEEDINGS OF TIIE I.R.E. December, 1947 



ATLANTA 

'Transient Response of Compensated Video 
Interstages," by C. E. Durkee, Georgia School of 
Technology; September 6, 1947. 

BALTIMORE 

'A Plan for National Radio Coverage,' by J• H 
De Witt. Jr., Clear Channel Broadcasting Service; 
October 28, 1947. 

BOSTON 

'Commercial  Applications  of  Radioactive 

Isotopes." by D. W. Atchley, A. Schreiber, and R. 
P Ghelardi, Tracerlab, Inc. October 23, 1947. 

BUFFALO-NIAGARA 

'Personal Experiences at Bikini,' by K. D. 
Swartzel, Cornell Aeronautical Laboratories; Octo-
ber 16, 1947. 

CEDAR RAPIDS 

'Modern Air Navigation Systems,' by F. L. 
Moseley, Collins Radio Company; September 26, 
1947. 

CHICAGO 

'Cathode Follower Television Antenna,' by G. 
Hills, Belmont Radio Corporation; September 19. 
1947. 

'Optical Problems in Television,' by G. K. 
Schnable, The Rauland Corporation; September 19, 
1947. 

CINCINNATI 

'A Viscous Termination Crystal Pickup.' by T. 
E. Lynch, Brush Development Company; October 
21, 1947. 

CLEVELAND 

'The Development of the BBC Overseas and 
European Service During World War 11,' by L. W. 
Hayes, British Broadcasting Company; October 2, 
1947. 

'Television Receiver Design,' by H. Bass, 
Crosley Division, Avco Manufacturing Corpora-
tion ; October 23, 1947. 

Com/mat:5 

'Future Plans of the IR E.,' by W. R. G. 
Baker, President, The Institute of Radio Engineers; 
September 11, 1947. 

CONNECTICUT VALLEY 

'Dynamic Noise Suppression,' by H. H. Scott. 
Herman Hosmer Scott, Inc.; October 16, 1947. 

• 

DALLAS-FORT W ORTH 

'Design of High-Fidelity Phonograph Pickup 
Circuits," by E. J. O'Brien, Southern Methodist 
University; September 18, 1947. 

'The Klipschorn Loud Speaker.' by P. W 
Klipsch, Klipsch and Associates; October 15, 1947: 

DAYTON 

"Communication Equipment for the Transpor-
tation Industry." by G. B. Saviers, Westinghouse 
Electric Corporation; October 9, 1947. 

HOUSTON 

'Instrumentation in Electrical Well Logging,' 
by W. B. Steward, Schiumberger Oil Well Logging 

Company; October IS. 1947. 

KANSAS CITY 

'The Resnatron," by W. W Salisbury, Collins 

Radio Company; May 13.1947. 
'New Methods for the Accurate Determination 

of Moisture.' by C. N. Kimball, C. J. Patterson 
Company; September 24, 1947. 

LONDON  (CANADA) 

'Trials of V-2 Bombs at White Sands, New 
Mexico,' by S/L R. I,. Moony, Royal Canadian Air 

Force; October 3, 1947. 
(Continued on page 364) 
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CT DUPLICATION  
—an important 

advantage of 

5. 5. WHITE FLEXIBLE SHAFTS 
Success of a flexible shaft application depends principally on 
selecting the right shaft for the job—the shaft that has the right 
combination of characteristics to meet the conditions and require-

ments of the particular application. 
Once this is done and the application goes into production, its 

continued success depends on getting shafts from the supplier which 
are "carbon copies" of the original in characteristics. 
When you use S.S.White flexible shafts you can count on exact 

duplication because: 
I. Special machines, developed by S.S.White engineers faith-

fully reproduce specified characteristics in every foot of the given 
shafting for which they are set. 
2. S.S.White's basic policy of strict adherence to original speci-

fications. No change is ever made in grade of wire or construction 
without the full knowledge and 
approval of the user. 
This assurance of exact du-

plication is one of the big rea-
sons why so many flexible shaft 
users have found it pays to get 
their shafts from S.S.White. 

• 

S.S.White flexible shafts for radio 
and  other  remote  controls  are 
widely favored because they have 
special characteristics which  pro-
vide smooth, easy, sensitive tuning. 
Exact duplication in the production 
of these shafts assures these quali-
ties in every properly made appli-
cation. 

FREE TO ENGINEERS —THIS 260-PAGE 

FLEXIBLE SHAFT HANDBOOK 

Contains full information and technical data about 

flexible shafts and how to select and apply them. 
Copy free, if you write for it on your business 
letterhead and mention your position. 

S.S.WHITEINDUSTRIAL 
THE S. S. WHITE DENTAL MFG. CO.  DIVISION 

DEPT. G 10 LAST 40 th ST.. NEW YORK 16. 
111 44444 04•11%  •  44444 %14/a1 1001%  •  11.10C11•11 •CCI11 01011, 

S•0•11  •N0 0.111 0140 10 01%  •  1,1(141%. /0 0•10• •02.1.% 

AR OUND ” 101 0•11  •  "%AI M *noway's,  • C 010 .C1 11."111C% M 0101040 

ate ojAl.fterteaa A.4A4 Tgettlilllizil Eger/014W 
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alliee the alat defisa uscon self-supporting 

Roctio Tower serves 
OPAAVI A  

• This Truscon self-

supporting tower, 300 

feet high, supports an 

FM antenna used by 

the KB JY Police 

Radio Station at Omaha, and is 

needs in the State of Nebraska. 
one of many serving police 

There are Truscon Radio Towers in almost ever state in the 

Union, and in many countries overseas. To meet varying 

conditions and requirements in these many installations, 

Truscon Radio Towers are available in guyed or self-support-

ing types, either tapered or uniform cross section, and can be 

built to any height for AM or FM service. 

Truscon engineering consultation is yours without obligation. 

Write or phone our home office at Youngstown, Ohio or any 

of our numerous and conveniently located district sales offices. 

TRUSCON STEEL COMPANY 
YOUNGSTO WN 1, OHIO 

Subsidiary of Republic Steel Corporat on 

Manufacturers of a Complete 

Line of Self-Supporting Radio 

Towers ... Uniform Cross. 

Section Guyed Radio Towers 

... Copper Mesh Ground Screen 

...Steel Building Products. 

,,,ilutura from page 1541 

Los ANGELES 

'induction Heating Equipment and Applies. 
done,' by E. S. Winiund, Radio Corporation of 
America; October 21.1947.  I 

'Experience, with Dielectric Heating,' by D. 
P. Whitacre, Sr., Vetric, Inc.; October 21, 1947. 

'Electronic Methods of Gauging,' by R. L. 
Sink. Consolidated Eng. Corporation; October 21, 
1947. 

Loo m/l ug 

Election of Officers, September 5, 1947. 
New Instruments for Radio and Electrical 

Measurements.• by I. G. Easton, General Radio 
Company; October 29, 1947. 

MONTREAL 

"Radar and Microwaves," by J. 0. Perrin.. 
American Telephone and Telegraph  Company; 
October 1, 1947. 

'Stormy Weather,' by J. S. Marshall. McGill 
University; October 8, 1947. 

NORTH CAROLINA-VIRGINIA 

'A New Radio-Frequency Bridge for F. M. 
by I. G. Easton, General Radio Company; October 
17. 1947. 

OTTAWA 

'Problems Involved in High-Fidelity Repro-
duction of Music,' by J. E. Breeze, National Re-
search Council; October 9, 1947. 

'Measurement of Time,' by J. P. }tendering. 
Dominion Observatory; October 30, 1947. 

PHILADELPHIA 

'Viewing Screens for Projection Television R4 
ceivers,' by W. E. Bradley,_Philca Corporation; 
October 2, 1947. 

PITTSBURGH 

'Stabilizers and Servo' Mechanisms,' by C. R. 
Hanna.  Westinghouse  Research  Laboratories; 
September 8. 1947. 

PORTLAND 

'Television and Microwave Research,' by J. 
W. McRae, Bell Telephone Laboratories, Inc.; 
Ocober 2, 1947. 

PRINCETON 

'Surmises on At'amic Energy Development.' 
by A. N. Goldsmith, Consulting Engineer and 
Editor, the PROCEEDINGS OF THE IR E.; October 9, 
1947. 

Roams = 

'Instrumentation for Bikini Bomb Tests.' by 
K. Swartzell, Cornell Aeronautical Laboratories; 
October 16. 1947. 

SACRAMENTO 

'Frequency-Modulation Receivers,' by W. E. 
Evans. Jr., McClatchy Broadcasting Company, 
October 20, 1947, 

ST. LOUIS 

'Proximity Fuze,' by F. W. Bubb, Jr., Wash-
ington University; October 23, 1947. 

SAN DIEGO 

'U.H.F. Measurement Techniques,' by R. A. 
Sodennan, General Radio Company; October 1, 
1947. 

SYRACUSE 

'Highway Mobile Telephone Service.' by D. 
Dewire, New York Telephone Company; October 3. 
1947. 

(Continued on pope 38A) 

36A PROCEEDINGS OF THE I.R.E.  December, 1947 



MARION METER 
SPECIALS... 

SIGN POSTS OF 

. . . Selected by BOONTON Radio Corp. Engineers for 

Their New Type 202-B FM SIGNAL GENERATOR. 

The Boonton Radio Corporation, manufacturers of 
fine electronic test equipment, selected Marion to design 
and create two "special" meters for their new FM Signal 
Generator. One of these Marion "specials" is used for 

indicating modulation, another as an RF monitor. 

The Marion Modulation Meter provides three scales, 
0-80 kc. deviation in 5 kc. increments, 0-240 kc. deviation 
in 10 kc. increments and a 0-50% amplitude modulation, 
with calibration marks at 30 and 50%. The Marion RF 
Monitor Meter is used to standardize the power level of 
the last RF amplifier stage. Both of these "specials" are 
hermetically sealed and electro-statically shielded to insure 
precision performance despite humidity, dust and other 
disturbing external factors. Both meters fulfill the need 
for high torque-to-weight ratio and extremely low pivot 
roll ... accomplished by the use of Alnico V Magnets and 

Osmium Iridium Alloy Pivots. 

As in this case, close co-operation between manufacturer 
and Marion brings optimum results. An instrument such as 
the 202-B FM Generator, which meets the rigid require-
ments set forth by leading FM and television engineers 
throughout the country, is the result of this type of co-

operation. 

Let MARION Solve Your 
"Special Instrument" Problem 

Quickly...Economically...Accurately! 

There's A MARION METER 

For  Your  Require ments 

For standard requirements you'll find a meter 

to fit your needs in our complete line of electrical 

indicating instruments. Marion Glass-to-Metal 

Truly Hermetically Sealed Instruments are a 

feature of our standard line . . . cost no more 

than most unsealed meters • . . are 100% guaran-

teed. 

The Name "MARION" Means the 

Write TODAY for comftlete information. 

"MOST" in Meters 

MARI ON ELECTRICAL 
INSTRU ME NT  CO MPA NY 

Manchester, Ne w  Ha mpshire 
EXPORT  DIVISION  WI  BROAD WAY  NE W  YORK S A  CABLES  NIORNANEx 

IN  CANADA:  THE 
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H ere's a new mounting for forced-air-
cooled power tubes that will help you 
cut equipment costs. (The insulator sec-
tion is made of "Pyrex" Brand glass.) 
As this part now lends itself better to 
mass-production methods than previous-
ly available ceramic types, we are able 
to pass along substantial savings to you. 
Most important, it's better dielectric-

ally . . . easily withstands any thermal 
or r-f temperature encountered in nor-
mal service . . . is only half the weight, 
yet has higher compression strength per 
cubic inch. The transparent, high-qual-
ity glass makes it easier to inspect; you 

IMMEDIATE DELIVERY . . . 

Something new in 
tube mounting! 
• Lighter 

• More economical 
• Better looking 

•••414keettn 

41Pt li ft 
.114 11111111he 

are assured of perfect mounts every time. 

Standardized...performance proved: 

RCA tube mounts and water jackets are 
complete, performance tested, ready to 
use. You save designing costs. Many tube 
and equipment manufacturers have 
found it advantageous to order these 
cooling devices for direct resale to their 
customers or to incorporate them in 
their own products. 

Compact ... efficient: Take little space 
. . . permit easy insertion and removal 
of tubes without loss of head room. 
Tubes stay cooler, last longer. 

on most forced air mounts and on all water jackets 

in quantities from 1 to 300, with larger orders delivered on fast schedule. 

TI ME M OUNTS A ND ACCESSORIES SECT/ON 

RADIO CORPORATIO N of A MERICA 
ENGINEERING PRODUCTS DEPARTMENT. CA MDEN. N. J. 

In Canada: RCA VICTOR Cornpany limited, Montreal 

Check your tube types for free data and prices 

Tube Mounts and Accessories Section, Radio Corporation of America 
Boa 67L, Camden, N.J. 

Please send me information and price, on jacket. and mounts for the follownig tubes: 

WATER-COOLED 
[j] 9C21  1111862A 

207  [1880 

D 858  1111889 

3891A  I 
892A 

•  893A 

• 898A 

Name   

AIR-COOLED 
7C24 

9C22  E 9C26 

9C25  El 889R 

891R 

892R 

893A-R 

Company   

Street Address   

City  Zone  State   

IN 
IS 

a 

a 
soa  ramiriMiariarMaGmarie• Nonsaaam• amait•MUM•111•11/1111MIE NO  IIIINN ONNI MIIIN 

(Continued from page 364) 

TORONTO 

'Canadian National Exhibition Sound Sys. 
tern,' by J. R. Bain, Northern Electric Company; 
October 6, 1947. 

'Tasks for the Radio Engineer in Communica-
tion for the Army in the Field,' by Col. A. E. 
Wrinch, Royal Canadian Corps Signals; October 27, 
1947. 

TWIN CITIES 

'Solar Radiation and its Effect Upon Power 
Transmission and Radio Communication,' by J. T. 
Wilson, Allis-Chalmers Company; October 9, 1947. 

WASHINGTON 

"Cosmic Radio Noise,' by J. W. Herbstreit, 
National Bureau of Standards; October 13, 1947. 

WILLIAMSPORT 

'Considerations in High-Fidelity Transformers 
and Amplifier Design,' by I.. Walsh, Dinion Coil 
Company, Inc.; October 8, 1947. 

Election of new Chairman; October 8, 1947. 

SUBSECTIONS 

HAMILTON 

'Frequency Modulation,' by B. Graham, 
Sparton of Canada; September 22, 1947. 

'I.R.E. Activities,' by F. R. Pounsett, Strom-
berg Carlson; October 20, 1947. 

URBANA 

'Registration of Professional Engineers,' by T 
C. Shedd, State of Illinois; April 24, 1947. 

'High-Frequency Welding—A New Tool—A 
New Use for Electronics,' by W. N. Parker, Radio 
Corporation of America; May 6, 1947. 

STUDENT 
BRANCH 

MEETINGS 

UNIVERSITY OF ALBERTA, I.R.E. BRANCH 

'Magic of Flourescence, "Railroading," moving 
pictures; Reading of Model Constitution; October 
22, 1947. 

UNIVERSITY OF CALIFORNIA, 1.R.E. — 
A.I.E.E. BRANCH 

'The Engineer and his Professional Society," by 
B. E. Shackelford, President-Elect of I.R.E.; Sep-
tember 25, 1947. 

KANSAS STATE COLLEGE, I.R.E. BRANCH 

Election of Officers and Adopting of Constitu-
tion; October 2, 1947. 

UNIVERSITY OF MICHIGAN, I.R.E. — 
A.I.E.E. BRANCH 

'Magnetic Recording,' by J. S. Kemp. Armour 
Research Foundation; Contest for Best Student 
Papers Announced; Demonstration of Wire and 
Tape Recorders, by R. Hammer, student; October 
15, 1947. 

COLLEGE OF THE CITY OF NEW YORE, 
I.R.E. BRANCH 

'Student Membership in the I.R.E.,' by F. B. 
Llewellyn, Junior Past President of I.R.E.; October 
7. 1947. 

(Continued on page 404) 

PROCEEDINGS OF THE I.R.E.  December, 1947 38A 



FREE! This easy-to-read booklet that can 
save money—real money—for 
every radio engineer and elec-
tronics manufacturer! 

Clip this coupon—Mail it today! 
(Ask your core manufacturer — he's an authority 
on the use of G.A.&F. Carbonyl Iron Powders.) 

"Gee, Bill, this free G.A.&F. booklet sure is a knockout. 

Look—it shows that SF Carbonyl Iron Powder is a nat-

ural for permeability tuning of the FM band. How it 

gives you remarkably low losses and uniformity. And 

excellent electrical and temperature stability, too! Some-

thing to take advantage of, eh?" 

carbonyl iron powders 
An Antara Product of 

General Aniline & Film Corporation 

General Aniline & Film Corporation 
Special Products Sales Division, Dept. 123 
444 Madison Ave., New York 22, N. Y. 
Please send me a free copy of: 

o G.A.&F. Carbonyl Iron Powders  0 Polectron dielectrics 

Name   

Address   
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'Practical Coll Design," by Ben Yelsay, Presi-
dent of Coil Winders, Inc.; October 14, 1947. 

"Electroencephalographic Technique.• by W. G. 
Egan, formerly, Walter Reed General Hospital; 
Discussion of Work Project on War Surplus Elec, 
tronic Equipment in Conjunction with Electrical 
Engineering Department; October 21, 1947. 

NE W YORK UNIVERSITY, I.R.E. BRANCH 

Election of Officers; October 17, 1947. 

NORTH CAROLINA STATE COLLEGE, IRE. BRANCH 

"Carrier Circuits," by B. 0. Jenkins. Communi-
cations Engineer, Carolina Power and Light Com-
pany; October 15, 1947. 
Adoption of Constitution; October 29. 1947. 

RUTGERS UrrivEsstrv,  BRANCH 

"Advantages of Joining Engineering Societies," 
by E. C. Plant. Public Service Electric Company; 
October 7, 1947. 
Adoption of Constitution and Announcement of 

Program Committee Members; October 14, 1947. 

STANFORD UNIVERSITY, I.R. E.— A.I. E. E. BRANCH 

"Metal Locating Devices." by G. R. Fisher, 
Head of Fisher Research Laboratory; Eledion of 
Corresponding Secretaries; October 22, 1947. 

UNIVERSITY OP TEXAS, 1.R.E. —A.I.E.E. BRANCH 

"The National and Local Organizations of 
IRE.," by W. E. Gordan, Associate Director of 
E.E.R.L.; 'Engineer and the A.I.E.E.." by Sam 
Friedsam, Chairman of South Texas Section of 
A.I.E.E.; "The local A.I.E.E.," by W. R. Warren, 
Member of A.I.E.E.  Committee on Student 
Branches; September 30, 1947. 

UNIVERSITY OP UTAH, I.R.E.— A.I.E.E. BRANCH 

'Student Branch Organization and Business.' 
by G. M. Waterfall, Chairman; Appointment of 
Committee Chairmen: October 21 1947. 

The following transfers and admissions 
were approved on November 11, 1947; to 
be effective as of December 1, 1947: 

Transfer to Senior Member 
Baracket, A. J., 49 Bell St., Bloomfield, N. J. 
Berger, U. S., Bell Telephone Laboratories, Inc.. 

NVIiippany, N. J. 
Bitter. A. R., 4292 Monroe St., Toledo 6, Ohio 
Carter, W. H., Jr.. 1309 Marshall Ave., Houston 6. 

Tex. 
Chinski, G. R. 1511 Marshall Ave., Houston 6. Tex. 
Frear, W., 108 Roseland Ave., Fox Chase, Phila-

delphia, Pa. 
Gieringer, C. K., The Leibel-Flarsheim Co., 303 W. 

Third St., Cincinnati 2, Ohio 
Goldstine,  E., RCA Laboratories Division, 

Rocky Point. N. Y. 
Guzzi, P. N., Cangallo 1286. Buenos Aires, Argen -

tina 

Johnson, H. W., RCA International Division, 745 
Fifth Ave., New York 22, N.Y. 

