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ANTENNA TESTING TECHNIQUES 

Ferrite rod antennas for small personal radio receivers are individually 
tested for cube permeability and inductance after they are mounted, to 
insure uniform performance characteristics. 
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THE ULTIMATE IN QUALITY... 
UTC Linear Standard Audio Transformers represent the closest approach 
to the ideal component from the standpoint of uniform frequency re-
sponse, low wave form distortion, high efficiency, thorough shielding 
and utmost dependability. 

UTC Linear Standard Transformers feature... 
•  True Hum Balancing Coil Structure ... moni. •  Semi-Toroidal  Multiple  Coil  Structure 

mum neutralization of stroy fields.  minimum distributed capacity and  leakage re. 

el Balanced Variable Impedance Line  .. per-  actonce. 
mitt highest fidelity on every tap of a universal 
unit . . no line reflections or transverse coupling. •  Precision Winding  accuracy of winding 

•1%. perfect balance of i •  Reversible Mounting ... permits above chassis  nductance  and  capacity;  
esoct impedance reflection. or sub-chassis wiring. 

•  Alloy Shields  maximum shielding from in• •  High Fidelity  UTC Linear Standard Trans-
ductive pickup. 

formers ore the only audio units with a gooron• 
•  Hiperm-Alloy ... a stable,  high permeability  teed uniform response of -1: 1 OB from 20.20,000 

nickel-iron core material.  Cycles. 

TYPICAL LS LOW LEVEL TRANSFORMERS 
Relative  Max. 
from.  Unbal-

Type Ng, Application from  Impedance  
Secondary  :Lirldb  Nan.  pickup anted DC List 

mpedance  Impedance  Level  reduction in primp  Price 

LS.10 Low  impedance mike,  50, 125. 200.  60,000 ohms in  20-20.000  +15 DB -74 DR  5 MA  825.00 
pickup, or multiple line  250, 333. 500/ two sections 
to grid  600 ohms  

LS-10X  As Above As abuse 50,000 ohms  20-20.000  +14 DR -92 DR  5 MA   35.00 
LS-12 Low  Impedance  mike. 50. 125. 200.  120,000 ohms  20-20.000  +15 DB -74 DB  5 MA 28.00 

pickup, or multiple line  250. 333, 500/ °serail. In two 
to push pull grids  600 ohms  sections  

LS-12X As abuse As above 80.000 ohms  20-20,000  +14 DR -92 DR  5 MA 35.00 
°scroll. in two 
sections 

LS-26 Bridging line to single or  5,000 ohms 60.000 ohms in  15-20,000  +20 DR -.4 DR  U MA  30.00push   pull grids  two sections 

LS-I9  Single plate to push pull  15.000 ohms 95.000 ohms; 
grids like 2A3. 6L6, 300A.  1.251 each side 
Split secondary 

LS-21 Single plate to push pull  15,000 ohms  135.000 ohms; 
grids. Split primary and  turn ratio 
secondary  5.1 °serail 

LS-22  Push pull plates to push 30.000 ohms  80.000 ohms: 
poll grids. Split primary  plate to plate  turn ratio 
and secondary 1.6:1 overall 

LS•30 NlixIng,  low  impedance  50, 125. 200,  50, 125. 200. 2,0.  20-20.000 +17 DB -74 DR  5 MA 
mike, pickup. or multi-  250. 333. 500/ 333. 500,600 ohms 
ple line to multiple line  600 ohms  

LS•30X  As above  As above As abuse  20•20.000  +15 DR -92 1/B 3 MA  
LS•27 Single plate to multiple  15,000 ohms  50. 125. 200. 250.  30-12.000  +20 DB -74 DB  8 MA 

line  333, 500.600 ohms cycles  
LS-50 Single plate to multiple  15,000 ohms  50. 125, 200. 250.  20-20.000 +17 DR -74 DR  0 MA 

line 26.00 333, 500 600 ohms 

LS-5I  Push pull him Intel plates  30.000 ohms 50. 125. 200. 2.40,  20-20,000  +20 DR -71 DB 
to multiple line   plate to plate  333. 500 600 ohms 

LS-141  Three sets  of  balanced op ohms  500 600 ohms  30-12.000  +10 Dli -74 DB  USIA  30.00 
windings for hybrid ser• 
rice. 4entertapped 

20-20.000 +17 1/11 -50 DR  0 MA 

20-20.000 +14 DB -74 Dlt  0 MA 

26.00 

26.00 

20-211.000  +26 DB -..re DR .25 SLL  32.00 

26.0u 

32.00 

26.00 

1 MA  28.00 

TYPICAL LS OUTPUT TRANSFORMERS 
Type  Primary will match 
No. following typical tubes 

LS•52 Puill pull 24 -, 2-0P. 65.6 i. ir 8.000 °lints 
21.5 A Prime 

Primary Secondary 
Impedance Impedance from 

Man. List 
Level Price 

500. 333. 2.0.  25-20,000  15 watts 835.00 
•20o. 125. 50, 30. 
20. IS, 10. 7.5, 

LS•55 rusts pull  2A3's. 6A5G s, 300A's.  5.1100 ohms plate  500. 333, 2,0, 24•20,000 
215A's, 6A3's, 61.6's  to plate and 200. 121. 511. 30. 