Lewinstein, M., 148-21 -90 Ave., Jamaica 2. L. 
N. Y. 

Martin, D. W.. Bendix Radio Division, Baltimore 4, 
Md. 
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Reed. 0. W. B., Jr., 970 National Press Building, 
Washington 4, D. C. 

Richards, A. P., 4224 Alton Place, N. W., Wash-
ington 16, D. C. 

Shaw. R. F., 3504 Baring St., Philadelphia 4, Pa. 
Shotliff, L. A.. 25 W. 90 St.. New York 24. N. Y. 
Somerville,  T.,  B.B C.  Research  Department 

Nightingale Square, London, S.W. 12, 
England 

Stec. C. L., 2720 Terrace Road, S. E., Washington 
20, D. C. 

Taber, 11. E., do Dir. Electrical and Communi-
cations Department, Department of Na-
tional Defense, Ottawa, Ont., Canada 

Taylor, A. H., Box 532, Alamosa, Col. 
Taylor, A. R., Joint Research and Development 

Board, 3171 New War Department Bldg., 
21 & Virginia Ave., N. W., Washington, 
D. C. 

Admission to Senior Member 

Aronson, C. A., 960 Glencove Rd., Syracuse 6, N. Y. 
Eliasen, E., 5/7 St. Helens Place, London E.C. 3, 

England 
Hovey, B. K., 208 Thaw Hall, University of Pitts-

burgh. Pittsburgh 13, Pa. 
Kunz, W. J., Jr., 66 Demarest Ave., Westwood, N. J. 

McClurg, G. H., 31 N. Granada St., Arlington. Va. 
Rector, R. V., 307 Demong Dr., Syracuse 3. N. Y. 
Tyack, L. C., Box 112, Lovett Ave., Little Silver, 

N. J. 

Transfer to Member 

Altomare, R. E.. Capitol Radio Engineering In-
stitute, 3224 -16 St., N. W., Washington 

10, D. C. 
Brown, F. M., 4635 S. E. Hawthorne Blvd,. Port-

land 15, Ore. 
Castle, C. X.. 1469 Church St., N. \V., Washing-

ton 5, D. C. 
Cozzens, W. D., 2255 Madison Ave., Odgen, Utah 
Crick, W. R., 22 Avenue Rd., Chelmsford, Essex, 

England 
Devaney, R. G., 631 S. 60 St.. Philadelphia 43. Pa. 
Eaton, J. E., 132 N. Terrace Ave., Mount Vernon. 

N. Y. 
Forrest, G. E., Specialities, Inc., Skunks Misery 

Rd., Syosset, L. I., N. Y. 

Gilbert, C. W., 52 Hathaway Ct.. Pittsburgh 21, Pa. 
Greene, W. E., Office of Naval Research, Navy 

Department, Washington 25, D. C. 

Greenwood, I. A., Jr., General Presicion Labora-
tory, Pleasantville, N. V. 

Henrich, W. H., 16 Laurel Ave.. E. Norwalk, Conn. 

Hill. J. S., Box 298, Hudson, Ohio 
McConnell, I. R., 1422 Tenth Ave., Neptune, N. J. 
Olson, C. P., Jr., 1251 S. Maryland Ave., Glendale 5, 

Calif. 
Petkovsek, J., Jr., 565 Walnut, Beaumont, Tex. 
Pile, D.11..80 Paterson Village Dr., Dayton 9, Ohio 
Rodriguez, M. F., Puente Peredo No. 5, Depto. 3, 

Mexico. D. F., Mexico 
Simons, K. A., 5201 W. 77 Terrace, Overland Park, 

Kan. 
Stoops, C. W., 1615 Kenyon St., N. W., Apt. 55, 

Washington 10, D. C. 
Tooley, M. D., 28 Queen's Rd., Colchester, Essex, 

England 
Tuttle, D. F., Jr., 1429 Cambridge St., Cambridge 

39, Mass. 
Wedel, J. J., Jr., Box 223, Altadena. Calif. 

Weinschel, B. 0., 365 E. 21 St., Brooklyn 26, N. Y. 
Wheeler, L. B., 5707 Wyngate Dr., Bethesda 14, 

Md. 

Admission to Member 

Alne, L. A., Electronics Tent, U.S. Naval Air Test 
Center, Patuxent River, Md. 

(Continued on page 424) 
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New Type "IT" CRYSTAL CARTRIDGE 
This fine quality, genuine crystal Cartridge 

is Astatic's answer to repeated requests from the 

radio-phonograph industry for a "low needle talk" 

reproducer with high sensitivity capable of excel-

lent quality reproduction ... at an attractively low 

price. Designed for use with all types of automatic 

record changers and manually operated phono-

graphs, the "LT" Cartridge employs a replaceable 

Type "T" Needle with an "Electro-Formed" Pre-

cious Metal tip. Note these important features: 

1. Low Needle Talk 

2. Low Needle Pressure 

3. Low Price 

4. Replaceable "T" Needle 

Special "LT" 
and "QT" 
Literature 
is available. 

5. Cutoff Frequency, 4,000 
c.p.s. 

6. Output Voltage, 1.00 volt 
(Avg. at 1,000 c.p.s.) 

7. Needle Guard Posts 
8. Standard Dimensions 

For those who prefer a de luxe Reproducer, 
Astatic highly recommends the "QT" CRYS-
TAL CARTRIDGE—now being specified for 

use by a number of leading manu-
facturers of high 
grade phonographs 

1 I A 



NO W AVAILABLE! 

Here's a Brush Magnetic Tape 

Recorder Chassis to build around! 

Ready to install to make your company's product more sell-
able in today's "buyer's market". Each chassis features: 

I. Supply Reel Shaft and motor 

2. Take up Reel Shaft and motor 

3. Erase Head 

4. Record-Playback Head 

5. Constant Speed Drive 

Capstan and motor 

6. Rewind Stopping Switch 

7. Forward Stopping Switch 

8. Power Switch 

9. Forward Control Switch 

10. Reverse Control Switch 

11. Start Control Switch 
12. Stop Control Switch 

13. Record Control Switch 

14. Playback Tone Control 

15. Record-Play Selector Switch 

16. Record Volume Control 

17. Playback Volume Control 

18. Microphone Input Jack 

19. Indicator for Record 
Volume Level 

and Preamplifier containing required equalization 

Unit is supplied with all the mechanical components and 
the preamplifier complete with tubes. Can be incorporated 
into a radio receiver or built into a custom recording out-
fit with a minimum of additional electronics. 

Ideal for installation in existing radio receiver consoles. 
Old consoles can be modernized by quickly installing the 
latest in recording equipment, the Brush Magnetic Tape 
Recorder-Reproducer. 

Install a Brush chassis and you assure your sales depart-
ment of a practical plus in selling. 

Write or call for detailed specifications. 

DEVELOPMENT CO. 

3405 Perkins- Avenue  Cleveland 14, Ohio, U.S.  

MAGNETIC RECORDING DIV. • ACOUSTIC PRODUCTS DIV. ',79 

INDUSTRIAL INSTRUMENTS DIV.: CRYSTAL DIVI ll0 M1 

(Continued from page 414) 

Anderson, E. R., Box 35, lioffmans, N. Y. 
Bruland, R. V., c/o Pan American-Grace Airways. 
•-‘'y  Inc., Lima, Peru 
Cronin, W. J., 1921 Kalorama Rd., N. W., Wash-

ington 9, D. C. 
Ehret, R. J., Brown Instrument Co., Wayne and 

Roberts Ave., Philadelphia 44, Pa. 
Frevert A. W., Box 255A, R.F.D. 2, Neptune, N. J. 
Giannet to, C., Box 267, Station E. Cincinnati 19, 

Ohio 
Gross, A. S., 53 W. 175 St., New York 53, N. Y. 
Gruen, W. J.. c/o J. Siwiec, 655 W. Taft Ave.. 

Bridgeport. Conn. 
Ginter, D. L., 2500 Que St., N. W., Washington 7, 

D. C. 
Halatrom, W. F., 601 Seventh, Liverpool, N. Y. 
Miller, C. F.. Research Department National 

Union Radio Corp. 350 Scotland Rd., 
Orange, N. J. 

Monkhouse, J. R., 2535 Dunstan, Houston 5, Tex. 
Negroni, J. A., Puerto Rico Water Resources 

Authority, San Juan, Puerto Rico 
Otto, E. D., 215 C St., S. E., Washington 3, D. C. 
Paynter, A. E., B.P. Radio, 754 Finchley Rd., 

Golders Green, London N. W. II, England 
Pike, W. S., RCA Laboratories, Princeton. N. J. 
Reynolds. J. C.. 22 Eirn St., Calais, Me. 
Ringger, W. A., Jr., Electric Operations Department, 

Memphis Light, Gas & Water Division. 
Beale & Walnut St., Memphis, Tenn. 

Rolf, W. R., 41 E. Fourth, Emporium, Pa. 
Rubin, I., Box 250, Red Bank, N. J. 
Schnedorf, L. J., 610 Monroe Ave., River Forest, ill. 
Shepherd, M. F., Box 836, Sweetwater. Tex. 
Stanton, L., 5525 Miriam Rd., Philadelphia 24, Pa. 
Sweets, F. M., 1633 Beechwood Ave., Louisville 4, 

Ky. 
Telang, V. S., 180 State St., Brooklyn 2, N. Y. 
Toman, W. J.. V., 1746 Fourth St., Cuyahoga Falls, 

Ohio 
Van Horn, I. H., Jr.. 1102 Roslyn Ave., Akron 2, 

Ohio 
Waldvogel, J., 568 Fouse Ave.. Akron 10, Ohio 
Warren, H. R., 4631 S. Third St., Louisville 8. KY. 
Woelz, A. L., Rua Franca 83, (Jardim Europa), Sao 

Paulo, Brazil 

The following ad missions to Associate 
were approved on November 11, 1947; to 
be effective as of Dece mber 1, 1947: 

Allen, T., 540 St. Johns Pl., Brooklyn 16. N. y. 
Angella. C. P.. 970 S. 53 St., Richmond, Calif. 
Anthes, J., 920 N. 15 St., Milwaukee 3, Wis. 
Berler, R. M., 39 W. 85 St.. New York 24, N. Y. 
Body, H T., c/o Siemens Brothers (Canada), Ltd., 

281 McDermot Ave., Winnipeg, Man., 
Canada 

Boff, A. F., 48 Vicars Close, Enfield. Middlesex. 
England 

Bowman, W. B., 1630 N. Clybourn Ave., Chicago 
14.111. 

Brenner, W. F., 323 S. 43 St., Philedlphia 4, Pa. 
Brown, H. W., 4506 W. Keefe Ave., Milwaukee 10, 

Wis. 
Bryan, W. C., Box 1204 .Cedar Rapids. Iowa 
Buehler, E. R., Valparaiso Technical Institute. 

Valparaiso, Ind. 
Busch, C. R., c/o Westinghouse Electric Corp. 40 

Wall St., New York, N. Y. 

Caballero, C. A., Obrero Mundial 207, Col. del 
Valle, Mexico, D. F. .Mexico 

Cab ot, J. C., 4016 N. Kostner, Chicago 41, III. 
Canepa, J. A., Servicio Communicaciones Navales. 

Darsena Norte, Buenos Aires, Argentina 
Carney, W. L., Box 3, McKinley, Me. 
Chambers, R. M., 4660 W. Florissant Ave., St. 

Louis, Mo. 
Chmielewslci, E. A., 200 E. Mill St.. Angola, Ind. 
Clayton, J. W., Electronics Material School, 

Treasure Island, San Francisco, Calif. 
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Concelman, C. W., Brookfield, Conn. 
Couper, T. B., Jr.. 11 Pleasant Court, Mayview 

Gardens, Maywood, N. J. 
Dall, E. E., 121 Halstead Ave., Norfolk 2. Va. 
Datta, A. K., Indian Engineering Institute, Con-

naught Place, New Delhi, India 
Dillenburg. H. F.. 3909 N. Seeley Ave.. Chicago 18. 

111. 
Di Loreto, A. A., 42 Mayhew St., Dorchester 25, 

Mass. 
Dorf, R. H., 255 W. 84 St., New York 24, N. Y. 

Edwards, G. C., 1658Indiana Ave., Louisville 4, Ky. 
Fahringer, W. H., 5436 N. Newcastle, Chicago 31, 

IlL 
Farber. E., c/o Novick, 4311 -15 St.. N. W. Wash-

ington, D. C. 
Farky, J., Room 2400, 20 Exchange Pl., New York 

S. N. Y. 
Finley, A. D., 22 Hovey St.. Watertown 72, Mass. 
Foy, R. H., 5 E. Furnace Rd., Linthicum Mo., Md. 
Ghose,  A.,  Government  Engineering  College, 

Jubbulpore, India 
Gleason, M. J., 7097 S. Throop St.. Chicago 20, III. 
Goldstein, S. E., 2558 Grnad Concourse, New York 

58, N. Y. 
Goodale, W. D., Jr., Bell Telephone LatioratorieQ. 

Inc., Murray Hill, N. J. 

Goslin, T. P., 506 S. Darling St., Angola, Ind. 
Graham, W., 31 Evelyn Place. Nutley, N. J. 
Grahame, F. W., Jr., 29 Copley Terrace. Pitts-

field, Mass. 
Grassia, C. C.. 1114 S. Hawthorne Rd.. Winston-

Salem 7, N. C. 
Hall, R. C.. 167 -10 Crocheron Ave., Flushing. L. I. 

N. Y. 
Hanus, F. J., 1111 Niagara, Houston, Tex. 
Harden, R. D., 1940 Union St., Columbus. Ind. 

Hathaway, S. D.. Electrical Engineering Depart-
ment,  Virginia  Polytechnic  Institute. 

Blacksburg. Va. 
Ileckart, H. A., Unionville, Iowa 
Hild, A. H., 23 E. Livingston St., Valhalla, N. V. 

Hirashima. H. K., 809 -13 Ave., S. E., Minneapolis 

14, Minn. 
Hoeflich, A. F., 626 -16 Ave., San Francisco 18. 

Calif. 
Hoff. D. L.. 918 Eastwood Ave., Chicago 40, Ill 

Hollich, F. J., 1131 W. Oakdale Ave.. Chicago It. 

Holmes, W. S., 90 Edgewood Ave.. Kenmore 17. 

N. Y. 
Hornyak, E. A., RCA Laboratories, Princeton, N. J. 
Howell, F. N., 1 1 1 W. Main St., Middletown, Del. 

Huerta, A. F., 57 Conde Penalver, Madrid, Spain 
Ignatowsky, P., 218 E. 11 St.. New York 3, N. Y. 

llowite. R., 570 Westminster Rd.. Brooklyn 30, 
N. Y. 

Johnson. W. C.. 717 W. Prospect St., Angola. Ind. 
Kahn, H., 2053 -72 St. Brooklyn 4, N. Y. 
Keller, C. N.. 22 Richland Ave., Dayton 5, Ohlo 
Kesler, C. K., 2818 Winburn Ave.. Dayton 10, Ohio 
Kieaelbach, R., 115 W. Maple Ave., Bound Brook, 

N. J. 
Koenreich, J. L., 215 W. 23 St., New York 11, N.Y. 
Kowitz. V. M., 2259 Montrose Ave.. Chicago 18, Ill. 
Kuehn. R. L.. 1295 Third Ave., New York 21, N.Y. 
Kunik, I. J., 75 Pearl St., Hartford 3, Conn. 
Langfelder, G., 31 N. Third St., Meriden. Conn. 

Lavalee, M L., 115 Central St., Manville, R. 1. 
LeGrand, C.. 1951 Marengo Ave., South Pasadena, 

Calif. 
Lewis, R. E., 2432 N. Lincoln Ave., Chicago 14, III. 

Lindell, R. L., 405 Raleigh Ave.. Norfolk 7, Va. 
Linville, E. H., 432 W. Santa Barbara Ave., Los 

Angeles, Calif. 
Martin, R. L.. 3448 Pennsylvania St., Kansas CitY, 

Mo. 
McColl, H. M., 432 S. Humphrey Ave., Oak Park. 

McCullough. J. S., 502 Bradley Ave., San Jose 10. 

Calif. 
McLean, R. J., 1074 E. South St., Angola, Ind. 

(Continued on page 444) 
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. . . THAT GUARANTEES 

FINEST PERFORMANCE 
This is one of the basic Acme Electric transformer designs that 
has the mechanical features and basic physical appearance to 
provide for better than average performance.  End bells protect 
coils from accidental damage. Leads may be brought out through 
bottom, front, sides or top to meet the requirements of the instal-
lation. Available in ratings from 35 VA to 500 VA. Send speci-
fications to Acme Electric transformer engineers and enjoy the 
cooperation that has enabled manufacturers of electronic and 
radio products to improve performance through better trans-
former design.  Bulletin 168 gives all details. 

ACME ELECTRIC CORPORATION 
TR A NSF O R M E R  EN GI N EE RS 

44 Water St.  CUBA, N.Y. 
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ANDRE W 

The ANDRE W Type 40-C Phase 
Monitor is a modern, new instru-
ment, designed to facilitate adjust-
ment and maintenance of broadcast 
directional antenna arrays. Ac-
curately measuring both angle of 
phase difference and ratio of, an-
tenna current amplitude, it provides 
a quick, direct check on antenna 
system adjustment. 
An exclusive Andrew feature per-

mits measurement of current ratios 
and phase angles in degrees on a 
single meter. This affords im-
mediate observation of the effects of 
small antenna circuit adjustments. 
Sensitivity is high - better than 

one volt from 550 to 1600 KC. 

ANDRE W 
363 EAST 75TH STREET 

Six individual input circuits ac-
commodate directional systems 
utilizing as many as six towers. 
Write for Bulletin 47 for full 

details. Prompt placement of your 
order will assure delivery when 
needed. 

Many stations already hove purchased this 
new Phase Monitor, among them ore' 

C1CA  KJAY  WBOC  WKBZ 
CKCH  KLOU  WBTM  WKO W 
KCBC  KOGT  WDEV  WKVM 
KCRG  KOLO  WGAD  WRGA 
KDSH  KSB W  WGIO  WRO W 
KFSA  KSEL  WGTM  WRWR 
KGFM  KVGB  WHHT  WSAV 
KGHI  KVOH  WHIS  WTMC 
KGIL  KVVC  WINZ  WVIS 
KGNC  KXOA  WJLS  W WOK 
KG°  WAGF  WJMS  W WXL 
KITO  WBBC  WJRD 

TI ON 
• CHICAGO 19, ILL. 

Pioneer Specialists in the Manufacture of a Complete Line of Antenna Equipment 
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Morales B., M. G., Albine Gorzo 53, Gustave A. 
Madero,Mexico, D. F.. Mexico 

Moe. W. J., 640 Holly Ave., St. Paul 5, Minn. 
Monies, G. R., Oriente 53, 223 Col. Iztaccihuatl, 

Mexico, D. F., Mexico 
Moore, C. J., 407 Oakview Ave., Joliet. III. 
Mumma, L., Concepcion Beistegui 804, Col. del. 

Valle, Mexico, D. F., Mexico 
Most, N. S., 310 S. Wayne St., Angola, Ind. 
Murray, G. E., 514 Greenleaf Ave., Willamette, Ill. 
Museus, H. U., 4122 Fremont Ave., N., Minneapolis 

12, Minn. 
Myers, G. E., 3309 Sims Drive, Des Moines, Iowa 
Nichols, L., Jr., 733 N. LaSalle St., Chicago 10, III. 
Padula Pintos, V. H., Centro Naval, Florida 801, 

Buenos Aires, Argentina 
Page. R. S., Box 23, Angola, Ind, 
Perkins, D. W., 530 Allen St., Syracuse 10, N. Y. 
Perkins, G., Jr.. Department of Chemistry, Louisi-

ana State University, Baton Rouge 3, La. 
Platt, J. H., 73 England St., Valley Fails, R. I. 
Porter, T. J., Rose Valley, Moylan, Pa. 
Price, L. A., 576 E. Archwood Ave., Akron 1, Ohio 
Prior, T. K. 166 W. Palisades Ave., Englewood. 