3.000 ohms plate  20. IS, 10. 7.5, 
to plate  5. 25. 1.2  

LS-57  Same as above 

LS-58 

5,000 ohms plate 
to plate and 
3.000 ohms plate 
to plate   

20 watts 35.00 

30. 20, 15, 10.  25-20.000  20 watts  25.00 
7 5. 5, 2.5. 1.2 

Pusi. pull parallel 2A3's, 6A50's,  2.500 ohms plate  500, 333. 250. 
300A's. 6A3's to plate and  200, 125, 50. 30. 

1.500 ohms plate  20, 15. 10. 7.5, 
to plate  5. 2.5, 1.2 

LS•6LI Push pull 61.6's self bias L plate OO is tims plate  500. 333. 250. 
200. 125. 50, 30. 
20. 15, 10. 7.5. 

25-20.000 

2a-20.000 

40 watts  50.00 

30 watts 50 00 
Write for Our Catalog P5 -520 

15 0 VA RI C K  ST REET  NE W  YO R K  1.3,  N. Y. 

EXPORT DIVISION: 13 EAST 40th STREET. NE W YORK 16, N. Y.,  CABLES: "ARLAB" 



IRE Swings 

1953 Seventh Regional 
IRE Conference 

to the Southwest! 
Fifth Southwestern 
IRE Conference 

To be held on the campus of the University of New Mexico, in beautiful 

Albuquerque, New Mexico, the heart of the "Land of Enchantment" on 

January 26 and 27,1953 
Technical sessions will be held in the following fields: 
I. Nuclear Resonance Techniques and Applications. A full day symposium, 

the first to be held under IRE auspices in this rapidly growing field. 
2. Guidance and Control. Papers by several of the foremost experts in 

the field. 
3. Computers. Including. a sound film describing the "Maniac," developed 

by the Los Alamos Scientific Laboratory. 
4. Microwaves and Propagation. This session will contain a paper by Dr. 
Haeff on "Novel Methods of Microwave Energy Amplification," and a paper 
on microwave applications of ferrites. 
S. Circuit Analysis. Servomechanism theory and applications, a new treat-

ment of noise in linear systems, etc. 
6. Miniaturization. Papers by leading exponents of this art. 
7. Engineering Education. Prognostications by leading educators and in-

dustry representatives of the Southwest. 
Field Trip. Los Alamos Scientific Laboratory January 28 (advance-

clearance required; those interested should contact Capt. J. L. Crone, 1314 
13th Loop, Sandia Base, Albuquerque, New Mexico) 
Manufacturer's Exhibits. 26 booths now allocated—the rest going fast, 

available through Iloyt Westcott, 107 Washington St., S.E., Albuquerque, 
New Mexico. 
Social Activities. Banquet, luncheon, cocktail party. Special events for 
the ladies include a tea, luncheon. Southwestern fashion show, and a tour 
of quaint Santa Fe on Jan. 28. Special tours of the region around Albu-
querque, Indian Pueblos, etc., may be arranged through Fred Harvey, 
Indian Detour.  - 
The Conference Hotel will be the Alvarado. 

February 5-6-7, 1953 
Plaza Hotel 

San Antonio, Texas 
• 

Eleven Important Technical 

Sessions 

A Television 
A B roadcast 
A Medical Electronics 
A New COM ponent% 
A Audio 
A Petroleu m Electronics 
A Microwave Com munications 

A Instru mentation 
A Servo Mechanisms 
Telemetering 

A Student Prize Papers 

Ladies Progra m • Plaee ment Serrice 

Radio Industry Products Sh ow 

IRE Meetings and Exhibits Promote Electronic Progress! 
PROCEEDINGS OF THE I R E.  December, 1952,  40, No. 12. Published monthly by the Institute of Radio Engineers, Inc. , at 1 East 79  Street,  New  York  
21, N.Y. Price per copy: members of the Institute of Radio Engineers $1.00; non-members $2.25. Yearly subscription price: to members $9.00; to non-
members in United States, Canada and U.S. Possessions $18.00; to non-members in foreign countries $19.00. Entered as second class matter, October 
26, 1927, at the post office at Menasha, Wisconsin, under the act of March 3, 1879. Acceptance for mailing at a special rate of postage is provided for 
in the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L. and R., authorized October 26, 1927. 

Table of Contents will be found following page 64A 



How to tell Quality 
in TEFLON* 

Uniform 
STRENGTH 

Uniform 
DENSITY 

liniform 
"MEMORY" 

/ it /form 
DIMENSIONS 

I trif1,1 in 
MACHINABILITY 

You'll have all these properties 

with FLUOROFLEXT® 
• "Teflon" powder is converted into Fluoroflex-T rod, sheet and tube 
under rigid control, on specially designed equipment, to develop optimum 
inertness and stability in this material.Fluoroflex-T assures the ideal, low 
loss insulation for uhf and microwave applications ... components which 
are impervious to virtually every known chemical ... and serviceability 
through temperatures from —90° F to +500° F. 
Produced in uniform diameters, Fluoroflex-T rods feed properly in 

automatic screw machines without the costly time and material waste of 
centerless grinding. Tubes are concentric — permitting easier boring and 
reaming. Parts are free from internal strain, cracks, or porosity. 
For maximum quality in Teflon, be sure to specify Fluoroflex-T. 

'DuPont trade mark for its tetrafTuoroethylene resin. 
Resistofter trade mark for products from fluorocarbon resins. 

"Fluoroflex" means the best in Fluorocarbons 

RES 79IFLEX 
CORP 

RESISTOFLEX CORPORATION, Belleville 9, N. J. 

SEND NEW BULLETIN containing technical data and information on 
Fluoroflex-T. 

I 

NAME  TITLE   

COMPANY   

ADDRESS   

Meetings 
with Exhibits 
• As a service both to Members 

and the industry, we will en-

deavor to record in this column 
each month those meetings of 
IRE, its sections and professional 
groups which include exhibits. 

De( ember 10, 11 & 12, 1952 
Joint IRE-AIEE Computers Con-
ference Park Sheraton Hotel 
Exhibits: Perry Crawford, 373 Fourth 
Avenue, New York City. 

A 

January 26, 27, 1953 
1953 7th Regional IRE Confer-
ence, University of New Mexico, 
Albuquerque, N.M. 

Exhibits: Hoyt Westcott, 107 So., 
Washington St., Albuquerque, N.M. 

Chairman: C. W. Carnahan, 3169 
41st Place, Sandia Base, Albuquer-
que. 

A 

February 5, 6 & 7, 1953 
Southwestern  IRE  Conference 
Plaza Hotel, San Antonio, Tex. 

Exhibits: M. B. Lamp'. Box IRE. St. 
Mary's ljni%ersity. San Antonio, 
Texas 

A 

March 23, 24, 25 & 26, 1953 
Radio Engineering Show Grand 
Central Palace, New York City 

Exhibits Manager: Wm. C. Copp, 303 
W. 42nd St., New York 36, N.Y. 

A 

April 11, 1953 
NEREM —New  England  Radio 
Engineering Meeting, University 
of Connecticut, Storrs, Conn. 

Exhibits: H. W. Sundius, The South-
ern New England Tel. Co., 227 
Church St., New Haven, Conn. 

A 

April 18, 1953 

Spring Technical Conference of 
the Cincinnati Section, Cincin-
nati, Ohio 

Exhibits: R. W. Lehman, Baldwin 
Piano Co., 1801 Gilbert Ave., Cin-
cinnati 2, Ohio 

May 11, 12 & 13, 1953 
National Conference on Airborne 
Electronics Hotel Biltmore, Day-
ton, Ohio. 

Exhibits:  Paul D. Hauser,  1430 
Gascho Drive, Dayton 3. 

2A 
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Printed circu s ike those shown here offer 
important advantages in radio and TV pro-

duction—fewer parts to purchase, inspect, 

handle, and stock; fewer soldering opera-

tions and quicker assembly with minimal 
wiring errors; faster and easier inspection; 

greater compactness; and lighter weight. 

And usually they cost less than the individ-

ual capacitors and resistors they replace! 

BULPLATE Printed Circuits are a logical 

outgrowth of Sprague-Herlec BULPLATE 
Multiple Ceramic Capacitors, first to use the 

active dielectric as a supporting medium for 

printed wiring. The printed resistor ele-

ments of these plates have proved to be 

highly stable, another important Sprague 

contribution. 
Thousands of BULPLATES are now in 

use in radio, television, and military elec-

tronics. Are you overlooking a winning bet 

for your production? 
And remember—if you have a special prob-

lem on a network which must perform a 

certain circuit function, Sprague will design 

it for you. 
Write today for Engineering Bulletin 650 

to Sprague Electric Company, 235 Marshall 

Street, North Adams, Mass. 

TYPICAL  RADI O  AND TV BULPLATE 

Triode 
Coupling 

Vertical 
Integrator 

Pentode 
Coupling 

CIRCUITS 

Audio 
Output 

WORLD'S LARGEST CAPACITOR MANUFACTURER 

xport Division, Cable SPR Adams, 

PROCEEDINGS OF THE I.R.E. DecemEcr.  ..• 



It splits seconds even faster 

IN A split second, relays, which are 
high-speed switches, set up dial tele-
phone connections. Then they are 
off to direct the next call. Yet even 
this speed is too slow for Bell Lab-
oratories scientists in quest of still 
faster switching. 

Scientists and engineers devised a 
new relay — the wire spring relay — 
and worked out the production prob-
lem with Western Electric, manufac-

turing unit of the Bell System. This 
is twice as fast, uses less power and 
costs less to make and maintain. 

With speedier relays, switching can 
be done with less equipment . . . and 
calls go through faster. The wire 
spring relay is a practical example of 
how Bell Telephone Laboratories and • 
Western Electric pool their skills to 
improve telephone service while keep-
ing its cost down. 

A New wire spring relay. Older relays had flat 
metal springs and 70 parts to he handled, com-
pared with 12 in the new model. Relays operate 
by means of an electromagnet which responds 
to high-speed pulses. 

New relays must be able to operate one billion 
times—equal to once-a-second for 30 years. 
Employing a sound recorder as a pre-,ision 
vibrator, Bell scientists learned to evaluate the 
effect of sideways motion on relay life. Such 
rubbing motion is limited to one-thousandth 
of an inch in the new relays. 

Dynamic Fluxmeter, developed by Bell Laboratories 
indicates flux build-up in intervals of 25 millionths 
of a second. Precise information like this was essen-
tial to higher speed operation. 

Relay springs as they come from Western Electric 
molding machine, before being cut apart for use. 
Molding technique saves time and money ... makes 
possible the maintenance of precise adjustment. 