N. J. 
Reed, J. C., 253 Pleasant St., Arlington, Mass. 
Reeves, R. M., 6256 Bakman Ave., N. Hollywood, 

Calif. 
Regis, R. J., 1325 B Ave., N. E., Cedar Rapids, 

Iowa 
Reynolds, J. L., 1528 Milwaukee Ave., Chicago 22, 

Rightmyer, J. M., 15825 Hesperlan Blvd., San 
Lorenzo, Calif. 

Roman, A. D., 1049 Ainslie, Chicago, Ill. 
Rosen, J., Bldg. 7, Sec. K, 308 Harbor Rd., San 

Francisco 24, Calif. 
Rosenberg, N. W., 47 Washington Village, Asbury 

Park, N. J. 
Russell. N. E., Tri-State College. Angola, Ind. 
Schneider, S.. 4032 W. Melrose St., Chicago 41, III. 
Simonsen, J., Radio Station CFRA, Ottawa, Ont.. 

Canada 
Singleton, C. M., c/o Pan American-Grace Airways, 

Inc.. Guayaquil, Ecuador 
SIdtek, G. G., 401 E. 11 St., Rolla, Mo. 
Stark, A. J., 1126 Spring St.. Michigan City, Ind, 
Strapp, J. P.. 1847 W. 11 Place, Los Angeles 6, Calif. 
Style, N. V., .334 W. 73 St., Los Angeles 3, Calif. 
Sunderland, II. L.. Electronics Section. AGF Board 

No, 4, Fort Bliss. Tex. 
Symanovich, T., 194-F E. 99 Drive, Brooklyn 12, 

N. Y. 
Taylor. G. H. R., 52 Holtspur Top Lane, Beacons-

field, Bucks, England 
Teal, E. E., 3031 Cason. Houston 5, Tex. 
Teslik, J. A., 4527 N. Malden, Chicago 40, III. 
Thomas, H. G., American Television Laboratory, 

Inc., 5050 N. Broadway, Chicago 40, 
Thomas, J. N., Engineering Department, George 

Washington University, Washington 6. 
D. C. 

Thomas, R., 7750 Essex, Chicago 49, III. 
Thrasher. P. M., Jr., 207 Dewitt St., Syracuse, N.Y. 
Tognazzini, M. 0.. 443 Ramaell St., San Francisco 

12, Cal. 
Turnow, W. F.. 95-12 -125 St., Richmond Hill 19. 

L. I. N. Y. 

Ule. L. A., 5216 N. Winthrop Ave., Chicago 40, III. 
Vega. E. J., Dr. Martinez del Rio 93, Int. 19, 

Mexico, D. F., Mexico 
Vick, E. K., 2739 -First Ave.. S. E.. Cedar Rapids. 

Iowa 
Vinyard, E. L., Box 42, Highland Park, Ill. 
Watkins, D. A., 16081 Washington Ave., S. E.. 

Cedar Rapids, Iowa 
Welch, F. it.., 106 Pleasant Ave., Dayton 3. Ohio 
Wescott. J. C.. Box 481, Valparaiso, Ind. 
White, M. F., Electronic Process Heat Treating Co 

465 W. 162 St.. New York 32, N. IT. 
Wholey, C. W., 1408 -19 Ave., San Francisco 22. 

Calif. 
Wilson, L. F., 226 Scarsdale Rd.. Yonkers, N. V. ' 

Wong, B. G., 522 W. Third St.. Fort Wayne. ind• 
Zimmerman, W. L., Electronics Material School. 

Treasure Island, San Francisco. Calif. 
Zwarra, H. J., Wisconsin Telephone Co., 722 N. 

Broadway. Milwaukee 2, Wis. 
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News—New Products CAPITOL RADIO ENGINEERING INSTITUTE 

Basra Professional Radiomen Study 
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Turret Lug 

• 
• 

Split Lug 

Double-end 
Lug 

Swoger 

10.  

Terminal 
Board 

HPB 
Crystal 

This graph shows frequency ranges 
covered by each unit. Write us for 

your full-size copy. 

Five Standard 
Slug -Tuned 

LS3 Coils Cover 
1/2 to 184 mc 

For strip amplifier work, the 
compact (11,<," high when 
mounted) LS3 Coil is ideal. 
Also for Filters, Oscillators, 
Wave-Traps or any purpose 
where an adjustable induct-
ance is desired. 

Five  Standard Windings 

1, 5, 10,30 and 60 megacycle 
coils cover inductance 
ranges between 750 and 
0.065 microhenries. 

CTC LS3 Coils are easy to 
assemble, one Vt" hole is all 
you need. Each unit is du-
rably varnished and sup-
plied with required mount-
ing hardware. 

SPECIAL COILS 

CTC will custom-engineer 
and produce coils of almost 
any size and style of wind-
ing ...to the most particu-
lar manufacturer's specifi-
cations. 

co0,4ati re s-re 
Tkiee - wity 
Co mhoneni YeLvice 

Custom Engineering ... Standardized Designs . 

Guorante•d Materials and Workmanship 
CAMBRIDGE THERMIONIC CORPORATION 

456 Concord Arenkm, Cornbridg• 38, Moss. 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your  affiliation. 

Type RC-108 Capacitor 
Recently introduced by Cornell-Dubilier 

Electric Corp., So. Plainfield, N. J., as an 
addition to their line of television ca-
pacitors, the new type RC-108 capacitor 
with a rating of 0.05 'Ad., 3500 volts d.c., 
is made with a very high safety factor. 

The Type RC-108 capacitor is built in 
a cylindrical metal container l inches in 
diameter, 3 inches long, with screw-type 
terminals mounted on ceramic insulators 
protruding  inch from each end of the 
case. A wax-impregnated cardboard sleeve 
provides insulation. 
It is claimed that Dykanol C impregna-

tion and the metal hermetical seal assure 
efficient operation under all atmospheric 
conditions; and that this new capacitor 
has very stable characteristics assuring 
long life at elevated temperatures. 

New Coaxial Switch 

Designers for Industry, Inc., 2915 
Detroit Ave., Cleveland 13, Ohio, are now 
supplying a series of new coxial switches 
for v.h.f. and u.h.f. applications. 

Pictured here is the type D, a six-
position switch for use with RG-8/U r.f. 
cable. Voltage-standing-wave ratio is less 
than 1.5 to 1; adjacent-channel attenua-
tion is better than 50 db. 
These switches are remotely controlled 

and operated from 117-volt 60-cycle a.c. 
Provision is made for the operation of 
position-indicating pilot lights at the cen-
tral point. 
The manufacturer announces that 

other switches arc available for use with 
the larger sizes of coxial cable. 

(Continued on rage 47/1) 

Friftr,/, ULf 

"CREI training builds into 

the student a usable, 

working knowledge of 

practical radio engineer-

ing. It develops that sure 

confidence in his own 

ability which enables him 

to go after the better jobs 

— and get them". 

CREI Offers the 

Advanced Technical 
Training that is 

necessary to advance in 
Radio-Electronics 

CREI practical home study courses in 
Radio-Electronics and Television Engineer-
ing will supplement your present radio ex-
perience with the advanced, modern tech-
nical training that can lead you to security 
and a better-paying job. 

Ours is an intensive program, but one 
which fits into the most crowded schedule. 
It is for only those who see the opportuni-
ties before them; those who see this urgent 
need for trained technical ability to keep 
pace with the rapid strides of the industry 
in so many fields. 

Thousands  of professional  radiomen 
have enrolled for CREI training since 
1927. Many of them are men who are hold-
ing responsible positions today . . . many 
are looking into the future with the fore-
sight and ambition to prepare for the better 
jobs ahead. 

The CREI story can be important to 
you . . . and to EVERY MAN who is 
seeking a way to improve his position 
in the radio field. Write us today for 
our booklet and pertinent facts as they 
apply in your own case. Please state 
briefly your education, radio experi-
ence and present position. 

"Since 1927" 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

An Asoredlitsd T64106111 Institute 

E. II. ttietske, President 

Dept. 1'11-12, 16th & Park Rd., N.W. 
Washington 10, D.C. 

Member of HatIonsl Herne Study Commil—Hatiessi 
Council of Teehnioal Schools—and Televielen 

Broadoesters Amoolation 
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F. W. SICKLES comPrinj OF CHICOPEE, MASS. 
LEADING MANUFACTURERS OF 

RADIO ELECTRICAL APPARATUS 

ONE  OF THE  MANY 
MANUFACTURERS OF 
RADI O  APPARATUS 

winding coils on 

COS MALITE* for ms 
The Cleveland Container Company recommends for 

YOUR consideration these spirally laminated paper base, 
Phenolic Tubes. Wall thicknesses, diameters, punching and 
notching to meet your individual needs. 

WE RECOMMEND our #96 COSMALITE for coil forms 
in all standard broadcast receiving sets; our SLF COSMA-
LITE for permeability tuners. 

Spirally wound kraft and fish paper Coil Forms and Con-
denser Tubes. 

* * * 

Inquiries welcomed also on COSMALITE COIL FORMS 
for Television Receivers. 

*  *  * 

•Trade Mark Registered. 

Th CLEVELAND CONTAINERa. 
6201 BARBERTON AVE.  CLEVELAND 2, OHIO 
• All-Fibre Cons' Combination Metal and Paper Cans 
• Spirally Wound Tubes and Cores for all Purposes 
• Plastic and Combination Paper and Plastic Items 

PIDOICTION PLANTS alas at Plymealla lbw Welsh% N I. Me w III. Nitasit Nock. laosslati N I. 
PlISIICS MINIONS at Hama% Pat.  L N S • £1111510 DIVISION at Clartlait Olio 

SALtS 1151105 — Isom 223 11116 Irsid,ap NY C. alas 541 Nam St.. latIIIIL taut 
IN   Clivelaal Col mar 5,1.0 LII. Plescoll hunt 

L. 

THE NEW 
B&W 

SINE WAVE 
CLIPPER 

• Saves Valuable Time 

• Simplifies Selection of 
Components 

• Speeds Accurate Analysis 

of Audio Circuits 

The B&W Sine Wave Clipper provides a 
test signal particularly useful in exaniining 
the transient and frequency response of 
audio circuits. Used with equipment under 
development and in experimental work, it 
will quickly pay for itself many times over. 

Tedious, repetitious testing after every 
change of a component in an audio circuit 
becomes quick and easy when the B&W 
Clipper is used in conjunction with an 
audio oscillator and oscilloscope as shown 
in the block diagram below. 

Check the many possibilities of the B&W 
Sine Wave Clipper in your work. If you are 
interested in audio circuits, you'll consider 
this quality instrument a "must" in your 
complement of laboratory equipment. 

AUDIO 

OSCILLATOR 

OSCILLOSCOPE 

SINE WAVE 

CLIPPER 

EQUIPMENT 
UNDER 
TEST 

BARKER & WILLIAMSON,Inc. 
237 Fairfield A ve.,Upper Darby, Pa. 
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If it's the highest quality sound 
W  reproduction you're after, use 

Clarostat sound-system controls to 

insure self-compensating attenua-

tion. It's simple. It's inexpensive. 

It's the CORRECT thing. 

L-PADS and T-PADS 
Series CIL (L-pads) and Series CIT  
( T-pads)  keep input Im-
peda nce of associated  or Output 

equi pm ent in circuit, Withi n limits of  quire d value. 2  cons tant re- 

.5 Watts. Continuous range from 0.5 to  db. 
30  attenuation 

in 90% of rotation  last 10%, inilnitY• 
Us ed  at Source ' or  

values.  load.  Popular ohmage  

Output Attenuators 
Series CIB is a cons tant-impedance  

output  attenuator. Handles  consider-
abl e power without mea 
tion loss. Dissipat  surab le inser-

es 10 Used 
for outp  watts.ut level control or for input  
to  loudspeakers. 8 to 500 ohm values. 

Engineering Bul-
letins  Nos.  102 
and  111  on  re-
quest.  Let  us 
quote  on  your 

needs. 

et/troks 
CLIIROSTAT PAN CO Inc  285 1 N. 6th St., Broddyn, N.Y 

News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Commued from rage 45.4) 

Portable Power Supply 

The Model 201 portable 0-30 kv. d.c. 
power supply, illustrated above, finds ap-
plications in television work, cathode-ray 
oscillography, flash photography, elec-
tronic precipitation, high-voltage insula-
tion, or wherever compactness, portability 
and adjustability are desired. Availability 
of this unit was recently announced by the 
manufacturer, Beta Electronics Co., 1762 
Third Ave., New York 29, N. Y. 
The maximum load current of this in-

strument at 30 kv. is 300 microamperes, 
dropping off to about 23 Icy. at 1.5 milli-
amperes. Currents ..tp to 2 milliamperes 
may be drawn. Output ripple at 30 kv. is 
claimed to be less than 2 per cent. Ap-
proximately 200 volt-amperes are drawn 
from a 115-volt 60-cycle line, at maximum 
output voltage. 
With a cabinet measuring 16 X16 X8 

inches, the power supply includes an out-
put kilovoltmeter, a Variac current meter, 
filament and power-on indicating lamps, 
and relay switching circuits for permitting 
either manual or automatic "high-volt-
age-on" control. 
A current-limiting resistor is included in 

the output circuit to limit the surge cur-
rent to a safe value, in case of flashover of 
the load. The sustained short-circuit cur-
rent is limited to a safe value by inherent 
circuit regulation. 

Selenium Rectifier 

Especially designed for relays and low-
current control applications where space 
is limited, a new selenium rectifier, known 
as Model SE-8M20F, has been announced 
by Bradley Laboratories, Inc., 82 Meadow 
St., New Haven, Conn. 
Rated at 110 volts a.c., 80 volts d.c., 

10 ma. d.c., the unit can be modified to 
meet different electiical specifications. 
The rectifier has a tubular bakelite case 
j inch in diameter by l inches long, with 
four 2-inch tinned leads. It mounts on two 
standard screws and is completely sealed 
aea:net moisture and corrosive atmos-
phere. 

(Continued on page 48A) 

WOLLASTON PROCESS WIRE 

drawn as small as .000010"; 

Made to your specifications for 

diameter and resistance . . . 

WRITE for list of products. 

Lt 1 li 4: L'  il\  144.1 

(7V 
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Bendix-Scintilla 

Electrical Connectors 
The Finest Money Can Build or Buy! 
Wherever quality is called for, Bendix-Scintilla' Electrical 
Connectors are the logical choice. These precision-built 
connectors set a new standard of efficiency with their 
remarkable simplicity. The secret is Scinflex —a new 
Bendix-Scintilla-developed dielectric material. It lessens 
the tendency towards flash-over and creepage, and makes 
possible efficient performance from —67° F. to +300° F. 
Dielectric strength is not less than 300 volts per mu. The 
contacts, made of finest materials, carry maximum cur-
rents with the lowest voltage drop known to the industry. 
Please write our Sales Dept. for detailed informatiopi  *rasoesseas 

• Moisture-proof, Pressure-tight  • Radio Quiet  • Single-piece Inserts 

• Vibration-proof  • Minimum Weight  • High Arc Resistance 

• Easy Assembly and Disassembly 

I rwilahle in all Standard A-N Contact ( (a/pp/ration,. 

News—New Products 
These manufacturers hare incited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation, 

iloorinued bum page 

PM Speakers 
Designed for the best radio and general-

purpose loudspeaker applications, the 
William J. Murdock Co., 158 Carter St., 
Chelsea 50, Mass, announce that L30I, 
(3-inch) and L401 (4-inch) pulse-modula-
tion speakers are available for original or 
replacement use. 

These speakers use 1.47-oz. Alnico 
V magnets, an unusually sturdy frame, 
and a preformed speaker cone and curves 
verify the fine response characteristics. 
The standard speakers are of RMA 3.2. 
ohm impedance. Special impedances are 
available. 

Recent Catalogs 
• • • On a pocket-size signal generator pro-
ducing r.f., i.f., and a.f. signals simultane-
ously from approximately 2500 c.p.s. 
through 20 Mc., known as the "Signal-
ette", by Clippard Instrument Laboratory, 
Inc., 1125-33 Bank St., Cincinnati 14, 
Ohio. 

• • • On radio wire products including elec-
tronic and intercommunicating wires and 
cables, illustrated catalog No. 55, by 
Cornish Wire Co., Inc., 15 Park Row, 
New York 7, N. Y. 

• • • On technical data, including a table 
showing impedance vs. decibel loss with 
values calculated for impedance mis-
match, minimum tee loss, and bridging-
pad loss, published by The Daven Co., 191 
Central Ave., Newark 4, N. J. 

• • • On special ceramic materials, giving 
a description of the various types of cera-
mic bodies, their physical properties, and 
their applications in the different fields of 
engineering, by General Ceramics and 
Steatite Corp., Keasbey, N. J. 

• • • On high-voltage resistors, a four-page 
technical data bulletin giving specifica-
tions and characteristics of Type MV 
high-voltage resistors, by International 
Resistance Co., 401 No. Broad St., Phila-
delphia 8, Pa. Ask for Bulletin G-1. 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

Recent Catalogs 

• • • On GCA (ground control approach), 
by Philco Service Division, Philco Corp., 
Tioga and C Sts., Philadelphia 34, Pa. 
Ask for Brochure PR-1473. 

• • • On crystals, a four-page illustrated 
bulletin giving technical data covering 
twelve widely used crystal types, issued 
by Premier Crystal Laboratories, Inc., 
57-67 Park Row, New York 7, N. Y. 
Write for Bulletin No. 201. 

• • • On self-generating photoelectric cells, 
a twelve-page illustrated brochure giving 
standard  specifications,  characteristics, 
applications and design factors, by Selen-
ium Corp. of America, 2160 East Imperial 
Highway, El Segundo, Calif. 

• • • On electronic relay Type EA.2 (List 
EA.10) and adjustable time-delay switch 
units, Types TYE and TYD (List TD.10), 
and other electronic control instruments, 
by Sunvic Controls, Ltd., 10 Essex-1St., 
Strand, London WC.2, England. 

• • • On mercury-contact relays, a twelve-
page illustrated catalog giving operating 
characteristics and other technical data 
regarding Type 275 and Type 276 relays 
for use in such devices as computing ma-
chines, signalling devices, servomechan-
isms, high-speed keying relays, relay am-
plifiers, and vibrator power supplies. Is-
sued by Western Electric Co., 195 Broad-
way, New York 7, N. Y. These relays are 
distributed in the U. S. A. by Graybar 
Electric Co. 

Vacuum Phototube 
The RCA-5653 (glass-octal type) is 

a new vacuum phototube intended es-
pecially for light-
operated relay and 
other applications 
where there is al-
ways plenty of inci-
dent  light  and 
where a wider-than-
usual range of lumi-
nous  sensitivity 
may be tolerated. 
The availability 

of this new vacuum 
phototube has re-
cently  been  an-
nounced  by  the 
Tube Department, 
Radio Corporation 
of America, Harri-
son, N. J. 

Having S-4 response, the 5653 is par-
ticularly sensitive to blue radiation, but 
has good response to light from an incan-
descent lamp. 
For applications requiring more critical 

performance, the 929 or the 1P39 is recom-
mended. 

(Continued on page 544) 

Rated performance of d7/  f00F4 
Model I 750-S guerrawees delivery of output 

line  voltages at a regsitulation accuracy of 0.2% under  varying  load.  

Ifowever,  & in actual  of this unit  voltage stabilization was held 

to within 0.1% under full operating conditio ns. This 
conservative safet y rating  of  0.2% is 

all Sorensen performance  factors.  typical of 

Input voltage range .... ... ..... 95.125 

Adjustable output between .110-120 

Load range............. . 200.2000 VA 

Re gulation  accuraty- ..  ..... 0.2% 

Harmonic diatortion ..... .. 2% max. 