Bell Telephone 
Laboratories 
IMPROVING TELEPHONE SERVICE FOR 

AMERICA PROVIDES CAREERS FOR CREATIVE 

MEN IN SCIENTIFIC AND TECHNICAL FIELDS 



ANOTHER HERMETIC EXCLUSIVE 

5A LE,(11;t1*, 

SI 

in MINIATURIZATION 

I r All 

1 AL "  ° 

b-Miniature, 
4-Terminal, 
Relay Headers 

with unequalled 
performance features 

1 
lire for your FM ropy of HIRMITIC's 
colorful, informative, new, 32-poge 
rochure, the most complete presento• 

lcilic WAL  tion ever offered on hermetic seals. 
Hirl L°   

HERMETIC SEAL PRODUCTS CO. 
M it O a t 515  n  A U U T  T V 

9 South Sixth St., N•wark 7, Now J•rsoy 

Here, again, is another HERMETIC exclu-
sive ... another remarkable engineering 
feat in sub-miniaturization...to permit the 

greatest number of terminals in smaller-
than-ever, minimal space. 

By means of HER METIC's new, Sub-
Miniature, 4-Terminal, Relay Header, em-
phasis is placed on minimum dimensional 
requirements for the mounting surface as 
well as the space above and below it. And, 
despite its miniaturized size, this header 
offers mechanically secure connections in 
smallest possible areas... for use with 
relays, rectifiers, choke coils, etc. 

No. 1333... terminals with double-turret top 
and straight-cut or flattened and pierced bottom 

No. 1539 ... terminals with hooked top and 
str.tight (lit or flattened and pierced bottom 

No. 1385...with tubing suitable for feed-
through attachment 

Because the solution of this problem is charac-
teristic of HERMETIC's ability to serve ma, 
contact the one and only depeftdable source of 
supply, and be sure that your problems will be 
solved, too. 

PROCEEDINGS OF TI1E I.R.E. Drcember, 1952 SA 



Accurately Tests and Calibrates Omni-Range 1 
and I LS 

Receiving Equipment 

The Type 211-A Signal Generator was designed by 
Boonton Radio Corporation in cooperation with the CAA 
and leading manufacturers of aircraft navigation and 
landing receivers. It was designed for specific application 
to the calibration of these receivers to the high accuracy 
characteristics required. The CAA system requiring these 
receivers guides aircraft from one location to another and 
assists in landing under marginal weather conditions. 
The Signal Generator is also useful in testing accurately 
tuned communications receivers. 

SPEC/FICA TIONS 

FREQUENCY RANGE: 88 to 140 mc. in one Range. Vernier Dial marked 
to 10 Kc. division. Accuracy  0.25 %. 

R. F. OUTPUT: 0.1 to 200,000 microvolts. Output resistance looking into 
output terminals 26.5 ohms. 

AMPLITUDE MODULATION: AM 0-30 % and 0-100 % with internal or 
external oscillator. Distortion below 5% at 95 % modulation. 

INTERNAL AUDIO OSCILLATOR: 400 and 1000 cps. 

MODULATION AMPLIFIER: Uniform response within  0.1 db 90 to 
150 cps. and 9.5 to 10.5 Kc. within L 0.5 db 30 cps. to 11 Kc. 

PHASE DISTORTION: Up to 60 % modulation less than 0.25 degrees at 
30 cps and 10 degrees at 11 Kc. 

SPURIOUS FM: Less than 1 Kc. at 60 % FM. 

CRYSTAL CALIBRATING FREQUENCIES: 110.100 and 114.900 mc. 
0.0035 %. Calibrations can be made at these and other frequencies 

by slipping dial vs condenser shaft position. 

PRICE: $18 00. 00 FOB Boonton, N. J. (Relay Rack not included) 

BOONTO  ADIO 
BOONTON • N•J• U•S A  etec-CCG, 

— — - 

SIGNAL GENERATOR 
1 Type 211-A 

Frequency Range 88-140 mc. 

Output Frequency Crystal Monitored 
Amplitude Modulation 0-100% 
Modulation Fidelity  0.5 db 
30 cycles to 11 kilocycles 

Negligible Spurious FM 

Glide Slope Test Set Type 212-A 

Frequency Range 329-335 mc. 

The '212-A Glide Slope Test Set when used with the 
211-.1 Signal Generator provides RF output between 329 
and 335 mc. for testing aircraft landing receivers. Three 
crystal controlled frequencies are provided for I.F. am-
plifiers of the receiver. 
The 212-A consists of a unity gain radio frequency 

converter (Univerter) which adds 209, inc. to the input 
frequency from die 21I-A and a crystal controlled I.E. 
Signal Generator. 

SPECIFICATIONS 
RF SECTION 

FREQUENCY RANGE: 329 to 335 mcs. 
OUTPUT FREQUENCY: Equals input frequency plus 200,000 mcs. 

0.005 %. 
OUTPUT LEVEL: Equal to input  ldb over frequency range. Maximum 
input 0.1 volt (0.05 volt modulated to 100 %). 

OUTPUT IMPEDANCE: 53 ohms unbalanced. 
ENVELOPE DISTORTION: Less than 5% for 0.05 volt signal modulated 95 %. 

IF SECTION 
OUTPUT FREQUENCIES: 20.700 mc.  0.0035 %; 20.400 mc.  0.005 %; 
21.000 mc.  0.005 %. 

OUTPUT LEVEL: 1 to 100,000 microvolts across 53 ohms unbalanced. 
MODULATION: AM up to 30 % using internal or external source. 
PRICE: $875.00 FOB Boonton, N. J. 
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F you/PE SION6 11/0SE 

"case A141 
, and .17, 
cover 
blues"n 

chase your troubles away! 

IF waiting for cases, covers and specification 

metal stampings stymies your production, it will 

pay you to check with Hudson, now! For Hudson 

standard cases and covers — mass produced to 

meet all but the most unusual closure require-

ments—are available in scores of shapes and sizes. 

Consult the new Hudson catalogs for a practical, 

economical solution to your problems. Just call or 

write today for complete information and data by 

return mail! Please address inquiries to Desk 210. 

HUDSON TOOL AND DIE COMPANY • INC 
PRODUCERS OF CASES, COVERS AND CUSTOM METAL STAMPINGS FOR E [HP i(At. ELUIRONI( IttlU NUELEONIC INDUSTRIES 

118-122 SO. FOURTEENTH STREET, NEWARK 7, NE W JERSEY 

PROCEEDINGS OF THE I.R.E.  December, 1952 
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Built for 
the toughest 
service • • • • 

Mallory Q Series 

Wire Wound Controls 
If you need a wire wound control that will stand up under the 
most severe conditions. here's the answer to your problem— 
Mallory Series (‘) controls. These new features make the (.) series 
sour best choice for militars and other exacting applications: 

IMPERVIOUS TO MOISTURE AND FUNGUS: all insulation used in this control is made of 
high resistance material which has exceptionally low 
moisture absorption ... treated to prevent fungus grim iii. 

WEATHERPROOF FINISH: nickel plated case, stainless steel shaft, and all other metal parts 
ssill pass a 100-hour salt spray lest. 

LONGER LIFE: hard nickel-silver contacts withstand the wear of thousands of rotations. 

SELECTION OF TAPERS: all standard JAN tapers are available. 

In addition to these standard features, Q series controls can 
be supplied in a number of special  aria tions in aluable in 
applications reipiiring cinnplete N% aterprooling or extreme resis-
tance to vibration: 

WATERPROOF SHAFT BUSHING: a waterproof gasket between shaft and bushing, sealed with 
silicone grease, prevents leakage along the shaft. 

WATERPROOF PANEL SEAL: gasketed seal prevents leaks at the point of panel mounting. 

BUSHING LOCK: a split bushing, when tightened, prevents shaft rotation even under severe 
shock and vibration. 

New Technical Bulletin Number 
76-3 includes complete details on 
Mallory wire wound controls. 
Write for your copy. 

MALLORY 
P. R. MALLORY & Ca.Inc. 

Series Watts Diameter 
Similar 
JAN Type 

QC 2 l'As" RA15 

OR 2 11/4" RA20 

QM 4 1%" RA25 /A RA30 

SERVING INDUSTRY WITH THESE PRODUCTS: 
Electromechanical —Resistors • Switches • Television Tuners • Vibrators 

Electrochemical —Capacitors • Rectifiers • Mercury Dry Batteries 

Metallurgical—Contacts•Special Metals and Ceramics• Welding Materials 

P.  R.  M ALL ORY  &. CO.,  INC.,  INDI A N AP OLIS  6,  IN DI A N A 

PROCEEDINGS OF THE I.R.E. December, 1952 



CONCEPTION TO CO MPLETION 

In the field of Guided Missiles an engineering team which 

can carry a program forward from the very conception of the idea 

to the completion of a missiles weapon system is 

essential. Such a team is at work in Fairchild's 

Guided Missiles Division. Supporting this experienced 

engineering team is a production organization 

which has produced complete missile weapon 

systems for all three branches of the Armed 

Services. Recently Fairchild completed this 

country's first privately built plant devoted exclusively 

to missile design, development and production. 

  7 
c  

IFENGINE AND AIRPLANE CORPORATION 
AIRCHILD 

Gaided/liadeke 
Wyondonch.  I  Y 

Other Divisions: Aircraft Division, Hogerstown, Md. 
Engine Division, Farmingdale, N. Y. 

Strotos Division, Boy Shore, II., N. Y. 

• 
- • -  " • • • 
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Selected stock. Always free 
from  defects  and  surface 
blemishes. 

Moisture  and  fungus  proof 
coatings, varnish or lacquer 
smoothly applied. No wrinkles 
or unsightly heavy deposits. 

C.T.C. standard terminals. Types 
for  all applications.  Silver-
plated, cadmium plated, elec-
fro tinned, hot tinned or gold 
plated as required. 

Precisely located, clearly 
defined imprinting: rubber 
stamped,  silk-screened,  en-
graved or hot stamped. 

Riveting or staking of ter-
minals, brackets and other com-
ponents accomplished without 
radial cracks or splitting of 
rivet shanks, and without dam-
aging the finish. 

Cleanly cut or punched edges 
and holes. No signs of delami-
nation. 

Little details on terminal boards 
...make the big difference in quality 

C.T.C. is constantly supplying 
special terminal boards to the top 
names in electronics. These boards 
are built to strict government speci-
fications, are fabricated of certified 
materials to fit the job. Among the 
specifications involved are: MIL-P-
3115A, MIL-P-15037, MIL-P-15035, 
MIL-P-15047, MIL-P-997A. 
Our Custom Engineering Service 

is well-equipped to fill these specifi-
cations for you. We are thoroughly 
familiar with the JAN and MIL. 
approved materials and finishes in 
accepted usage by government agen-
cies and the armed forces. This, 
combined with assembly know-how 
developed over many years of sup-
plying electronic components and 
equipment to the government, en-
ables us to meet your needs for 

quality above and beyond the basic 
government standards. 
Boards can be made of cloth, 

paper, nylon or glass laminates 
(phenolic, melamine or silicone 
resin), and can be lacquered or var-
nished to specifications: JAN-C-173, 
MIL-V-173 and JAN-T-152. Letter-
ing and numbering is done by rubber 
stamping, silk screening, hot stamp-

ing, engraving. Inks used in rubber 
stamping contain anti-fungus and 
fluorescent additives. 