Recovery tiMe...... -...............6 cycles 

Input frequency range....55-65 sycles 

IT IS "A NATURAL" 

FOR CONTROLLING 

VOLTAGES IN LAB-

ORATORIES, ASSEMBLY 

LINE TESTING AND AS 

A COMPONENT OF 

YOUR ELECTRICAL 

UNIT. 

for the latest 

in electronic 

developments 
• 

Went GI 4 ,10 O3 
alOuLAINN4 ACcuilAcr 

11 Send me the Electronics Journal "Currently- regularly in addi-
tion to the resume on ''Electronic Batteries." 

NAME 

COMPANY   

ADDRESS   

SORENSEN & COMPANY, INC. 
375 FAIRFIELD AVE. STAMFORD, CONN. 
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WANTED 
PHYSICISTS 
ENGINEERS 
Engineering  laboratory  of  precision 

instrument manufacturer has interest-

ing opportunities for graduate engi-

neers with  research, design and/or 

development experience on radio com-

munications systems, electronic & me-

chanical aeronautical navigation in-

struments and ultra-high frequency .1 

microwave technique. 

WRITE FULL DETAILS 

TO 

EMPLOYMENT SECTION 

SPERRY 
GYROSCOPE 

COMPANY, INC. 

Marcus Ave. & Lakeville Rd. 
Lake Success, L.I. 

5 POSITIONS 
NOW OPEN 

Location —Long Island 

PhD—Physicist, Math. or Elec-
tronic, Major. 

MSME—Designer, small electro-
mechanisms. 

MSEE—Radiation Lab. or Equi-
valent. 

BSEE—Electronic Engr.; Servos. 
BSEE—Electronic Engr.; pulse 
circuits. 

Have you considered the advan-
tages of working for a growing 
Company? 
1. Greater flexibility. 

Opportunity to have job fit 
YOU. 

2. Quicker delegation of responsi-
bility. 
Opportunity for YOU to de-

velop. 
3. Greater variation in problems. 

Opportunity  for  YOU  to 
choose. 

4. Quicker advancement. 
Opportunity to increase 

YOUR income. 

If you are alert to these advan-
tages, please send résumé of quali-
fications to Box 498. 

The Institute of Radio Engineers 
I East 79th Street  New York 21, N.Y. 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No. ... 
The Institute reserves the right to refuse any 
announcement without giving e reason for 
the refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St., New York 21, N.Y. 

ENGINEERING PROFESSORSHIPS 
Outstanding technical school in Chicago 

has openings in radio, industrial electron-
ics, and electric power engineering fields. 
Unusual opportunities can be offered men 
possessing desirable industrial, research 
or teaching experience. Write giving field 
of interest and outline experience. Box 
488. 

ENGINEERS 
Microwave engineers wanted. Labora-

tory experience essential (industry or 
government). Positions of junior engi-
neers, engineers, senior engineers. Perma-
nent. Salary relatively high. Video men 
also wanted. You are invited to visit our 
modern plant and talk to our engineers, 
or write us .your job history and educa-
tion. Motorola, Inc., 4545 W. Augusta 
Blvd., Chicago 51, Illinois. Att: Mr. E. 
Dyke. 

ENGINEERS, PHYSICISTS, 
MATHEMATICIANS 

To fill 10 positions on seismograph field 
parties throughout the Rocky Mountains, 
mid continent and gulf coast states. Duties 
consist of operating seismic recording in-
struments, or computing seismic data, or 
alidade surveying seismic locations. Na-
ture of work requires several changes of 
address per year; part of it is outdoors 
and part indoors; certain operations per-
formed under standard procedure, others 
require ingenuity and initiative; salary 
$200-$300 per month to begin, with ex-
cellent opportunity to advance for those 
with practical ability. To apply, write giv-
ing scholastic and employment back-
ground, age, nationality and family status 
to Box 490. 

JUNIOR ENGINEERS 
Microwave research and other advanced 

radio work, requiring college degree and 
natural aptitude. Opportunity for valuable 

experience and advancement in a small 
growing organization. Suburban location 
on Long Island near New York City. 
Send personal  record to Harold A. 
Wheeler,  Wheeler  Laboratories,  Inc., 
Great Neck, N.Y. 

PHYSICISTS, RESEARCH ENGINEERS, 
TECHNICIANS 

Growing research and manufacturing 
concern in suburban Philadelphia, spe-
cializing in multi-gun cathode ray tubes, 
has attractive openings, particularly for 
those experienced in vacuum tubes, photo 
surfaces and electron optics. Electronic 
Tube Corporation, 1200 E. Mermaid Ave-
nue, Chestnut Hill, Philadelphia 18, Pa. 

PRODUCTION DESIGN ENGINEER 
Engineer,  preferably  with  radio-

phonograph  mechanical  design  back-
ground, capable of producing practical, 
low cost, mass production designs starting 
from  performance  specifications.  The 
work involves specification for purchase 
of components, establishing of inspection 
and quality standards, coordination of ap-
pearance styling, and follow-up of initial 
production. Reply giving a brief résumé 
of personal data, educational background, 
and details of type of product worked on, 
and extent of responsibility therefore, 
over the past ten years. Box 492. 

ELECTRONIC THEORIST 
Our New York laboratory is seeking an 

Electrical Engineer or Physicist to carry 
on theoretical investigations of problems 
associated with vacuum tubes, thermion-
ics and microwave equipment and to in-
terpret theoretical developments in terms 
of experimental results. MS or equivalent 
in experience in field of thermionics and 
microwave  engineering  desired.  Send 
résumé outlining age, education, exper-
ience, salary requirements to: Supervisor 
of Employment, Industrial Relations De-
partment,  Sylvania Electric Products, 
Inc., 40-22 Lawrence Street, Flushing, 
N.Y. 

MECHANICAL DESIGN ENGINEER 
Having experience in quantity produc-

tion of small metal stampings and com-
ponent assemblies. Pleasant working con-
ditions with electronics equipment manu-
facturer in small Minnesota town. Box 
493. 

ELECTRONIC ENGINEER—PHYSICIST 
A major oil company in the southwest 

requires services of competent Physicists 
and Electronic Engineers as permanent 

ELECTRONIC DESIGN ENGINEERS 
Openings exist for engineers and physicists with college degrees or 

equivalent to work on electronic apparatus of various types, includ-

ing microwave communications, radar, and electronic control 

equipment. Experience desirable. Salaries commensurate with edu-

cation and experience. Communicate with Westinghouse Electric 

Corporation, Industrial Relations Department, 2519 Wilkens Avenue, 
Baltimore 3, Maryland. 

1 
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research members. Positions available for 
project engineers and group leaders. Pre-
fer men with Ph.D. or equivalent. Work 
involves research in field of physics, 
physical chemistry, and geophysical ex-
ploration, development of analytical in-
struments  and  equipment.  Applicant 
should have training and experience along 
theoretical and experimental lines. These 
positions are permanent and offer unusual 
opportunities for the right men. Give 
complete details—personal history, educa-
tion, experience, and salary desired. Ap-
plications treated confidentially. Box 494. 

MASS SPECTROMETRY 
Engineer with advanced degree and ex-

perience in electronics, ion-optics, and 
high-vacua techniques to take charge of 
long term program in development and 
research in field of mass spectrometry at 
an eastern university. Salary $5000-$8000. 
Box 495. 

TELEVISION TRAINEES 
Opportunity with National Broadcasting 

Company for graduate engineers major in 
communications. 20 to 30 years of age. 
18 months intensive training prior to 
placement on regular staff. Apply to Per-
sonnel Dept., National Broadcasting Co., 
30 Rockefeller Plaza, New York 20, N.Y. 
by letter only. No interviews in person. 

ELECTRONIC CIRCUIT ENGINEERS 
For design, construction and test of 

electronic circuit components and systems 
in forms suitable for field operation of a 
complete electronic field installation. In-
genuity, imagination and capable theo-
retical inclinations suitable for research 
laboratory work are desired. Send resume 
outlining age, education, experience and 
salary requirements to: Supervisor of 
Employment, Industrial Relations De-
partment,  Sylvania Electric Products, 
Inc., 40-22 Lawrence Street, Flushing, 
New York. 

ELECTRICAL ENGINEER 
(ELECTRONICS OPTION) 

Young recent graduate with E.E. degree 
to design communication equipment, spe-
cial electronic instruments, electronically 
controlled automatic equipment involving 
servo-mechanisms for pipe line company 
affiliated with large oil company. 1st class 
commercial radio license desirable. Some 
travel involved in summer months. Win-
ter months in laboratory. Location East-
ern Pennsylvania. Appearance, personality 
and ability to work with small group of 
engineers important. State age, experience 
and salary requirements. Box 497. 

ELECTRONIC ENGINEERS 
Unusual opportunities for senior engi-

neers experienced in: Recording sound on 
film and magnetic tape recording; Micro-
wave—antennae, wave guides, mixers, 
cavity resonators; Receiver Engineer— 
design experience in broadband receivers. 
Radar preferred. Two or three years ex-
perience in U.H.F. work. Outstanding 
opportunity for top flight men with a small 
aggressive company. Write Melpar, Inc., 
Employment Section, 452 Swann Avenue, 
Alexandria, Virginia. 

(Continued on page 52A) 
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New Shure 
Wire Recording Heads 

WR 16 WR 14 WR 12 

... offer unusual versatility of 
mechanical and electrical adaptation 

if CHECK THESE FEATURES FOR 

EXCEPTIONAL PERFORMANCE 

1 Versatility of playback and record-
ing circuits. 

Variety of Impedances for individ-
ual needs. 

3 Closely controlled Air-Gaps for 
uniform performance and excel-
lent wear characteristics. 

4 Reduction of hum pickup. 

SHURE 

Controlled groove contour for 
maximum effective position of re-
cording wire. 

Shur, Paten. Ismaged and Penchng 

MORE COMPLETE INFORMATION IS AVAILABLE TO FIRMS 

INTERESTED IN THE MANUFACTURING OF WIRE RECORD-

ING EQUIPMENT. WRITE ON COMPANY LETTERHEAD. 

SHURE BROTHERS, INC. 
Microphones & Acoustic Devices 

225  W.  HURON  ST.,  CHICAGO  10,  ILL.  •  CABLE  ADDRESS:  SHUREMICRO 
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Why You  Reduce  Your 

TRANSFOR MER PROBLE MS 

With 

ADC TRANSFORMERS 

•AUDIC Z 

YOUR problem involving selection or design 
of the right transformer for your equipment 
can best be solved at ADC. 

Engineers at ADC are able to furnish you 
with the finest transformers available today. 
Here are a few good reasons why: 

At ADC your more difficult transformer prob-
lems receive the personal attention of ADC's 
executives. These men, electronic engineers them-
selves, founded ADC over 10 years ago with the 
idea of making higher quality transformers than 
had ever been made before. To keep this policy 
effective ADC executives keep in continual touch 
with new developments and requirements of elec-
tronic industries. They are keenly interested in 
your transformer problems. 

To maintain their leadership in the design of 
transformers and other audio components, the 
ADC engineering staff is continually engaged in 
research—designing, testing and re-designing. 

The bulk of ADC's business is building trans-
formers to meet new and unusual requirements. 
Years of this specialized experience have made 
ADC engineers tops in the field. Today these 
men are advisers and suppliers to leading Ameri-
can electronic equipment manufacturers. 

ADC takes pride in the reputation of its prod-
ucts. Each and every transformer leaving its fac-
tory is thoroughly tested and inspected first. 
There is no spot checking at ADC nor any com-
promise with quality. ADC is prepared to give 
you the best—in design . . . material . . . work-
manship. 

WRITE for information. Include details of yqur 
requirements. Also available upon request Cata-
logue 46-S on ADC transformers and components. 

UatkoVadrmailto, 
2833-13th Avenue So., Minneapolis, Minn. 

"%Witt Devegeoz rite 76ee4e 

(Continued from page 514) 

ENGINEER OR PHYSICIST 
Engineer or physicist for mathematical 

research work on vacuum tubes. Should 
have a good knowledge of microwave 
tubes and electron optics. Apply Director 
of Research, 350 Scotland Road, Orange, 
New Jersey, National Union Radio Cor-
poration. 

DEVELOPMENT AND PRODUCTION 
ENGINEER—RADIO CONTROLS 

Requires considerable experience in re-
ceivers and transmitter (V.H.F.) Devel-
opment and production to specialize on 
radio controls. Requires an E.E. degree 
or equivalent (minimum of 6 years ex-
perience in development and production 
engineering of radio and/or electronic 
equipment) at least 4 years in competent 
industry. Mr. A. F. Malmquist, Person-
nel Director, Pacific Division, Bendix 
Aviation Corp., 11600 Sherman Way, 
North Hollywood, California. 

DEVELOPMENT AND PRODUCTION 
ENGINEER—SONAR EQUIPMENT 

Requires E.E. degree or equivalent, 
minimum of 6 years experience in devel-
opment and production engineering of 
which at least 4 years has been with com-
petent industry, preferably with marine 
and sonar experience. Requires ability to 
handle mechanical design related to elec-
tronic design. Apply Mr. A. F. Malmquist, 
Personnel Director, Pacific Division, Ben-
dix Aviation Corp., 11600 Sherman Way, 
North Hollywood, California. 

SCIENTISTS AND ENGINEERS 
Wanted for research and advanced de-

velopment work in the fields of micro-
waves, radar circuits, gyroscope systems 
and general electronics. Scientific or en-
gineering degrees required. Salary com-
mensurate with experience and ability. In-
quiries should be directed to: Mgr.—En-
gineering Personnel, Bell Aircraft Corp., 
Buffalo 5, N.Y. 

JUNIOR ENGINEER—Editor and Writer 

Excellent opportunity  for experienced 
writer in radio and electronic fields to edit 
technical publication and handle articles 
for electronic, broadcast, aviation and 
amateur radio press. Congenial surround-
ings in attractive midwest city. Please give 
full particulars as to background, experi-
ence, age and salary in first letter. Collins 
Radio Company, Cedar Rapids, Iowa. 

EXECUTIVE ENGINEER 

This notice is inserted by a large manu-
facturer of radio and television receivers. 
We have an opening for the one right top 
executive engineer who really belongs in 
such an organization. The position is that 
of heading up all phases of design, devel-
opment, and research engineering. It is 
probably the toughest engineering chief 
job in the industry. It pays $25,000. Do 
not waste your time and ours unless you 
are unqualifiedly sure that you are com-
pletely ready for this assignment. Our 
own key personnel are aware of this an-
nouncement. Write to Box 499. 
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A Satisfactory 

ANTENNA 
For FM Reception 

Where the FM reception band is 
the only object of the antenna design, 
the well-engineered, simple Premax 
Adjustable "V" Dipole Type is very 
effective. 
The two arms of the antenna can be 

set at any desired angle with respect 
to the horizon, thereby affording an 
adjustment of the plane of polariza-
tion of the dipole for different angles 
of polarization of the electromagnetic 
waves. 
Dipole arms are 30" in length, of 

heat-treated aluminum. Wire terminals 
are provided for lead-in connections. 

The 50-inch tubular steel support pro-
vides a rigid mounting on any structure 
with the use of Premax Mounting 
Brackets. 

Available as illustrated or 
with reflector. 

Ask Your Radio Jobber 

POINIX 
Dir;sion of' CA;sholm • Pude,. Co.. Int 

Div. Chisholm-Ryder Co., Inc. 

4811 Highland Ave.  Niagara Falls, N.Y. 

Positions Wanted 
By Armed Forces 

Veterans 
In order to give a reasonably equal op-

portunity to all applicants, and to avoid 
overcrowding of the corresponding col-
umn, the following rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. mem-
bers who are now in the Service or have 
received an honorable discharge. Such 
notices should not have more than five 
lines. They may be inserted only after a 
lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
Institute necessarily reserves the right to 
decline any announcement without assign-
ment of reason. 

ELECTRONIC ENGINEER 
B.S.E.E. Northeastern university in 

September 1947. Age 23. 11/2 years ex-
perience with all types of Naval Airborne 
radio and radar equipment. Hold 1st class 
radio-telephone license. Member Tau Beta 
Pi. Desires position as Junior Engineer in 
electronic design research or development. 
Further details on request. Box 113W. 

ENGINEER 
Schools-N.C.E., Harvard and M.I.T. 

Flying Air Corps officer. Presently engi-
neer in development laboratory. Familiar 
with radio, radar, G.M., microwave tech-
niques. Desires industrial engineering po-
sition in laboratory or plant. Box 114W. 

JUNIOR ENGINEER 
B.E.E. 1947, Polytechnic Institute of 

Brooklyn. Age 30. Married. One child. 
Two years Army Radar officer, Harvard 
-M.I.T. radar school. Eta Kappa Nu. De-
sires position as a junior engineer in elec-
tronic design, development. Anywhere in 
U.S. Box 118W. 

ENGINEER (CANADIAN) 
B.S.E.E. 1939. Six years experience in 

maintenance and installation of Naval 
radar and radio equipment. Last 3 years 
in administration and supervision. Present 
rank Lieutenant Commander ("Electrical). 
Licensed amateur since 1932. Age 30. Mar-
ried. One child. Interested in engineering, 
sales or representative position particu-
larly in maritime provinces or Newfound-
land. Box 120W. 

ELECTRONICS ENGINEER 
B.E.E. Drexel Institute, 1936. 11 years 

experience in radio transmitter design, 
electronic control circuits, bridge, oscilla-
tor, amplifier and null detector design. 
Investigation of foreign electronic equip-
ment. Also new short wave therapy cir-
cuits. Box 123W. 

JUNIOR ENGINEER 
B.S.E.E., B.S.M.E., 1939, University of 

Paris. Age 28. Completing graduate work 
E.E. electronics at B.P.I. New York. 21/2 
years Army Signal Corps experience on 
RDF and communications equipment. 
Seeks position as junior engineer, physi-
cist or instructor in New York City area. 
Box 130W. 

(Continued on page 54A) 

Announcing . . . 

Invaluable New 
Research Data 
 on the applications of 

ELECTRONIC CIRCUITS 
AND TUBES 

Here is a new and comprehensive reference 
volume presenting in practical, useful form the 
basic theory of electronic tubes and of electrical 
circuits employed in conjunction with these tubes. 
Special emphasis is placed on the varied applica-
tions of such tubes in the fields of communica-
tion and electronic control. 

Just off the Press! 

ELECTRONIC 
CIRCUITS 
AND TUBES 

Prepared by the War Training Staff, Cruft 
Laboratory, 'Harvard University. 

930 pages, 6 sr 9, $7.50 

H IGHLY practical, this book covers in 
detail impedance matching, equiva-

lent four-terminal networks, bridged-T 
and parallel-T networks. It analyzes wide-
band amplifiers, discusses the effect of 
feed-back on response characteristics, and 
clearly explains the steps in the derivation 
of output impedance. Much hitherto un-
published material is given on coupled cir-
cuits, including a method of correlating 
response curves by means of space models 
-and new material on band width of mag-
netically coupled circuits. 
Its authors are experts in the field-men 

associated with the War Training Staff 
of the Cruft Laboratory, which gave pre-
radar training to Army and Navy officers. 

24 chapters supply comprehensive 
information on: 

/. Alternating  Cur-
rent Theory 

2. Circuit Response 
3. Circuit Elements 
4. Measurement  of 
Elements 

5. Networks and Im-
pedance Matching 

6. Transients 
7. Coupled Circuits 
8. Filters 
9. Fourier Analysis 
10. Electron Emission 

and the Diode 
11. Multimeter Tubes 
12. Cathode-Ray 

Tubes 

EXAMINE IT 

10 DAYS FREE 

MAII. 

COUPON 

TODAY 

13. Amplifiers-Class 
A and Class B 

14. Power Tubes 
15. Oscillators 
16. Gas-filled Tubes 
17. Rectifiers and 

Power Supplies 
18. Signal Analysis 
19. Principles of Mod-

ulation 
20. Methods of Modu-

lation 
21. Detection 
22. Test Instruments 
23. Receivers 
24. Timing Circuits 

vo• 
,45• %  • 
-  

McGraw-Hill Book Co., 330 W. 42 St., NYC 18 
Send mc Cruft Laboratory's Electronic Circuits 
and Tubes for 10 days' examination on ap-
proval. In 10 days I will send $7.50, plus few 
cents postage, or return book postpaid. (l'ostage 
Paid on cash orders.) 
Name   
Address   
City and State   
Company   
Position  IRE•12.47 
For Canadian price, write McGraw•Hill Co. of 

Canada, Ltd. 
12 Richmond Street E., Toronto I 
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THE MOST 
EXPENSIVE... 