For complete information write: 
Cambridge Thermionic Corporation, 
456 Concord Avenue, Cambridge 38, 
Mass. West Coast manufacturers, 
contact: E. V. Roberts, 5014 Venice 
Blvd., Los Angeles, or 988 Market 
St., San Francisco, Cal. 

C A M B RI D G E  T H E R MI O NI C 
C O R P O R ATI O N 

custom or standard... the guaranteed components 
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PROCEEDINGS OF THE I.R.E.  December, 1952 



SERMIIICALL 
SEALED 

TOUGH FOR ROUGH GOING! 

SPECIFICATIONS 

Hermetically sealed. HMI case. Vitrified 

end seals, pigtail leads. Thoroughly protected — mechan-

ically, electrically, climatically. 

Temperature Coefficient not exceeding .0003 Om 

per ohm per C. over temperature range of —40*C. to 

+60°C. up to IS megohms. Not exceeding .0005 ohm 

per ohm per C. up to 100 megohms. 

Voltage Coefficient does not exceed .002% per volt. 

Overloads up to 200% of rated voltage, without show-

frig permanent change in resistance. 

Accuracy: guaranteed tolerance of plus/minus 1% al 

WC. (7rF.). 
Aging Changes negligible. Average change in resist-

once for sell•eging, approximately 0.2% in a year. 

Noise: Silver-to-silver contacts insure very high stabil* 
Ity and correspondingly low noise levels. 

In Four SIzes: Two 1/2  welt, I wolf nod 2 wall. Coed 

of encased. 

1 

Trade Mark 

ISTORS 

Wilkor, the first licensee-under Western Electric patents to pro-
duce carbon deposited precision resistors, takes another step 
forward. Wilkor now offers hermetically-sealed Carbofilm 
Resistors, the first fully-protected precision resistors available 
on a production basis. 

Primarily intended for circuits calling for the accuracy and 
stability of wire-wound resistors, yet with the compactness of 
carbon or composition-element resistors. Excellent for measur-
ing-instrument applications; in test and lab equipment; in oscil-
lography and other critical electronic circuits; in electronic 
computers and allied techniques; and now, in the encased, 
hermetically-sealed construction, particularly in applications 
where resistance values must be critically maintained over long 

service life, regardless of climatic conditions. 
TEMPERATURE COEFFICIENT OF RESISTANCE (TYPICAL) _ 

TYPE CPH-1 

Temperature 
Coefficient 
of Resistance 
curves 
typical of 
samples 
51s1, 100V.) 

1 
Oa 
06 
04 
.02 

•  o 
- 02 
- 04 

o - 06 
- 011 
- 1 

-60  -40  -20 0 20 10  60  60  100  1 0 

TEMPERATURE IN ° CENTIGRADE 

Literature on request. Let us collaborate in your precision-resistor requirements. 

AEROVOX CORPORATION 
CLEVELAND, OHIO 

AEROVOX CORPORATION  H ow v  DIVISION 

blR•N' 41 E 42nd St , Nwor York 17, N  • Cablo AEROCAP. N Y • In Canada AEROVOX CANADA LED , Hamilton, Ont  JOBBER ADDRESS  740  B•llovillo  AY•. PE•w Borlford  I 

, 

NEW BEDFORD MASS.  OLEAN, N. Y. 
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/,\,\NE WS and NE W PRODUCTS 
December 1952 

New Capacitor Firm 
A new firm in the field is Plastic 

Capacitors, Inc., 2511 West Moffat St., 
Chicago 47, Ill. Stephen Meskan, Presi-
dent and General Manager, A'as previously 
chief engineer and president of the Con-
denser Products Co., with twelve years 
prior experience in the aircraft communi-
cations field. 

The products which the new firm will 
manufacture include plastic-film dielectric 
capacitors, high-voltage, low-current pow-
er supplies, and pulse forming networks. 
Capacitor customers will be aided in proper 
choice of solid dielectric film capacitors 
to accentuate the electrical characteristics 
and increase the circuit efficiency. Power 
supplies for 400 cps and other primary 
sources will cover ranges of 2,000 to 50,000 
volts and 1 to 5 ma. 
A complete catalog of Plastic Capaci-

tors, Inc. products is available without 
charge. 

Bandwidth Compressor 
The Rafax Bandwidth Compressor de-

veloped by Haller, Raymond & Brown, 
Inc., State College, Pa., operates on radar 
data from a search 
radar. In a typical 
case,  it accepts 
video of about 2-5-
mc bandwidth and 
reduces it to about 
3-kc  bandwidth. 
The reduction takes 
place by means of 
data storage on the 
face of an intensity-
modulated circular 
trace on the face of 
the  cathode-ray 
tube. The circular 
trace is scanned at 
a slow  rate  by 
means of an optical 
system and photo-
multiplier tube. The instrument's advan-
tages are that it simplifies data handling 
in systems where video is to be transmitted 
over telephone lines or stored on magnetic 
drums and that it builds up weak signals 
through integration. 
Detailed information will be furnished 

on request. 

Omnirange Test Set 
A new portable unit manufactured by 

American Electroneering Corp., 5025-29 
Jefferson Blvd., Los Angeles, Calif., pro-
vides simulated omniphase, ILS, and tone 
ILS signals for laboratory or ramp test 
of airborne VHF and navigation radio 
gear. 