INDISPUTABLY 

The Pickering Cartridge provides 

the cleanest reproduction ever 

achieved, with linear response 
to the limits of audibility. 

It tracks with only 15 grams 
pressure and fits practically 

any arm. It is acknowledged to 

be the finest record reproducer. 

PICKERING & CO., INC., 211 WEST 57TH STR UT, N. Y. C. 

.141NALYZOR 

.0100  004? 

Designed for 

YOUR APPLICATION 

PANADAPTOR 
alysis requires high resolution of signals 
closely adjacent in frequency or extra broad 

spectrum scanning, there is a standard model Panadaptor to simplify and speed up your job. 

Standardized input frequencies enable operation with most receivers. 

Whether your application of spectrum an-'  tkiner , 

MODEL SA-3 TYPES MODEL SA-6 TYPES 

Maximum Scanning Width 

Input Center Frequency 

Resolution at Maximum 
Scanning Width 

Resolution at 20% of 
Maximum Scanning Width 

T-50  T-100 

50KC  100KC 

455KC  455KC 

1-200  T-1000  T-1000  1-6000  1-1000  1-10000  1-20000 

200KC  1/AC  1 MC  6MC  1 MC  10MC  20MC 

455KC  5.25/AC  I0.2MC  30MC  5.2SMC  30MC  30MC 

2.5KC  3.4KC  4.4KC  11KC 

1.9KC  2.7KC  AKC 

IIKC  25KC 

9KC  7.5KC  22KC 

11KC  75KC  91KC 

7.5KC  65KC  75KC 

ticeee 

APPLICATIONS OF PANADAPTOR 

*Frequency Monitoring 

*Oscillator performance 
analysis 

*FM and AM studies 
WRITE NOW for recommendations, detailed 
specifications, prices and delivery time. 

54A 

CORP. 
ANOHAMI 
RR010 [ 
92 Cold St.  Cable Address 

New York 7, N.Y.  PANORAMIC, NEW YORK 
Exclusive Canadian Representative: Canadian Marconi, 

Positions Wanted 
(Continued from page 534) 

TECHNICAL EDITOR 
Former AAF officer with four years 

experience in writing and editing techni-
cal project reports and summaries, budget 
defenses, press releases, technical papers, 
etc. Assigned during this period to Radia-
tion Laboratory, M.I.T. and Aircraft Ra-
dio Laboratory, Wright Field. Additional 
experience as sales engineer (2 years), 
radio and radar technician (2 years), and 
two years of college credits towards E.E. 
degree. Box 131 W. 

ELECTRONIC ENGINEER 
B.E.E. Ohio State University, June 

1948. Two years as electronics Technician, 
U. S. Navy. Would like position in re-
search or development. Vicinity New 
York or Cleveland. Box 136W. 

RADIO ENGINEER 
B.E.E. from N.Y.U. 1947; Graduate 

work B.S. in physics from C.C.N.Y. 
1943. Signal Corps radio and repeater man 
telephone experience. Desire design and 
development work in radio, industrial 
electronics or communications. Box 137 W. 

ELECTRICAL ENGINEER 
B.S. in E.E. 1944, University of New 

Brunswick (Canada). M.S. 1947, Univer-
sity of Western Ontario. Age 23. Single. 
Former officer Royal Canadian Signals. 
Limited experience in telephone work. De-
sires electrical engineering employment 
abroad, preferably in tropics. Box 138W. 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to•write for literature and further technical 
information. Please mention your  affillatlea. 

(Continued from page 49A) 

Type 125 Capacitance 
Bridge 

A capacitance bridge suitable for 
measurement of capacitance in multi-
electrode systems has been announced by 
the Electronics Division, Sylvania Electric 
Products, Inc., 500 Fifth Ave., New York 
18, N. Y. The instrument, particularly 
useful in measuring interelectrode capaci-
tances in vacuum tubes, provides a range 
of 0 to 100 µµfd. through the use of five 
multipliers and measurement at 465 kc. 
Direct-capacitance accuracy of 1 per cent 
and direct-conductance accuracy of 10 per 
cent are provided when calibrated with 
standards of commensurate accuracy. 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

The bridge consists of three separate 
sections including r.f. signal generator and 
power supply; r.f. amplifier, detector and 
vacuum-tube voltmeter; and associated 
switches, controls and, 500-pa. meter indi-
cating bridge balance. Ground to lead or 
jig capacitance may be tuned out when 
combined values do not exceed 25 ilkifd. 
Special tube-tester adapters are available 
for measurements with or without base 
shield or metal shell connected to the tube 
element or ground. 
Type 125 is rated at 45 watts, 110-120 

volts, 50-60 cycle a.c.; weighs 50 pounds; 
and measures 19 inches long by 12} 
inches high. 

Mega Match 
Recently announced by Kay Electric 

Co., 34 Marshall St., Newark 2, N. J., a 
new electronic, basic laboratory instru-
ment for measuring reflected energy is 
known as the "Mega Match." 

This instrument  measures reflected 
energy over a wide frequency band, 10 to 
250 Mc. and up. It presents a visual dis-
play of reflected energy over any band up 
to 30 Mc. This visual display eliminates 
tedious tabulation work, saving hours of 
engineering time. 
The manufacturer states that it is pos-

sible to instantly observe and measure 
mismatches. There are no slotted lines, 
moving parts, directional couplers, or 
other frequency-sensitive devices. A pre-
cision frequency meter is incorporated in 
the unit. 
Applications include measuring anten-

nas, transmission lines, and input and out-
put impedances. It is claimed that no other 
commercial instrument gives a complete 
visual display of reflected energy from the 
above-mentioned devices. 

New Enterprise 
• • • The Precision Manufacturing Co., of 
Bergh°lz, Ohio, a new division of the 
Alliance Manufacturing Co., is now pro-
ducing phonograph turntables on a large 
scale, according to an announcement by 
the Progressive Welder Company of De-
troit which supplied the battery welders 
used in the manufacture of these turn-
tables. 

We recommend that you don't 
try it. You'll find it costly. And 
then it might not be suitable for 
a pick-up. 

A special silver solder alloy allowing the diamond to be actually sol-
dered into its stylus setting is a feature incorporated in all PARA-FLUX 
REPRODUCERS made today. This adds to the outstandingly tough and 
durable construction of the new RMC Light Weight Head ... prevents 
breakage of diamond point unless you fracture or chip it by striking 
metal or its equivalent. You have little chance of damaging our new, 
durable PARA-FLUX Head unless you attempt to crack, chip or break 
the diamond itself. It's tough, yet gentle to provide the finest quality 
tone reproduction. 

Remember. ... if you drop and damage an old style RMC 
Head, return it to us or your jobber and get a completely 
new Light Weight Head in accordance with our replace-
ment policy and exchange price of $35.00. 

Sold through local jobber.  Write for Speaker Bulletin PR51 
Export: Roche International Corporation, 13 East 40th Street, New York 16, New York 

RADIO- MUSIC CORPORATION 
P O RT CHESTE R  •  :NE W YO R K 

/ REEVES-HOFFMAN 
Ez:=51 _.7 .  CO R P O R A TI O N 

SALES OFFICE  215 EAST 91 STREET, NE W YORK 28, N 

PLANT  321 CHERRY STREET, CARLISLE, PA 

(Continued on Pope 56A) 
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VACUUM TUBE 
VOLTMETER 

SPECIFICATIONS: 

RANGE: Push button selection of five ranges -1, 3, 10, 
30 and 100 volts ac. or d.c. 

ACCURACY: 2% of full scale. Useable from 50 cycles to 
150 megacycles. 

INDICATION: Linear for d.c. and calibrated to indicate 
r.m.s. values of a sine-wave or 71 % of the peak value 
of a complex wave on ac. 

POWER SUPPLY: 115 volts, 40-60 cycles —no batteries. 

DIMENSIONS: 4%" wide, 6" high, and 8 1/2 " deep. 

WEIGHT: Approximately six pounds. Immediate Delivery 

MEASURE MENTS 

M ODEL 62 

Standpai  s ne ,Seilecnneaenl :aent 

Ul:ag ame 7 oua eae oe In t rire:r: 

FA  f pas c, andratorestar:rs 

Pl'a" seque ::feter s 
relerosS ooti nen agth 

M eg o  eft 

Ca  ."eter S 

0:51a  

fqill gaenchl  reSt 

MANUFACTURERS 0 

CORPORATION 
BOON TON NE W JERSEY 

46.41.&i.  L4.1.4. 41 
TRANSMITTING AND 

SPECIAL PURPOSE TUBES 

"IT'S A PLEASURE 

WRITE FOR 

NEWARK'S LIST of TUBES 

Make Newark your 

source , too, for all 
needed radio and elec-

tronic ports. Brisk, com-
petent service assures 

quick delivery. 

NE W YORK 
Offices& Worekouse 
242W.55ASr,NY 19 

. . . to do business with NEWARK!" So say 
hundreds of outstanding MCA in the Radio and 
Electronic Field. And here's why: 

• COMPLETE STOCKS OF ALL STANDARD 
MAKES, on hand at all times. 

• CONVENIENTLY LOCATED —  Three great 
stores  and  warehouses  centrally  located  in 
N. Y. C. 

• INDUSTRIAL DEPT —staffed  by  technical 
men who specialize in Industrial requirements. 

• NE WARK IS WAis AGENT —Acting  under 
contract WAS(p)7-I67, for distribution of TRANS-
MITTING & SPECIAL PURPOSE TUBES—largest 
stocks at lowest prices—for immediate delivery! 

TELEPHONE 

Circle 6-4060 

New York City Stores 115 17 W 45th St. & 212 Fulton St 

• MAIL AND PHONE ORDERS 
FILLED PROMPTLY 

• WRITE: 242-N WEST 55t1, 
STREET, NE W YORK CITY , 

News—New Products-1R 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

Information. Please mention your I.R.E. affiliation. 

(Continued from rage 55,4) 

Light-Weight Distortion 
Meter 

A new distortion meter, Model 400, 
recently introduced by Barker & William-
son, Inc., 237 Fairfield Ave., Upper Darby, 
Pa., is an ideal unit for either laboratory or 
field use because of its small size and light 
weight. Dimensions 131X74 X94 inches. 
Weight, III pounds. 

This meter is suited for measuring low-
level audio voltages and determining their 
noise and harmonic content, and may also 
be used in measuring frequency and gain 
characteristics of audio amplifiers, or for 
any other application where a vacuum-
tube voltmeter is required in the audio 
range. The variable-frequency selective 
filter provides a single-frequency sup-
pression circuit for the frequency range of 
50 to 15,000 cycles. Frequency range as 
voltmeter and db. meter is from 30 to 
30,000 cycles. 

Wire-Wound Resistors 
To supplement their Brown Devil line 

of 10- and 20-watt enameled wire-wound 
resistors for radio, electronic, and indus-
trial circuits, Ohmite Manufacturing Com-
pany, 4952 Flournoy St., Chicago, 
has added a compact 5-watt size. 

Although this small unit has been 
available on special order, the 5-watt size 
( Ili by 1 inch) may now be obtained from 
regular stock in resistance values from 
1 to 10,000 ohms. Standard tolerance is 
±10 per cent. The new 5-watt resistors 
are of all-welded construction and have 
14-inch copper-wire leads. Write to the 
manufacturer for Bulletin 132. 

(Continued ots page 594) 
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COMMUNICATIONS -ELECTRONICS -TELEVISION 

for DEPENDABLE performance 
FREED TRANSFORMERS 

I.  

To meet rigid requirements for all industrial and elec-

tronic applications Freed has manufactured for many 

years all types of -transformers, chokes, and reactors. 

In addition the manufacture of all types of production 

laboratory test equipment is a Freed specialty. 

If you have special requirements or need custom 

made equipment, our modern plant and trained staff 

are always at your service. 

FREED TRANSFORMER CO., Inc. 
78 SPRING STREET  NE W YORK CITY 12, N. Y. 

Western Electric 
757A LOUDSPEAKER 

With uniform response from 60 
right up to 15,000 cycles—a 90 de-
gree coverage angle —power han-
dling capacity of 30 watts—this is 
THE speaker where highest quality 
in sound reproduction is a must! 
The 757A is just one of the com-

plete line of new high quality 
speakers—from 8 to 120 watts— 
developed by Bell Laboratories and 
made by Western Electric. 
For full details, write today to 

Graybar Electric Co., 420 Lexing-
ton Ave., New York 17, N. Y.—or... 

ASK YOUR LOCAL G  raybaR 
BROADCAST REPRESENTATIVE 

30,000 
SUCCESSFUL 
RADIO SERVICE-
TECHNICIANS 
READ 

E401110054 M UD* 550 ILICTIONIO WI Till 
11010 $110I(1.110INICI . 

EVERY MONTH 
RADIO MAINTENANCE today tills • breach that 
has existed in the radio field for • long time. Al-
ready 30.000 technicians  read  RADIO  MAINTE-
NANCE every month because it is devoted entirely to 
the radio serviceman. 
The RADIO MAINTENANCE staff specializes In the 
preparation of articles on every phase of Radio Main-
tontines in series form which may be flied and used 
for reference. The leading articles cover everything 
for the radio serviceman on Television. FM and AM; 
Test Equipment; Electronic, Appliances; Tools: An-
tennas: Alignment: Troubleshooting: Repair; Con-
struction: Pick-Ups and Sound Amplification and 
ReproductIon Equipment. Also, in RADIO MAIN-
TENANCE each month there are departments on 
hints and kinks, the latest news of the trade, review 
of trade literature, radiomen's opinions. new prod-
ucts and news from the organizations. All articles 
are  presented  in  a step-by-step  precision  style. 
clearly Illustrated, with schematics, accurate photo-
graphs, specially prepared drawings, white on blank 
charts, color diagrams. isometric projections and ex-
ploded views. 

Your first issue will be mailed 
Immediately on receipt of this 
coupon.  One  Issue  FREE  if 
payment is enclosed. 

&S=II  MN INN =S  IM SIM 

RADIO MAINTENANCE 
I  MAGAZINE 
• 460 Bloomfield Avenue. I Montclair 6, N. J. 
I  Please send  me  fi A 010  MAINTENANCE for 

fl 2 ears. 55 } I year, $3 y   

O Payment enclosed  Bill me later 

Name   

I Address   

I City —State    

ITitle 
Occupation 

Employed by 

• Independent BerV100111111— Dealer Serviceman—Sore-
Ice Manager—Dealer —Distributor —Jobber 
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New Type 1250 

R. F. SWITCH 
High r. f. current carrying capacity 

50 amps. max. intermittent load; 30 
amps. steady load. Low loss factor. 

Sturdy mechanical design ... 
Mykroy insulation 
Furnished in any 

number of 
decks. 

Write for Bulletin No. 472 

Manufacturers of Precision Electrical Resistance Instruments 

337 CENTRAL AVE. • JERSEY CITY, N. J. } 

MEASURE COMPLEX IMPEDANCES 
IN POLAR COORDINATES . . . 

Read Directly Impedance Magnitude 
and Phase Angle With 

Z-ANGLE 
METER 

A New Instrument For Electrical 
and Electro-acoustit Measurement. 

APPLICATIONS .. . 
Loudspeakers 
Microphones 
Transmission Lines 
Filters 
Amplifier Inputs and Outputs 

FOR MEASUREMENTS OF . . 
• Impedance (Z) 
• Phase Angle (43) 
• Frequency 

Resonant Circuits—series Or 

parallel 
Transformers 
General Laboratory Measure-
ments 

0.5 to 100,000 ohms 
900 (XL) thru 0° (R) 
30 to 20,000 c. p. s. 

to —90° 

WRITE FOR COMPLETE INFORMATION' TODAY 

Engineering Representatives: 

Chicago: 1024 Superior Street, Oak Park, Illinois 
Phone: Village 9245 

Hollywood: 623 Guaranty Building, Hollywood 28, California 
Phone: H011ywood 5111 

biu 

(X') 

TECHNOLOGY INSTRUMENT CORP. 
1058 MAIN ST., WALTHAM 54, MASSACHUSETTS 

Specify 

MYCALEX 
LOW LOSS INSULATION 

Where high mechanical and elec-
trical specifications must be met. 

MYCALEX 410 
(MOLDED MYCALEX) 

makes a positive seal with metals 
. . . resists arcing, moisture and 
high temperatures. 

27 years of leadership 
in solving the most 

exacting high frequency 
insulating problems. 

MYCALEX CORPORATION 
OF AMERICA 

"Owners of 'MYCALEX' Patents" 

Plant and General Offices: Clifton. NJ. 
Executive Offices: 30 Rockefeller Plaza 

New York 20, N.Y. 

Rugged and compact, JOHNSON Type 
E and F condensers for medium and kw 
power transmitters have more capacity per 
cubic inch and occupy less panel space for 
their rating than any other condenser on tha 
market. 

FEATURES 
Heavy aluminum plates .032" thick, with 

rounded edges for maximum voltage rating. 
. . . Heavy aluminum tie rods 1/4 " diameter 
for frame strength and rigidity.  . . Steatite 
insulation. . . . Stator mounted above to re-
duce capacity to ground.... Heavy phosphor 
bronze contact springs, cadmium plated. .. 
Center contact on dual models. . . . Chassis 
or panel mounting. . . . Stainless steel 
shafts. . . . Front and rear shaft extensions 
permit ganging. In addition to mounting 
foot shown, removable single hole brackets 
are furnished so condenser may be inverted 
from position shown, or other components 
mounted above. 

JOHNSON 
Ammgdora" Name La Re ale 

E. F. JOHNSON CO.  WASECA, MINN. 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page .56A ) 

Interesting Abstracts 
• • • The "Frequency Standard, Tuning-
Fork Type" which was described on page 
44-A of the October, 1947, issue of the 
PROCEEDINGS, covers any frequency 
in the range from 200 to 1000 cycles (not 
200 to 100 cycles, as stated in the descrip-
tion). This unit is manufactured by Amer-
ican Time Products, Inc., 580 Fifth Ave., 
New York 19, N. Y. 

• • • As announced by John F. Rider, pub-
lisher, 404 Fourth Ave., New York 16, 
N. Y., a new book on "F.NI. Transmission 
and Reception" includes pictorial repre-
sentations of f.m. as well as phase modula-
tion, with the fundamental theory simpli-
fied. it contains more than 300 pages and is 
available in two bindings at $1.80 ard 
$2.70. 

• • • A recent announcement from Sound 
Apparatus Co. 233 Broadway, New York 
7, N. Y., manufacturer of graphic record-
ers and vacuum-tube voltmeters, indicates 
an expansion of their facilities in the estab-
lishment of a Canadian representative. 
Harris Pound, 2235 Addington Ave., 
Montreal 28, P.Q., Canada, will be in 
charge of Canadian distribution of their 
products. 

Oscillo-Record Camera 
Operated on electronic principles, the 

new oscillo-record camera illustrated be-
low was designed by Fairchild Camera and 
Instrument Corp., 88-06 Van Wyck Blvd., 
Jamaica 1, N.Y., for general-purpose use 
in recording oscilloscope traces. 

Equipped for mounting atop standard 
laboratory  oscilloscopes,  this 35-mm. 
camera, which makes still or continuously 
moving film records, photographs high-
speed phenomena as well as very low-
speed phenomena (too low for visual con-
tinuity). It may also be used for quanti-
tive studies— of oscilloscope traces, for 
record purposes, and for tests using new 
multiple-beam tubes. 
This instrument operates from 20 

seconds at maximum speed to 20 hours at 
minimum speed, with 100-foot rolls; and 
from 3* minutes to 200 hours, with the 
1,000-foot magazine. A footage indicator 
shows the number of feet of film exposed. 