The set checks omnibearings contin-
uously variable from 0° to 360° and assures 
accuracy to 1°. In addition, it will check 
left-center-right and up-center-down on 
90-150 localizer and glide slope. A self-
contained, regulated dual power supply 
utilizes either 105-130 volts ac 60 cps or 
22 -30 volts dc at 5 amperes. Dimensions 
are 11 X18 X12 inches. The unit is called 
ILS Signal Generator model .\ 1 ('-200 

Microwave Signal Generator 
A new series of signal sources for micro-

waves from 1245 inc to 9660 mc is an-
nounced by Kay Electric Co., 14 Maple 
Ave., Pine Brook, N. J. 

These instruments are called "Centila-
tors" and each consists of a reflex klystron 
oscillator, an output transmission line 
system with an attenuator and a crystal 
detector, a sawtooth generator which pro-
vides signal for sweeping the klystron 
frequency, and a regulated power supply. 
The Centilator 8596 has, in addition, a 
calibrated wavemeter for frequency meas-
urement. Centilators 6274 and 8596 use 
waveguide output, while the other models 
terminate in standard "N" type coaxial 
connectors. 
Five frequency ranges are available, 

each in a separate Centilator. They are, 
8,500 to 9,660 inc, 6,250 to 7,425 me, 
4,240 to 4,910 mc, 3,400 to 3,960 Inc, and 
1,245 to 1,460 mc. 
The power supply is 105 to 125 volts, 

60 cps, 110 watts, self-contained electroni-
cally regulated. 

Thermo-Setting Plastic 
A new plastic material that withstands 

continuous temperatures of 200°C, and 
also possesses a high dielectric strength, 
is in production by Melkor Research 
Laboratories, Inc., 11731 Detroit Ave., 
Cleveland 7, Ohio, in thd manufacture of 
the complete hermetic-seal terminal illus-
trated. 

Custom production will be available 
on all special types of applications for 
manufacturers of finished products requir-
ing high-temperature insulation combined 
with hermetic sealing. The terminal shown 
is being manufactured in three sizes, 
?c inch, ific inch, and f-inch mounting 
holes. The most advantageous applica-
tions for this new terminal are in assembly 
of instruments, meters, and various types 
of electric and electronic equipment requir-
ing hermetic sealing. This new material 
is known as "Melkorite." 

specifications 
Dielectric strength  8000 v-60 cps 
Corona starting voltage  2600 v-60 cps 
Air-pressure test  30 lbs 
Terminal pull  25 lbs 
Continue operating temperature  200°C 
Short period temperature 5 min-
utes  260°C 

Thermo1 cycling 4 cycles  —70°C to 200°C 
Thermol cycling 4 cycles when 
soldered ceases  —65°C to 150°C 

"Premium" Twin Diode 
Tube Dept., Radio Corp. of America, 

Harrison, N. J., has a new Model 5726 
high-perveance, miniature twin diode es-
pecially useful as a detector in circuits 
utilizing  wide-band  amplifiers.  Con-
structed to give dependable performance 
under shock and vibration, this "premium" 
version of the 6ALMV is particularly suited 
for use in mobile and aircraft equipment. 

The two coiled heaters used in the 5726 
are internally connected in series to pro-
vide fail-safe operation in applications 
which require that burnout of either 
heater will make the heaters of both units 
simultaneously inoperative. These heaters 
are pure tungsten. 

(Continued on page 964) 
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EN  co 
195 CENTRAL AVENUE 

NE WARK 4, N. J. 

...Automatic Push-Button Tuning 

Distortion and Noise e Type 35-A 

The DAVEN Type 35-A, Distortion and Noise Meter, is a new, skillfully engineered 

instrument that provides a rapid, accurate means of measuring distortion, noise and 

hum level in audio frequency equipment. 

Of particular importance is the fact that there is no balancing or laborious time 

consuming tuning required to make measurements. The user need only push a 

button and the. unit is automatically balanced. 

This is accomplished by the use of a series of 8 fixed band rejection filters covering 

the range 50 cycles to 15 K.c., followed by a stable, high quality, wide range (50 

cycles to 45 K.c.), high gain amplifier. There are no tube circuits or other sources of 
inherent distortions, making it possible to measure low levels of distortion accurately 

over a wide level range. 

SPECIFICATIONS 

RESIDUAL DISTORTION: No tube circuits or non-linear devices 
between input of set and filter input. 

DISTORTION MEASUREMENTS: Filters provided for 50, 100, 400, 
1000 cycles, 5 Kc, 7.5 Kc, 10 Kc, and 15 Kc with cut off of —70 db. 
Distortion measurements to 0.1% full scale meter deflection with zero 
level input. 
NOISE MEASUREMENTS: With zero db input, limit is —80 db. At 
+40 input, limit is —115 db below input. 

AMPLIFIER FREQUENCY RANGE: 50 cycles to 45 Kc. 

ACCURACY: Filters are down 70 db at fundamental frequencies, and 
within -±0.5 db of flat response at the second harmonic. Absolute 
accuracy of measurement can be depended upon to be within -±-5%. 

RESIDUAL NOISE LEVEL: Below —80 db at gain control full on. 
Multiple gain control employed so that residual noise drops to —90 db. 
when gain control is set at —30, —100 db when gain control is set at 
—20, etc. 



494 feet above Philadelphia's 
busiest streets 

Most city building codes are 
easily complied with, but na-
ture'scapricesareunpredictable. 
So, when both the building's 
owners and WPEN's engineers 
laid plans for a new AM-FM 
station atop their new mid-
town building they called on 
Blaw-Knox to design, fabricate 
and erect a safe antenna tower. 
Their choice was based on the 
fact that Blaw-Knox has an un-
equaled record for successful 
tower installations in congested 
areas. WPEN's structure is de-
signed to carry the additional 
load of TV bays if and when 
required. 