(Continued on page 60A) 
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NEY recious Metals in Industry 
Avt excuft-ftee 

W HEN USED AS SLIDING CONTACTS ON POTENTIOMETERS, 

GREATLY IMPROVED PERFOR MANCE MAY RE EXPECTED. 

I"FP  4, 4 

v_b 

0 7 

I 

7 3 III\ g   

e= =r-„; 

NE1-111111 #28 

for Slip Ring Brush Contacts 

This is a special alloy developed for 
use as brush contacts against coin silver 
slip rings. Laboratory tests and reports 
from users indicate life of better than 
10 million revolutions with no elec-
trical noise. 

o  25  50  75  100 

010001""s4u, N° 
2 

The oscillograph reproduced below shows 
the excellent linearity obtained when a 
potentiometer of fine quality was modi-
fied by the installation of PALINEY #7 
precious metal sliding contacts ... an im-
provement from -+- .22% to ± .12% was 
obtained in linearity. Further tests proved 
that this performance can be held over an 

extended service 
life (full test data 
available on re-
quest). 

In addition, Ney offers industrial users a wide 
range of precious metal alloys for many spe-
cialized applications as well as gold solders 
and fine resistance wires (bare or enameled). 

Write or phone (HARTFORD 2-4271) our Research Department. 

THE J. M. NEV COMPANY 171 ELM ST. • HARTFORD I, CO-

SPECIALISTS IN PRECIOUS METAL METALLURGY SINCE 1812 

FOR LOW HUM . . 
HIGH FIDELITY 

SPECIFY KENYON TELESCOPIC SHIELDED HUMBUCKING TRANSFORMERS 

For low hum and high fidelity Kenyon tele-

scoping shield transformers practically 
eliminate hum pick-up wherever high 

quality sound applications are required. 

CHECK THESE ADVANTAGES 

LO W HUM PICK-UP . . . Assures high gain with 
minimum hum in high fidelity systems. 

HIGH FIDELITY ... Frequency response flat with-
in  1 db from 30 to 20,000 cycles. 

i•-• DIFFERENT HU M RATIOS . . . Degrees of hum re-
duction with P-200 series ranges from 50 db 
to 90 db below input level ... made possible 

by unique humbuckling coil construction plus 
multiple high efficiency electromagnetic shields. 

• QUALITY  DESIGN  . . . Electrostatic shielding 
between windings. 

• WIDE INPUT IMPEDENCE MATCHING RANGE. 

#.-• EXCELLENT OVERALL PERFOR MANCE ... Rugged 
construction, lightweight- mounts on either end. 

• SAVES TI ME .. . In design ... in trouble shoot-
ing  in production. 

Our standard line will save you time and money. 
Send for our catalog for complete technical data on 
specific types. 

For any iron cored component problems that are 
off the beaten track, consult with our engineering 
department. No obligation, of course. 

KENYON TRANSFORMER CO., Inc. 
840 1ARRY STREET  NEW YORK U S A 
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News—New Products 

PILOT LIGHT 
ASSEMBLIES 

PIN SERIES  Designed for 
NE-51 Neon Lamp 

Features 

• THE MULTI-VUE CAP 
• BUILT-IN RESISTOR 
• 110 or 220 VOLTS 
• EXTREME RUGGEDNESS 
• VERY LOW CURRENT 
Write for descriptive booklet 

The DIAL LIGHT CO. of AMERICA 
FOREMOST MANUFACTURER OF PILOT LIGHTS 

90 0  BR OAD W AY, NE W YORK 3, N. Y. 
Telephone —Spring 7-1300 

2 6 4 5  \ 

"A Well Known Name in Radio for Over, 25 Years -

d tcL 

instant power for 

AR-CAM Transmitter 

Harvey Radio Laboratories, Cambridge, Mass., 
like th• majority of other leading mobile con, 
municotions manufacturers, specify Carter Gene-
moror• for their mobile transmitters. Lone life, 
small compact size, and instant output ors some 
of th• features found only in Cartier  the finest 
Rotary Power Supply. 

Write for n•vr bulletin 

DAYkRii j  c 
  RAteie - -Ar-----

\ !  I • I I ,1 \ I  I I • 

\ 

I NI r) I it 

These manufacturers have Invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. 

(Continued from page .59/1) 

New Cathode-Ray Tube 
A newly developed NORELCO ca-

thode-ray tube, Type 3QP1, for oscillo-
scope use is very short, has a flat face, and 
provides improved electron-optical char-
acteristics, particularly at the screen edge. 
The tube has improved cross-talk charac-
teristics between deflection-plate pairs, 
and is suited to the design of very small, 
light-weight service equipment needed in 
television installation and maintenance 
work, according to an announcement by 
North American Philips Co., Inc., 100 
East 42 St. New York 17, N.Y. 
Over-all length of the 3QP1 is only 

6f inches, and the face diameter is 2f 
inches. The tube utilizes PI (green) 
phospor and has electrostatic focus and 
deflection. Rated heater drain is low; 
0.3 amperes at 6.3 volts. Capacitance be-
tween terminals varies between 2 and 9 
pad. 

Miniature Receiving Tubes 
Three new nine-pin miniature tubes, 

Types 6T8, 19T8, and 12AT7, have been 
developed especially for use in f.m. and 
television receivers by the Tube Division, 
Electronics Dept., General Electric Co., 
at Schenectady, N.Y. 

The 12AT7 is a miniature-type twin 
triode designed for use as a grounded-grid 
r.f. amplifier or as a frequency converter 
at frequencies below approximately 300 
Mc. A center-tapped heater permits opera-
tion of the tube from either a 6.3-volt or a 
12.6-volt heater supply. Both the triple-
diode-triode 6T8 and 19T8 contain three 
high-perveance diodes and a high-au triode 
in the same envelope. One of the diodes 
has a separate cathode connection. The 
tubes are designed for use as combined 
a.n. and f.m. detectors and a.f. amplifiers. 
The heater of the 6T8 is designed for 6.3-
volt operation at 450 ma. while the 19T8's 
heater is built for 18.9-volt operation at 
150 ma. 
These tubes are f inch wide by 2/6i 

inches high. 

(Continued on page 6200 
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NOMINAL 517i 

5.4Y7 

IMPROVED FLEXIBLE WAVEGUIDE 

Suitable for high powered 
application. Excellent elec-
trical properties. Can be 
built to meet YOUR special 
pressurizing requirements. 
Army-Navy approved. 

We welcome your inquiries. 

DESIGNS and PRODUCES 

EtcCt'3O.a  aNd "IV C1.11it e 0.1 9,100( CI( 41 

650 Bloomingdale  Road,  Pleasant Plains 

Staten Island 9  Ne w York 

BRANCH OFFICES 
Balt, more  Detro,t  Los Angeles 

SURPLUS 
Equipment 

Tuning Unit TN 54/APR-4. range 2150 to 4000 
megacycles. p/o radar search receiver APR-4, 
consists of tuned mixer and oscillator stage. 
designed for 30 mc. IF., direct reading fre-
quency calibration. new. 

Tuning Unit TN 19/APR-40. range 975 to 2200 
megacycles. similar to the above. new. 

Radar Search Receiver AN/APR-1. with tuning 
units for range 300 to 4000 megacycles. new. 

Signal Generator, Measuements model 84, 300 to 
1000 megacycles. 1 to 100.000 microvolts metered 
output, pulse and cw modulation. 115 volts 60 
cps. In good working order. 

Microwave Generator. 'I'S 14/AP for Sa band, power 
meter for Lntenal and extenal metering, variable 
pulse width and delay, calibrated attenuator. 
new  $250.00 

Microwave Generator, TS 13/AP for Na band, power 
meter for internal and extenal metering, cali-
brated attenuator, new. 

F1uxmeter TS-15/AP. 1000 to 10.000 gauss. for 
.6" and 1.3" to 1.5" saw, new  ,60.00 

Panoramic  Adapter.  BC  1032.  input  frequency 
5.25 me. sweepwidth 1000 ke, 115 volts 60 cps, 
new  $85.00 

General Radio Precision Wavemeter. Type 724-A. 
16 kr to 50 megacycles. 0.25% accuracy. V.T.V. M. 
resonance indicator,  complete with accessories 
and  carrying  case.  new   200.00 

Audio Oscillator 1-131. Tlickock model 198. resist-
ance capacity tuned. range 20 to 20,000 cps. out-
put impedance 15 to  5000 ohms,  calibration 
within  2%  or 1 cycle,  115 v. 60 cps good 
working order  $45.00 

Radar  Jammer T-85/APT-5,  400  to  1500  mc. 
new  $50.00 

Radar Jammer T-213/APT-2. 435-715 me. 110 v 
400 cps, new  $40.00 

Synchroscone.  115  v 400  cps.  indicator  ID-
93/APG13A. new  $25.00 

Crystal Mixer Assembly. In em  $1  00 

Tunable Mixer Assembly, 10 em  $5.00 

Tunable Mixer cavity. 2000-4000 ory.   $3.00 

Oscillator, 1000-3000me, 2C40. calibrated ..$50.00 

Attenuator TPS-51PR-20. fixed 20 db  $3.50 

Attentiator  ('N-3n'APN,  30-100  di,.  ealibr,ted 
  $15.00 

Tyne N Connectors. MI 12. 21. 24. 23. 27. 30. 
50. 83, RR  945 TT and UHF Connectors 50239, 
P1,259.  M339.  1:1126617, Immediate delivery. 

RO-nin and RO-R/IT cable with  17G21/121 con-
nectors at ends 4.5' long  $2.00 

RI)!" Equipment DP-15 100-1500 Ice, for ',bin use, 
eninnlete with re-rentals.  zlmttttt seale. loon 11R-
11MI NV. med, lln v 60 eps  $160.00 

Radio Compass Receiver, Remits MN2S-A. 130-
1500 ke. 12 v, new  $40.00 

Glide Psth Receiver TIC-731T). 6 crystal enntrolled 
channels, 108-110 me, new  $12.00 

Dvnamotor G.E. 12 v, Innn y130 Ts mit. new $15 00 

Dvnarnntnr DM11  24  v. 030/1000 ,2in volts  st 
250/260 ma. new  Mon 

Transformers  113 v nn ens primaries! 

1. 7100 o 31  ungrounded  Thordarsen suit-
able for doubler  $15.00 

2. 11230 v 110 ma imarminded G.E  r12.00 
3. 2 seerindaries at 300 volts 5 arena ea-h  050.nn 

4. 1120 • ftml O M et., 2 x  ft 2 Amos c. t. 
Icy Ins. 6.3 • 3 amps 1700, ins 6.1 v.3 stuns 
1.7 im ins. potted  515.1)0 

Pulse input transformer. pormalloy eon.. no to 4000 
ke, impednnee ratio 120 to 2.570 ohms  $2.80 

"eramle feed thru capaeltors. threaded. 30 mmfrl. 
$5.00 per hundreo 

ELECTPO IMPULSE 
LABORATORY 

Box 250  Rod Bank, Ne w Jersey 

Red Bank 6-4247 

!Handle  today's problems in radio design and research 
(-- with this  -N 

UP-TO-THE-MINUTE 
treatment of 

RADIO ENGINEERING 

Just Out 

3rd edition 

This revised and 
enlarged  third 
edition  high-
lights  present-
day  develop-
ments in ultra-
high  frequency 
and  microwave 
techniques - 
wide-band  and 
pulse  methods. 

gtiO 
gyo 

A practical handbook. it provides a single reference 
source covering the entire field of radio engineering. 
It brings you detailed explanations of frequency modula-
tion, television, pulse techniques, and exploitation or 
the higher frequency parts of the spectrum. You'll find 
quickly the answers you want on everything from funda-
mental properties of electron tubes, tuned amplifiers. 
and vacuum-tube oscillators, to generation of special 
wave shapes,  radar, radio aids to navigation.  and 
television. A carefully planned chapter on circuits with 
distributed constants rives full coverage to tranamission 
lines, wave guides, and cavity resonators. Detailed ma-
terial on electron tubes includes electron optics. tran-
sit-time effects. and tubes such as the reflex klystron, 
magnetron, and traveling-wave tube. 

RADIO 
ENGINEERING 

(Third Edition) 

By FRE DERICK E M MO NS TER MA N 

Professor of Electrical Engineering and Dean of the 
School of Engineering. Stanford University 

951 pages, 6 x 9, 609 Illustrations. $7.00 

The new edition of this well-known book combines the 
wealth of dependable, basic information which made 
previous editions famous, with the material you need 
today to meet modern high-frequency demands and ex-
ploit their possibilities. Hundreds of excellent illustra-
tions -curve charts. diagrams, graphs. drawings. cir-
cuit diagrams and tables-reflect current needs and 
practices. Television, radar, frequency modulation. eta, 
are discussed In compact summaries which outline their 
basic principles: actual techniques are included through-
out, particularly in the chapter dealing with tubes, 
amplifiers. modulators, generation of non-linear wave 
forms, and so on. 

Note carefully some of the sublects 
explained in this book: 

-circuits having distributed constants 
-electromagnetic focusing systems 
-transit time effects in diode and triode tubes 
-cathode-coupled amplifiers 
- wide-band radio-frequency amplifiers 
- magnetron, reflex and power klystron and travel-

ing-wave tubes 
-frequency modulation techniques 
-generation of non-linear wave shapes 
-ultra-high-frequency propagation 
-differentiating and integrating circuits 

-television 
-frequency modulation equipment 

See if 10 Days FREE  • Mail Coupon 

MoGraw•HIll  Book  Co..  330 W.  42nd St., 
NYC 18 

Send me Terman's Radio Engineering for 10 
days' examination on approval.  In 10 days 
I will send $7.00, plus few rents postage. Of 
return book postpaid. (Postage paid on midi 
orders 

Name   
Address   
City and State   

Company   
Position  IRE-12-47 
(For Canadian prim, write McGraw-Hill 
Company of Canada. Ltd.. 12 Richmond 

Street E., Toronto. 1.1 
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AIRBORNE INSTRUMENTS LABORATORY'S 

Type 116 

POLAR 
RECORDER 

is now available for 
commercial use. 

IT IS FAST 
ACCURATE 
CUSTOM BUILT TO 
MEET SPECIFIC NEEDS. 

IT PLOTS voltage on either 
linear or logarithmic 
scale as a radial 
distance against 
angular position. 

DESIGNED TO graph antenna 
radiation patterns, 
it can be readily 
adapted to any task recordable in 

POLAR COORDINATES 

For Descriptive Material, write: 

, ‘Iito welltiamenh 
I N C O R P O  R A T  E D 

160 OLD COUNTRY ROAD • MINEOLA. N.Y. 

BEAT FREQUENCY GENERATOR 
TYPE 740-A 

FREQUENCY COVERAGE 

20 cycles to 5 mc. 

The six inch frequency dial of the Typo 140-A Boot Frequency Generator has been planned for maximum 
readability and rapid setting, with combined scale lengths of the low and high ranges exceeding 22 inches. . 
Continuous coverage of the entire audio spectrum is possible withoyl bothersome range switching. 

SPECIFICATIONS: 

Frequency Rang*: 20 cycles to 5 megacycles in two 
ranges. Low Range; 20 to 30,000 cycles. High Range: 
30 kc to 5 megacycles. Frequency Calawation: Accuracy 
*2 cycles up to 100 cycles,  2% above 100 cycles. 
Adjustment: High and low ranges have Individual zero 
beat adjustments. Low range may be checked against 
power line frequency with front panel 1 inch cathode ray 

BOONTO 
BOONTON • NJ' US-A• 

62A 

ADIO 

tube. Output Power and Impedances: Rated power output, 
one wart, available over the low frequency range from 
output Impedances of 20, 50, 200, 500,1000 ohms, and 
over both ranges from on output Impedance of 1000 
ohms. Output Athenuotor: Five steps, X1.0, X0.1, X.01, 
5.001, X.0001. Distortion, 5% or leis at 1 watt output; 
2% or I, ss for 1/2  volrogo output Writs for Catalog "IV' 

DESIGNERS AND MANUFACTURERS Of 

THE 0 METER  • On CHECKER 

FIROLIENCY  MODULATED  SIGNAL  GENERATOR 

SEAT  PREOUENCY GENERATOR 

AND OTHER DIRECT READING INSTRUMENTS 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

Information. Please T lfltIOD  your I.R.E. affiliation. 

( (  t n urd from page 60.4) 

General-Purpose 
Oscilloscope 

Incorporating the latest circuits, a new 
omnipurpose 5-inch oscilloscope, known as 
Model OL-15A, has been designed by 
Browning Laboratories, Inc., 750 Main St., 
Winchester, Mass. 

Among the features of this instrument 
is the response curve of the vertical ampli-
fier, which is linear and without positive 
slope from 10 cycles to 4 Mc. Thus, the 
transient response is such that a 100-kc. 
square wave which rises or falls in the 
order of 500 volts per microsecond is 
faithfully reproduced. The horizontal am-
plifier response extends linearly from 10 
cycles to 1 Mc. to accommodate any type 
of externally generated sweep voltage 
which one may wish to employ. The saw. 
tooth sweep range is from 5 cycles to 
500 kc. with synchronizing sensitivity 
permitting syncing and viewing 10Mc. 
r.f. sine waves. 
Because of the versatility of the OL-

15A oscilloscope, the manufacturer will 
undertake to advise those interested in the 
adaptation of the instrument to their 
particular measurement or viewing prob-
lem. Its dimensions are 151  121  191 
inches. 

High-Speed Recording Paper 

Developed for use with galvanometer 
and cathode-ray oscillographs, a new 
photographic recording paper has been 
announced by Eastman Kodak Co., Ro-
chester, N.Y. 
Known as Kodak Linagraph 1127 

Paper it is claimed to be the fastest of its 
type now made. It is more than twice as 
sensitive to blue light as existing high-
speed recording papers and between one-
third and one-half as sensitive as various 
recording films. 

(Continued on gage 664) 
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Do Radio Engineers Know 

• They Need Specifications—for Radio and Elec-
tronic Engineers control the technical buying of a 
two-billion-dollar industry. These men alone are com-
petent to set specifications for, and authorize the pur-
chasing of complicated equipment, instruments, 
tubes, materials and components that only a trained 
and experienced electronic engineer understands. 
These men are the key to your sales—and need the 
product specifications your advertising provides. 

• The Market—is over 17,000 qualified radio engi-
neers, working in 3000 manufacturing firms, radio 
and communication stations, engineering research 
laboratories, government bureaus and services and 
in production control divisions of large plants. They 
are the members of The Institute of Radio Engineers, 
selected both by stiff membership requirements at 
the beginning, and high enough dues through the 
years to insure active and interested readers. 

What You Make? 

• Why Engineers will use this Directory! The true 
value of reference advertising in a directory is "con-
stant use and service." This is a source-reference-
book edited by engineers for engineers and it lists 
engineers as well as firms and products. I.R.E. mem-
bers will find themselves and their friends listed both 
alphabetically, and geographically in "The I.R.E. 
Yearbook." Personal interest is the key to keeping 
and using The IRE. Yearbook. 

• 3 Directories in 1—Not only is it the only pub-
lished personnel list of radio and electronic engi-
neers, but combined in the same covers and always 
at hand is an alphabetical list of nearly 3000 firms 
supplying the industry, with code-keys to their prod-
ucts. In addition there is a product index for adver-
tisers only. This classifies in 100 fundamental and 
understandable groups set up by engineers, the 
products, instruments and materials they need. 

RATES For "Proceedings of I.R.E. 
Contract Advertisers" 

Space  Rate  Size 
I page  $250. 

2/3 page  180. 
1/3 page  100. 

1/6 page  60. 

6 Times 
7 "x10  225. 
43/4 "x10 "  160. 
121/4"x10 " 

(2i/4"x47/4"  55. 
141/4 " x2 Vs" 

90. 

Agency Discount 15%. Cash Discount 2% 10 days. 

GENERAL DATA 

Advertising rates and sizes of units 

are identical to "The Proceedings 

of the I.R.E." Closing date is 

Dec. 31st annually. 

The annual reference book of radio engineers 

I.R.E. YEARBOOK 
THE  INSTITUTE  OF  RADI O  EN GI NEERS 
303 West 42nd Street, New York 18, N. Y. 

WILLIAM C. COPP — National Advertising 'Manager 

SCOTT KINGWILL 
Central States Representative 

35 E. Wacker Drive 
Chicago 1 

HANNON AND WILLSON 

Pacific Coast Representatives 

412 West 6th St.  Los Angeles 14 

C1-64,357 
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( ) 501. Books & Book Publishers. 
( ) 502. Broadcasting  Stations  & 

Communication Cos. 
( ) 503. Consulting Engineers: 

( ) a. Acoustical. 
( ) b. Electrical. 
( ) c. Mechanical. 
( ) d. Radio. 

( ) 504. Distributors & Jobbers of 
Radio  &  Electronic 
Equipment & Supplies. 

INFORMATION SERVICE 
I.R.E. Yearbook and I.R.E. Industry Research Division 

A two-fold service is available without cost to firms supplying products for or rendering technical services to the radio-
and-electronic industry. (1) The I.R.E. Yearbook, which is noted for its reference value, lists more than 3,000 firms and 
furnishes product or industry classification. (2) A classified index of products and services is maintained by the I.R.E. 
Industry Research Division. Radio engineers continuously draw upon this bank of statistical data. 

These two sources of information are not only invaluable to I.R.E. members and other engineers, but the proper listing 

of your company may bring you new business. 
Check off the appropriate items and send this questionnaire today: Industry Research Div., Proceedings of the I.R.E. 

Room 707, 303 West 42nd St., New York 18, N.Y. 

Please read carefully and fill out completely. 

PERSONNEL INFORMATION   

In addition to data regarding products and/or services you render the 
radio-electronic field, please supply information requested below. 

Firm Name Chief Engineer 

Street   Town   Zone   State   

The proper person to receive information and announcements — 

On Product Data   Title   

On Advertising   Title   

Classifications to Be Checked by Non-Manufacturing Firms 
Rendering Services to the Radio-Electronic Field  

Wholesale  Radio Dealers, 
see Distributors & Jobbers. 

Classification If Not Listed 

) 505. Frequency  Measuring  & 
Monitoring Services. 

) 506. Baboratories  &  Custom 
Builders of Equipment. 

) 507. Recording Studios & Serv-
ices. 

) 508. Technical Schools & Insti-
tutions. 

) 509. Transcription Libraries. 

) 

Products to Be Checked by Radio-Electronic Manufacturers 
1. Aircraft & Airport Radio 

Equipment. 
2. Amplifiers, Audio 

Frequency. 
3. Antennas: 

( ) a. AM Broadcast 
Transmitting. 

) b. Dummy. 
) c. FM Broadcast 

Transmitting. 
) Miscellaneous Types. 
) e. Receiving, all serv-

ices. 
) f. Television Transmit-

ting. 
4. Antenna Phasing Equipment 

& Accessories: 
( ) a. Feeder Lines & Aces. 
( ) b. Phasing Equipment. 
( ) c. Tower Lighting 

Equipment. 
5. Attenuators. 
6. Batteries: 

( ) a. Dry "A". 
( ) b. Dry "B". 
( ) c. Dry Miniature. 
( ) d. Wet Primary. 
( ) e. Wet Secondary. 

7. Blowers & Cooling Fans. 
Bridges, see Testing Equip. 

8. Cabinets, Wooden. 
9. Cables: 

( ) a. Coaxial. 
( ) b. Microphone. 
( ) c. Pre-Formed 

Harnesses. 
( ) d. Shielded. 
( ) e. Ultra-High Freq. 

( ) 

( ) 

( ) 

10. Capacitors, Fixed: 
( ) a. Ceramic. 
( ) b. Electrolytic. 
( ) c. Mica. 
( ) d. Oil Filled. 
( ) e. Paper. 
( ) f. Pressurized Gas. 
( ) g. Vacuum. 

11. Capacitors, Variable: 
( ) a. Neutralizing. 
( ) b. Precision. 
( ) c. Temperature-Freq. 

Compensating. 
( ) d. Trimmer. 
( ) e. Tuning. 
( ) f. Vacuum. 

12. Ceramics: 
( ) a. Coil Forms. 
( ) b. Ground Mica. 
( ) c. Rods. 
( ) d. Sheets. 

13. Chassis 8r Relay Rack Cab-
inets, Metal. 

Coil Forms, see Ceramics. 

14. Coils: 
( ) a. Chokes, AF & RF. 
( ) b. Miscellaneous 

Types. 
( ) c. Toroids. 
( ) d. Transformer Coils. 
( ) e. Tuning. 

Condensers, see Capacitors 

15. Connectors. 

Consoles, see Amplifiers. 

• 

( ) 16. 

( ) 

Converters: 
( ) a. Frequency. 

b. Rotary, see Motor 
Generators. 

( ) c. Vibrator. 

Core Materials: 
( • ) a. Complete Cores. 
( ) b. Laminations. 
( )c Powdered Iron. 

Crystals: 
( ) a. Oscillating Quartz. 
( ) b. Piezo-Electric. 
( ) c. Rectifier. 

Discs, Recording, 
see Recording Equipment. 

Drafting Equipment & Sup-
plies. 

Dynamotors, 
see Motor Generators. 

Electronic Control Equip.: 
( ) a. Air Conditioning 

Controls. 
b. Burglar  Alarm  & 

Protection Devices. 
c. Combustion & Smoke 

Control Equip. 
d. Fire Prevention Eq. 
e. Photo-Electric Con-

trol Devices. 
f. Production Controls, 
Counting & Sorting 
Equipment. 

( ) g. Variable Speed Mo-
tor Controlling Eq. 

21. Equalizers. 
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Products to Be Checked by Radio-Electronic Manufacturers 
) 22. Facsimile Equipment. 
) 23. Filters: 

( ) a. Band Pass. 
( ) b. Noise Elimination. 
( ) c. Sound Effect. 

( ) 24. Frequency Meas. Equip.: 
( ) a. Audio Frequency. 
( ) b. Primary Standards. 
( ) c. Radio Frequency. 
( ) d. Secondary 

Standards. 
) 25. Fuses & Fuse Holders: 

Generators: 
a. Power, see Motor. 
b. Signal,  see  Frequency 

Meas. Equip., also 
Testing Equip. 

( ) 26. Graphic Recorders. 
( ) 27. Hardware: 

( ) a. Binding Posts. 
( ) b. Bushings. 
( ) c. Dials & Tuning 

Controls. 
( ) d. Flexible Shafts. 
( ) e. Lugs. 
( ) f. Screws. 
( ) g. Springs. 

) 28. Induction Heating Equip. 
) 29. Inductors. 
) 30. Insulation: 

(Also see Ceramics) 
( ) a. Cloth. 
( ) b. Glass Seals. 
( ) c. Mica. 
( ) d. Paper. 
( ) e. Varnished Cambric. 

) 31. Jacks & Jack Fields. 
) 32. Keys: 

( ) a. Switching. 
( ) b. Telegraph. 

Knobs, see Moulded Prods. 
) 33. Lacquers: 

( ) a. Finishing. 
( • ) b. Fungus Proofing. 
( ) c. Protecting. 
( ) d. Waterproofing. 

) 34. Loudspeakers & Head-
phones. 

) 35. Machinery, Fixtures, & Tools 
for Radio-Electronic Mfg. 

) 36. Magnets: 
( ) a. Electro. 
( ) b. Permanent. 

Measuring Equipment, 
see Testing Equipment. 

Metals: 
) a. 

( ) b. 
( ) c. 
( ) d. 

) 38. Meters: 
( ) a. Ammeters. 
( ) b. Frequency 

Indicating. 
( ) c. Power Level. 
( ) d. Vacuum Tube Volt-

meters. 
( ) e. Voltmeters. 
( ) f. Wattmeters. 

Mica, see Insulation. 
) 39. Microphones. 

) 40. Monitoring Equipment: 
( ) a. Frequency. 
( ) b. Modulation. 

) 41. Motor Generators: 
( ) a. Dynamotors. 
( ) b. Motor Generators. 
( ) c. Rotary Converters. 

) 37. 
Copper. 
Ferrous. 
Non-Ferrous. 
Precious & Rare. 

( ) 42. Motors, Very Small. 
( ) 43. Moulded Products & Mould-

ing Services: 
( ) a. Cabinets. 
( ) b. Insulators. 
( ) c. Knobs, etc. 
( ) d. Plastic Parts. 
( ) e. Phenolic Sheet. 

( ) 44. Optical  Systems,  Mirrors, 
Screens & Accessories. 

( ) 45. Oscillators: 
( ) a. Audio Frequency. 
( ) b. Radio Frequency. 
( ) c. Square Wave 

Generators. 
) 46. Oscillographs & Accessories. 
) 17. l'anels. 
) 48. Phonograph & Transcription 

Pickups: 
( ) a. Crystal Cartridges. 
( ) b. Magnetic 

Cartridges. 
( ) c. Playback Arms, only. 

d. Preamplifiers, 
see Amplifiers. 

) 49. Pilot Lights & Assemblies. 
) 50. Plastics: 

( ) a. Raw Materials. 
( ) b. Rods. 
( ) c. Sheets. 

) 51. Plugs. 
) 52. Power Supplies. 
) 53. Pumps, Vacuum. 

Racks, see Chassis. 
) 54. Radar Equipment & Associ. 

ated Apparatus. (Also see 
Aircraft & Airport Eq.) 

( ) 55. Radio Receivers: 
( ) a. Broadcast. 
( ) b. Communications. 
( ) c. Fixed Frequency. 
( ) d. Freq. Modulation. 
( ) e. Special Purpose. 
( ) f. Television. 

56. Record Changers. 
57. Recording Equip. & Supp.: 

( ) a. Blanks. 
( ) b. Cutting Heads. 
( ) c. Magnetic Wire 

Recorders. 
( ) d. Needles. 
( ) e. Turntables & Machs. 

58. Rectifiers: 
( ) a. Metallic. 
( ) b. Meter Rectifiers. 
( ) c. Vacuum Tube. (Alm 

see Power Supp.) 
Regulators, Voltage, 
see Voltage Regulators. 

59. Relays: 
( ) a. Keying. 
( ) b. Power. 
( ) c. Stepping. 
( ) d. Telephone Types. 
( ) e. Time Delay. 
( ) f. Vacuum Enclosed. 

( ) 60. Remote Controlling Equip.: 
( ) a. Automatic Tuning 

Mechanisms. 
( ) b. Remote Switching 

Mechanisms. 
) 61. Resistors: 

( ) a. Fixed. 
( ) b. Precision. 
( ) c. Vacuum Sealed. 
( ) d. Variable. 
( ) e. Wire Wound. 

) 62. Sockets: 
( ) a. 
( ) b. Transmitting Types. 

( ) 63. Solder: 
( ) a. Cored. 
( ) b. Plain. 

Speakers, see Loudspeakers. 

Receiving Types. 

( ) 
( ) 

( ) 

( ) 

) 64. Switches: 
( ) a. Circuit Breaking. 
( ) b. Key. 
( ) c. Power. 
( ) d. Receiver Wave Band 

Changing. 
( ) e. Rotary. 
( ) f. Time Delay. 
( ) g. Transmitter Wave 

Band Changing. 
) 65. Testing & Measuring Equip.: 

( ) a. Bridges. 
( ) b. Capacitor Testing. 
( ) c. Inductance & "Q" 

Testing. 
( ) d. Resistance Testing. 
( ) e. Vacuum Tube Test-

ing. 
( ) f. Wave Form Analyz-

ers & Distortion Test-
ing. 

) 66. Transformers: 
( ) a. Audio Frequency. 
( ) b. Hermetically Sealed 

Types. 
( ) c. High Fidelity Audio 

Types. 
( ) d. Power Components. 
( ) e. Pulse Generating 

Types. 
( ) f. Radio Frequency. 

) 67. Transmitters: 
( ) a. Amplitude Modula-

tion. 
( ) b. Communication. 
( ) c. Freq. Modulation. 
( ) d. Police & Emergency. 
( ) e. Television. 
( ) f. Ultra-High Freq. 

) 68. Ultra-High Frequency 
Equipment & Accessories: 
( ) a. Antennas & 

Reflectors. 
( ) b. Measuring&Testing. 

Equipment. 
( ) c. Tuning Elements. 
( ) d. Wave Guides. 

) 69. Vacuum Tubes: 
( ) a. Cathode Ray. 
( ) b. Geiger Mueller. 
( ) c. Industrial Types. 
( ) d. Klystrons & 

Magnetrons. 
) e. Receiving Types. 
) f. Rectifiers. 
) g. Special Purpose & 

Phototubes. 
) h. Television Tubes. 
) i. Transmitting Types. 
) j. Voltage Regulator. 

Varnishes, see Lacquers. 
70. Vibrators, Power Supply. 
71. Voltage Regulators: 

( ) a. Automatic. 
( ) b. Manually 

Controlled. 
72. Waxes  &  Sealing  Com-

pounds. 
73. Wire: 

( ) a. Copper. 
( ) b. Precious Metal. 

Products Not Listed Above 

IMPORTANT -Mail Today To: 
Industry Research Division, 
Proceedings of the I.R.E., 
Room 707, 303 W. 42nd St., 
New York 18, New York. 
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O i °  H. H. BUGGIE 
QUICK DISCONNECT 

MINIATURE CONNECTORS 

ARE SOLDERLESS, LIGHT WEIGHT, AND LOW PRICED 

v• 

• Designed to meet your most exacting electrical and mechanical 

requirements, H. H. Buggie  tors 1118 and 1119 are used for 
 ting RG-58 ,U and RG-59 jU cables. Small in size (diameter 

25/64 " and mated length W e), they have a V. S. W. R. of less than 

1.1 up to 1000 MC. No special tools required for assembly. 

WRITE FOR SAMPLES AND QUOTATIONS. 

USES FOR 
CONNECTOR 1119 
For 72 ohm 
operation on 
television 

receiving and 
video equipment 

• 

USES FOR 

CONNECTOR 1118 
For 52 ohm 
operation on 

communications, 
radio and 

test equipment 

H. H. BUGGIE & COMPANY • TOLEDO 1, OHIO 

3Innoun aMil 
NE W 1943a 

C AT AL O G 
with the most complete line of R.F. Coils, Chokes, 
Interference Filters and accessory components ever 
offered to the Manufacturer, Serviceman and Ex-
perimenter! 

Many new items including a NEW F-M Tuner Kit, 
Television R.F. power supply Transformer, minia. 
lure I.F. Transformers only V." square by 2" high. 

Ask for your copy, NOW. Free, of course. 

When you need R.F. Coils and Chokes, you need 
MILLER. 

Soo your Wholesaler or 
write us for literature 

J. W. MILLER COMPANY 
5917 S. Main St., Los Angeles, Calif. 

•BU1LDERS Of QUALITY RADIO INDUCTANCES SINCE 1924 

RA WSON 
ELECTROSTATIC VOLTMETERS 

Now available to 35,000 volts 

Measure true R.M.S. values on A.C., no 
waveform or frequency errors. 

NO POWER CONSUMPTION 
Leakage resistance greater than one mil-
lion megohms. These meters may be used 
to measurc 

STATIC ELECTRICITY! 
Ideal for measuring high voltage power 
supplies with zero current drain. 
Rugged, well-damped movement. 
All elements surrounded by metal shielding 
for accuracy and safety. 

Write for new bulletin. 

RA WSON ELECT RI CAL 
INSTRU MENT CO MPANY 
118 POTTER ST.  CAMBRIDGE, MASS. 

Representatives 
Chicago  - New York City  - Los Angeles 

News—New Products 
These manufacturers have Invited PROCEEDINGS 
readers to write for literature and further technical 
Information. Please mention your  affiliation. 

(Continued /ton' page 62A) 

Composition Resistors 
The well-known "Little-Devil" com-

position resistors, offered by °brake 
Manufacturing Co., 4862 Fluornoy St., 
Chicago 44, III., arc now available in the 
and 1-watt sizes with a tolerance of 

±5 per cent. This is in addition to the 
standard line of 10 per cent units. 

The size of the i-watt resistor is only 
f-inch long and 9/64-inch diameter; the 
1-watt unit is 9/16-inch long and 7/32-
inch diameter. They are claimed to meet 
all test requirements for the best quality 
characteristics of joint Army-Navy speci-
fication JAN-R-11, including salt-water 
immersion cycling and high-humidity 
tests. 
These resistors are completely sealed 

and insulated by molded plastic. Leads 
are soft copper wire, hardened immedi-
ately adjacent to the resistor body, 
strongly anchored, and hot-solder coated. 
All units are individually marked with 

the resistance value and wattage for quick 
identification, and in addition are color-
coded. They are available from stock, ac-
cording to an announcement by the manu-
facturer, in standard RMA values and 10 
ohms to 22 megohms. 

New A-323B Amplifier 
Altec Lansing Corp., of Hollywood, 

Calif., announce the availability of a new 
amplifier, designated as A-323B. It is 
claimed to be capable of realizing the full 
resources of the new professional f.m. 
tuners. 

The manufacturer emphasises the fact 
that this amplifier was designed with a 
particular view to its use in high-quality 
music reproducing systems in which the 

(Continued on page 68A) 
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The Best Resistors 
Are Not Enough 

1111•111011111■1111111111111C11111111111111111ONIIMO ME 

I The most complete line of high quality resistors is  t enough. 
IRC considers sincere service—cooperative deve  ment work, 
unbiased recommendations, on time deliveries, genuine help 
in emergencies and friendly follow thru also vital in meeting 
advancing demands of industry. 

The RESISTOR ANALYSIS COUNCi 
ment of this concept. Sponsored by 
provide experienced technical aid 
electrical and mechanical. Worki 
requirements, confidential anal 
assembly costs, eliminate 
performance. You may obtl 
data on your resistor pr 
Resistance Company,i 

Resistor Analysis Council 
A new IRC industry service. Composed of IRC electrical and 
mechanical engineers plus production specialists, the RAC—, 
Resistor Analysis Council operates as consultant to engineers 
and designers. Provides confideniial analysis of resistor 
requirements—helps solve electrical, mechanical and cost 
considerations. RAC's industry knowledge is sufficiently broad 
that recommendations need not be confined to IRC products. 
Consult the Resistor Analysis Council on your present or 
anticipated resistor problems. 

On Time Deliveries 
Purchasing Agents and material control executives rely upon 
IRC's "on time" deliveries. They know that regardless of a 
product's high quality, assembly line problems are a natural 
consequence when delivery schedules aren't met. IRC delivers 
"on time --also maintains factory stock piles of most popular 
resistor types and ranges assuring you of real assistance 
emergencies. 

1 1 1  

INTERNATIONAL I 

L is a natural develop-
IRC, and established to 
lin your resistor problems— 
ng together on your specific 
lysis may disclose ways to cut 
mpensive "specials" or improve 
iin this counsel by sending available 
Dblem to the RAC at — International 
101 N. Broad St., Philadelphia 8, Pa. 

IS VITAL 

It 

Complete Line 
Only IRC produces such a wide range of resistor types. All 
your requirements can be readily supplied from one source. 
Manufacturing all types, IRC's recommendation on the proper 
resistor for your product is unbiased. For over two decades 
IRC has concentrated its engineering and manufacturing 
talent exclusively on resistors. You benefit by this accumu-
lated experience when you specify IRC. Technical Data 
Bulletins are available on .each IRC resistor type. 

Industrial Service Plan 
Providing speedy "round-the-corner" deliveries on your small 
order requirements, IRC's distributor network maintains well. 
stocked shelves of all standard items. No time lost when you 
need experimental or maintenance quantities in a hurry. 
When time means money you profit by competent service 
from the IRC distributor in your area —write for his name 
and address. 

CANCE COMPANY 
IN CANADA  INTERNATIONAL RESISTANCE COMPANY, LTD., TORONTO, LICENSEE 

Resi‘tors • Precis;ons • InIuIat•d Composition R•sistors • low Wattog• Wire Wounds • RheOstots • Controls • Voltrno•r Multipli•rg • Vollog• Dived•rs • HF and High Voltog• Resistors 
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RCA RECEIVING TUBE MANUAL 

UP-TO-THE-MINUTE—accurate—au-
thoritative . . . that describes the 

completely revised and expanded "RC-
15" RCA Receiving Tube Manual. Fea-
tures RCA's complete receiving tube line 
including miniatures and kinescopes ... 
modernized Resistance-Coupled Ampli-
fier Charts ... 55 pages of tube and cir-
cuit theory . . . new circuit section . . . 
easier to use, abbreviated style of pres-
entation. 

If you are unable to obtain your copy 
of the new RC-15 locally, send 35 
cents to RCA, Commercial Engineering, 
Section W-52L, Harrison, New Jersey. 

@
TUBS DEPART MENT 

RADIO CORPORATION 
of AMERICA 
HARRISON, N.J. 

V\VB BETTER ELECTRONIC EQUIPMENT 
ever4 

••••  ae 
•roNic 

ALL 
PA. 
NEEDS 
Par-Metal 
Equipment 
is preferred by 
Service Men, 
Amateurs, and 
Manufacturers 
because they're . 
adaptable, easy- ' 
to-assemble, eco-
nomical. Beautifully 
designed, ruggedly 
constructed by spe-
cialists. Famous for 
quality and economy. 
Write for Catalog. 

STANDARDIZED 

READY-
TO-USE 
CABINETS 

• 

CHASSIS 
• 

PANELS 
• 

RACKS 

PAR- METAL 
PRODUCTS CORPORATI ON 
32.62- 119th ST., LONG ISLAND CITY 3, N.Y. 

Export DOA.: Rocke International Corp. 
13 East 40 Street, New York 16 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 66A) 

electrical elements—tuner, amplifier, rec-
ord player and speaker—are either wholly 
concealed in the interior structure of a 
room, or partly concealed in furniture al-
ready in harmony with the interior scheme. 
This amplifier features built-in equali-

zation to operate direct from the new high-
quality General Electric variable-reluc-
tance or Pickering magnetic pickup car-
tridges. It has a hum-balancing potentio-
meter that eliminates the necessity of 
careful selection of present-day tubes for 
quiet, noiseless operation. Another feature 
is a treble tone control consisting of a true 
low-pass filter which is adjustable by steps 
to give a sharp cutoff of noise frequencies 
and yet allow full reproduction of all 
usable high frequencies on phonograph 
records. 
The A323B amplifier has two high-

impedance inputs, one for phonograph 
pickup and the other for radio. It carries 
a nominal rating of 15 watts and will 
deliver this rated power within ldb from 
35 cycles to 12,000 cycles. Its frequency 
response is flat from 20 to 20,000 cycles. 
Address inquiries to Altec Service Corp., 

250 West 57th St., New York 19, N.Y. 

High-Voltage Ignitron 

A new ignitron tube, Type GL-5630, 
for radio transmitter and power-rectifica-
tion applications, has been developed by 
the Tube Division 
of the General Elec-
tric Co., Electronics 
Dept., Schenectady 
N. Y. The new tube 
rectifies and regu-
lates current and 
provides a one-cycle 
circuit-breaker ac-
tion simultaneously. 
Suitable for ap-

plications which re-
quire up to 3000 
kilowatts of d.c. 
power,  the  new 
tube is expected to 
solve an important 
power-supply prob-
lem for broadcast 
stations, users of 
induction heating, 
and laboratories em-
ploying cyclotrons 
and synchrotrons. 
A control grid, 

which times cur-
rent to a microsecond, gives the tube 
its voltage-regulating and circuit-breaker 
qualities. Its handling of high voltages is 
achieved by a special potential-dividing 
grid which lowers the voltage gradient be-
tween the anode and cathode. 
This new tube is of the stainless-steel-

jacketed type, and has a peak voltage, 
forward or reverse, of 20,000 volts. Its 
peak current is 200 amperes and its aver-
age current is 50 amperes. 

inch 
first in facsimile 

for broadcasting and point-
to-point communication! 

FINCH TELECOMMUNICATIONS 
IN C O R P OR ATE D 

SALES OFFICE 
10 EAST 40th STREET, NEW YORK 

FACTORIES PASSAIC N 

TRANSDUCERS 
by AUTOFLIGHT 

FO R  LI NE A R 

AC CE LE R ATI O N 

Unique Linear Acceleration 

Transducers...lightweight, 

small, rugged, dependable. 

Linear electrical signal output 

proportional to acceleration. 

High angular resolution. Mass 

weight magnetically damped 

for optimum performance un-

der all conditions. 

Write for 

detailed 

information. 

emr4,4 
iTOFLIGF* 

G. M. GIANNINI 
CO., INC. 

285 WEST COLORADO ST. 
PASADENA 1, CALIFORNIA 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. Affiliation. 

Electronic Microaxnmeter 
A high-sensitivity d.c. microammeter, 

known as Model 301, is now being pro-
duced by Beta Electronics Co., 1762 Third 
Ave., New York 29, N. Y. 

The manufacturer claims that this in-
strument cannot be damaged by any de-
gree of overload. Five sensitivity ranges, 
of from 0.01 microamperes full-scale to 
100 microamperes full-scale, are provided, 
with 40 millivolts full-scale input on all 
ranges. This unit may also be used as a 
null-detecting galvanometer, with a sensi-
tivity of approximately 100 millivolts full-
scale, or 0.0005 microamperes per division. 
The d. c. amplifier is stablized with 

negative feedback, so that the zero drift 
after a short warm-up period is unnotice-
able, and the zero shift between ranges is 
negligible. The instrument operates satis-
factorily over an input-voltage range of 
95-130 volts, 50/60 cycles. 
A sloping-panel steel cabinet, measuring 

8 X8 X8 inches, houses the entire unit. 
There is a minimum number of controls, 
rendering operation extremely simple. An 
internal calibrating circuit is included, 
permitting rapid check of accuracy at any 
time. 
Applications for the instrument may be 

found in the fields of photoelectricity, 
ionization-gauge current measurements, 
high-resistivity measurements, biophysical 
research, etc., particularly where small 
currents are to be measured. 

NOTICE 
Information for our News and 

New Products section is warmly 
welcomed. News releases should 
be addressed to Mrs. Harriet P. 
Watkins, Industry Research Divi-
sion, Proceedings of I.R.E.. Room 
707, 303 West 42nd St., New York 
18, N. Y. Photographs, and elec-
trotypes if not over 2" wide, are 
helpful. Stories should pertain to 
products of interest specifically to 
radio engineers. 

5.4 
FREQUENCY METER 
;-iesigned especially for 
•flobile transmitters. Read. 
,9 accuracy to one part 
n one thousand.  Tests 
frequencies from 1.5 to 
100 mc. Telescoping on-
tenna forms convenient 
bond's. 

FU • 12 FM-AM 
TUNER 
Hi-sensitivity tuner 
for FM-AM leceo-
tion.  Separate  RF 
and IF systems on 
both bands. Arm-
strong  FM circuit. 
One antenna serves 
both FM and AM. 
Tuning  eye  shows 
correct tuning. 

OTHER BROWNING 

IN  

MJ-9  Frequency 
Meter  and  ECO 
for  Horns.  RH-10 
Frequency Calibra-
tor for full, accu-
rate use of WWV 
signals. Model M-
IS Oscilloscope for 
laboratory work, 
production  testing 
or research. 

WRITE FOR DESCRIPTIVE LITERATURE 

BROWNING [ABORAIORIES INC 
WINCHESIER, MASS 

CO-AX 
CONNECTORS 

AVAILABLE FOR 

IMMEDIATE 

DELIVERY 

We carry all popular stand-
ard and British type coaxial 

cable connectors in stock. These connectors are 
brand new and were produced for the Government 
by the leading manufacturers in this field. Our in-
ventory contains sufficient quantities for the largest 
users at prices well below the market. Write or wire 
for special Coaxial Cable and Connector Listing 
100A or send us your requirements. 

Manufacturers 

end Distributors 
Wells maintains one of the 
world's largest inventories 
of highest quality radio-
electronic components. 
Our new catalog, now 
ready, will be mailed upon 
M U M. 

' W ELLS/   
SALES. INC.  320 N. La Salle Street 

•  Dept. RE. Chicago IS. Illinois 

Worthy of an Engineer's Careful Consideration 

TYPE 102- A LINE AMPLIFIER 
TYPE 102A Amplifier is one of the 102 Series 

Line Amplifiers of which four different types are 

available. The "A" is mostly used to drive the 

line after the master gain control. It is quiet, has 

excellent frequency characteristic and ample 

power output with low distortion  products. 

The Lange th!.. Company 
SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING 
NE W YORK  SAN FRANCISCO  LOS APICES'S 

31 W OS Sr  23  1030 Pl•.•“I Sr  3  1000 AI Sowani St. 33 

MANUFACTURERS 

OF WORLD-FAMOUS 

RADIO TUBES 
0 F 

Vade(vieweet 2ceatity 
SYLVAN IAVTLECTRIC 

Radio Tube Division,Emporium, Pa. 

MAKERS OF RADIO TUBES; CATHODE  RAY TUBES; ELECTRONIC DEVICES; 
FLUORESCENT  LAMPS,  FIXTURES, WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 
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PROFESSIONAL CARDS 
JOHN F. BRINSTER 

Applied Physics, Mathematics and Electronics 
Design Industrial Applications Engineering 
Research  Development  Consultation 

Specialist in Radio Telemetering 

THE APPLIED SCIENCE 
CORPORATION OF PRINCETON 
P.O. Box $44, Princeton, N.J. 
Phone: Lawrenceville, N.J. 430 

Office & Laboratory: U. S. Highway $ I, 
RD. $4, Trenton, New Jersey 

W. J. BROWN 
Electronic Re Radio Engineering Consadiani 
Electronic  Industrial  Applications,  Corn. 
mercial and Broadcasting Transmitter and 
Receiver Design, Test Equipment, etc. 

23 years experience in electronic 
development 

P.O. Box 5106, Cleveland, Ohio 
Telephone, Superior 1241 
Office, 912 Park Building 

EDWARD J. CONTENT 
Acoustical Consultant 

Functional Studio Design 
FM - Television - AM 
'%udio Systeme Engineering 

Roxbury Road  Stamford 3-7459 
Stamford, Conn. 

HERBERT A. ERF 
Architectural Acoustics 

Consultant 
STUDIO DESIGN 

Standard Broadcast —FM —Television 
Cleveland IS. Ohio 

MI Carnegie Avenue  EXpreu 1616 

DAVID C. KALBFELL, Ph.D. 
Engineer — Physicist 

Complete laboratory facilities 
Industrial instrumentation and control 
Broadcast engineering and measurements 
1076 Morena Boulevard  Jackson 1939 

San Diego 10, California 

EAirmount SIOS  EXpress 7766 

FR A NK M ASS A 

Electro-Acoustic Consultant 

3393 Bellwood Road  3868 Carnegie Avenue 
CLEVELAND, OHIO 

EUGENE MITTELMANN, El., Ph.D. 
con•ulting Englnees & Physlcias 
HICH FREQUENCY HEATING 
INDUS1 R I AL ELECTRONICS 
APPLIED PllYSICS & 
MA I IILMA I ICS 

549 W. Washington Blvd. Chicago 6, III. 
Phone: State 8021 

IRVING RUBIN 
Physicist 

Radio interference and noise meters, Inter-
ference suppression methods for ignition sys-
tems and electrical devices. Laboratory facili• 
Des. 
P.O. Box 153, Shrewsbury, New Jersey 

Telephone: REDBANK 6-4247 
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Consulting Engineer 
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silicone-treated 
„ :efe-‘44  eet:0 

Here's a happy combination of materials that will solve 
your problem. Dieflex tubings and sleevings of braided 
glass fiber are impregnated with heat-defying Silicone. The 
result is an insulating product that will stand unusually 
high temperatures for long periods of time. You can use 
it confidently where other products have failed. 
Dieflex tubings and sleevings in all VTA and ASTNI 

grades are carefully manufactured to help solve your 
insulation problems. Whether the base is braided cotton 
or inorganic glass fiber, you're sure of a continuously high 
standard of quality that insures the best performance in 
your product. 

INSULATION 
MANUFACTURERS CORPORATION 
•CHICAGO 6 
565 W. Washington 
Boulevard 

MILWAUKEE 2 
312 E. Wisconsin Ave. 

•local Stocks Available 

•CLEVELAND 14 

1231 Superior 
Ave., N. E. 

DAYTON 2 
1315 Mutual Home 
Building 

VARNISHED TUBING PRODUCTS 

DIEFLEX  PR ODUCTS  LIST 
MADE WITH BRAIDED COTTON SLEEVING BASE —VTA 

Grade A-1 Magnoto Grado Varnished Tubings  VTA 

Grade B-1 Standard Grade Varnished Tubing. —VTA 
Grados C-1 and C-2 Heavily Coated Saturated Sloov-

ings —VTA Grade C-3 Lightly Coated Saturated Sleev-

ings —Heavy Wall Varnished Tubing. and Saturated 
Sloovings. 

MADE WITH BRAIDED GLASS SLEEVING BASE —VTA 

Grade A-1 Magneto Grade Varnished Fiberglas Tub-
Ings —VTA Grade C-1 Extra Heavily Saturated Fiber-

glas Sleevings —VTA Grade C-2 Heavily Saturated 

Fiberglas 5 loevings —VTA Grade C-3 Lightly Saturated 

Fiberglas Sleevings —Silicone-Treated Fiberglas Var-

nished Tubing. and Saturated Weavings.  *  

IMC Representatives 
DETROIT 2-11341 Woodward Ave. • PEORIA 5-101 Heinz Court 

MINNEAPOLIS 3 -1208 Harmon Place 

Authorized Distributors 
INSULATION and WIRES INCORPORATED 
St. Louis 3, Mo.  . Atlanta 3, Ga.  • Boston 20, Mass. 
Detroit 2, Much.  • Houston 2, lox. • Now York 7, N.Y. 

TRI-STATE SUPPLY CORPORATIONS 
Los Angeles 13, Cal. • San Francisco 7, Cal. • Soolllo 4, Wash. 
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First Choice of The 
Great Silver Fleet 

11  Eastern Air tines Cliooses VIII.C.0% 

tor their tl  New.ilpe 

eet  Cons tellations  

Write Today FOR COMPLETE 

INFORMATION AND SPECIFICATIONS 

EIR M 
COMPANY ,INC 

New Features Offered in the 
118-132 Mc. Band by the Wilcox 
Type 361A Communications System 

• UNIT CONSTRUCTION FOR EASE 
IN HANDLING 

The 50. watt transmitter. high sensitivity receivers. 
and compact power supply are each contained 
in a separate 1/2  AIR Chassis. Any unit may be 
readily  removed  from  the common  mount  for 

inspection. Individual units are light in weight, 
small in size, and easily handled. 

• 70  CHANNELS  COVER  PRESENT 
AND FUTURE NEEDS 

Both the receiver and transmitter contain a fre• 
quency  selector  mechanism with  provisions for 
70 small hermetically sealed crystals. Selection of 
the crystals automatically adjusts the radio fre-
quency amplifiers and harmonic generator circuits 
to operate at their maximum performance for 
each selected frequency. Either simplex or cross. 
band operation may be obtained. 

• SIMPLICITY OF CIRCUIT DESIGN 
MEANS EASY MAINTENANCE 

Simple, con ,entional circuits minimize the num• 
ber and types of tubes, and require no special 
training or techniques for adjustment. All com-
ponents are accessible for routine inspection and 

-2 \ 

14th AND CHESTNUT STS. • KANSAS CITY 1, MO. 
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e have designed—and have 
available—many types of C-D Quietones 
which are equally effective on 
both Radio and video bands. They meet 
every requirement of manufacturers' 
cost and production schedules. 

One of these standard types may 
remove your product from the list of 
Radio interference generators. 
If not, we're ready and waiting—with 
a modern and complete laboratory 
and experienced engineers—to design 
and build a Quietone to meet your 
specific needs. Your inquiry is 
cordially invited. Cornell-Dubilier 
Electric Corporation, Dept. M-12 
South Plainfield, New Jersey. Other 
large plants in New Bedford, Worcester 
and Brookline, Massachusetts, and 
Providence, Rhode Island. 

777,77.71' 

CORNELL-DUBILIER 
WORLD'S LARGEST MANUFACTURER OF 

CAPACITORS 

Keg. U.S. Pat. Off. 

Make Your Product 
More Saleable 
with C-D Quietone 
Radio Interference 
Fillers and Spark 
Suppressors. 



HERE'S THE MONITOR YOU'VE BEEN WANTING 

Percentage  Modulation  meter, calibrated 

from 0 to 133 per cent. Additional db scale. 

Switch selects positive or negative peaks or 

full-wave indication. For FM, 100 %modulation 

corresponds to 75 kc deviation; for television, 

internal adjustment changes calibration to 

100 % at 25 kc deviation. 

Frequency Deviation meter calibrated in 100-

cycle divisions from —3000 to +3000 cycles. 

To compensate for long-time drifts and to bring 

monitor into check with frequency measuring 

services, zero reading is adjustable over ±3000 

cycle range. 

Modulation Indicator Level is set by this dial; 

lamp Rashes when modulation level exceeds that 

to which dial has been set. Dial range 0 to 120 % 

modulation. 

R-F Input Level is indicated on this behind-panel 

I meter.  Signal  and  center-frequency  meter 

pilot lamps illuminated when input level is 

sufficient, and extinguished when level drops 

too low. 

for 
FM and TELEVISION 

In announcing the new Type 1170-A FM 
Monitor, General Radio brings to a con-

clusion a development project to make available 
to FM and Television stations a monitor with 
the same simplicity of operation, high stability 
and accuracy, and many-year reliability found in 
standard AM monitoring equipment in use in 
hundreds of G-R equipped stations. The G-R 

FM Monitor is here. It has been designed with 
the same engineering care . . . manufactured 
under the same rigid standards . . . and tested 
with the same thoroughness as all other G-R 
broadcast equipment. FM and Television stations 
can use it with the same confidence that AM en-

gineers have shown in G-R equipment ever since 
monitors became a necessary adjunct to broad-
casting. 

FE ATURES 
• TRANSMITTER RANGES — For both FM and Tele-

vision Stations — 30 to 162 Mc; or 160 to 
220 Mc. 

• CONTINUOUS MONITORING — Continuous indi-
cation of center frequency — requires restandard-
ization only once a day, not before each measurement. 

• REMOTE MONITORING — Equipped for several 
remote monitoring circuits and for use with a 
recorder. 

• HIGH STABILITY — 200 cycles (2 parts per million), 
or better, with a daily check of electrical zero 
of meter. 

• LOW INPUT POWER — 1-volt input at high im-
pedance — amplified to several .hundred volts 
for high level operation to avoid harmful effects 
of excessive coupling to transmitter. 

• LOW RESIDUAL DISTORTION — Less than 0.2% 
at 100 k.c. swing — accurate for measurements to 
as low as 1/2 per cent. 

• 75-25 KC DEVIATION — Provided with a single 
internal adjustment for either 75 kc deviation for 
FM monitoring, or for 25 kc deviation for tele-
vision audio monitoring. 

• REMOTE INDICATORS — Circuits and terminals 
provided for remote indicators for 

Center-frequency Indication 
Percentage-modulation Meters 
Over-modulation Lamp 
600 ohm Unbalanced Aural Monitor 

• F.C.C. SPECIFICATIONS — Designed and manu-
factured to meet all F.C.C. monitoring re-
quirements. 

TYPE 1170-A FM MONITOR (either frequency range) ... $1625 

GENERAL RADIO COMPANY 
90 West St.. New York 6 

Ca mbridge 39, 
Massachusetts 

920 S. Michigan Ave., Chicago S  950 N. Highland Ave., Los Angeles 31 