BLA W-KNOX DIVISION 
OF BLA W-KNOX COMPANY 

2037 Farmers Bank Bldg. 
Pittsburgh 22, Pa. 

1 L 1.)...,,,,,,,< ey 
4' G1717137II 
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For more than 18 years, Eclipse-Pioneer has been a leader in the devel-
opment and production of high precision synchros for use in automatic con-

trol circuits of aircraft, marine and other industrial applications. Today, 
thanks to this long experience and specialization, Eclipse-Pioneer has 

available a complete line of standard (1.431" dia. X 1.631" lg.) and 

Pygmy (0.937" dia. X 1.278" lg.) Autosyn synchros of unmatched preci-
sion. Furthermore, current production quantities and techniques have re-

duced cost to a new low. For either present or future requirements, it will 
pay you to investigate Eclipse-Pioneer high precision at the new low cost. 

'PEG  TRADE NAPO 9, 11)1A AVATION CORPORATION 

AVERAGE ELECTRICAL CHARACTERISTICS -AY-200 SERIES* * 

Tn. N...6... 
Input Vella,' 
Nominal 
EscRattan 

, 
Cul'rty t  4":rustt 

Milliamperes  Watts 
1.:1:' 
Ohms 

'1),71.°91.1"' -"‘Anci 
Une te Usta 

Rater 

hoot 

Stater 

"Iiltr. 
hell 

Errs, Spread 
Minutes 

AY201-1 26V, SOO-. 1 ph. 225 1.25 25+1115 11.8 9.5 3.5 15 

Transmitters 
AY201-4 26V. 400., 1 ph. 100 0.45 45 +1225  11 .8 16.0  6.7  20  

Receivers AY201-2 26V. 400-v, I ph. 100 0.45 45+1225 11.8 16.0 6.7 45 

Control 
Tr ans • 
formers 

AY201•3 From Trans. 
Autosyn 

Dependent Upon Circuit Design 
42.0 10.8 15 

AY201.5 From Trans. 
Autosyn 

Dependent Upon Circuit Design 
250.0 63.0 15 

Resolvers 
AY221-3 26V, 400-. 1 ph. 60 0.35  108+ 1125 11.8 53.0 12.5 20 

A0241-5 1 IV, 30.., I ph. 3.7 - 240+1130 0.34 239.0 180.0 40 

t 
Differentials 1 A0231-3 i From Trans. 

Autosyn 
Dependent Upon Circuit Design 

14.0 10.8 20 

...Also includes Nigh Frequency Resolvers designed for use up to 1001(C (AY25I-24) 

AY-500 (PYGMY) SERIES 

Transmitters A0503.4 26V, 400... 1 ph. 235 2.2 45+1100 11.8 25.0 10.5 24 

Receivers A0503-2 26V. 400-v, 1 ph. 235 2.2 45+1100 11.8 23.0 10.5 90 

Control 
Trans- 
formers 

AY503-3 From Trans. 
Autosyn 

Dependent Upon Circuit Desrgn 
170.0 45.0 24 

AY503-5 From Trans. 
Autosyn 

Dependent Upon Circuit Design 
550.0 188.0 30 

Resolvers 
110523.3 26V, 400-., 1 ph. 45 0.5 290+1450 11.8 210.0 421 30 

AY543-5 26V. 4013-v, 1 ph. 9 0.1 900+12200 11.8 560 .0 165 .0 30  

Differentials AY533-3 From Trans. 
Autosyn 

Dependent Upon Circuit Design 
451 931 30 

For detailed information, write to Dept. G. 

ECLIPSE-PIONEER DIVISION of 
TETERBORO, NEW JERSEY 

eadi 
AVIA  10PI  COP P OP•11 0A1 

Export Sates Bendix International DivItion, 72 Ftlth Avenue, New Yorlt I I, N 

MODEL 
MB-1 
IS YOUR 
ANSWER 

Ii 

Addri&i4 

, . 

There are no component, of powe alris, 

frequency in its output and no transients due 

fluctuations In th• supply voltages. The • 

compact design of this completely portable sine 

generator adapts it to a wide field of usefulness. 

Frequency range is from 2 to 20,000 CPS with 6trr 

distortion. A circuit with battery saving foottores is 

Incorporated let the instrument,' so that whin maxi. 

mum signal amplitude is not necessary, less morreen 

Is drawn from tie. battery. 

SPECIFICATIONS 
EOUENCY RANGES: 2 to 20,000 CPS 

DISTORTIONt Lem than 1% at any frequency in the 

audit' range 

LIBRATION: Within 1% of indicated 'roguing 

EOUENCY STABILITY. 1% on all ranges 

PUTUDE STABILITY: 5% 

PUT: '23 V into • 2,000 ohm lend 

TPUT IMPEDANCE: Approximately 400 ottme 00 

1,000 CPS 

TTIRY LIFE: In excess of 100 hours when need in 

Intermittent service 

WEIGHT: With batteries-30 lb.. 

'MONSOONS, With lid in place - 12" x 12" x 11" 

NISH: Blush Anodised Aluminum Panel with Grey 

Wrinkle Salted Enamel Case 

SOUTH WESTERN INDUSTRIAL 
ELECTRONICS CO MPANY 

ast Oak Road • canton 



Old Style 
Gio sERIEs 

G-E  Diffused  Junction 

CHECK 

THESE 

NE W 

CHARTS 

HERMETICALLY SEALED 

MINIATURE SIZE 

REDESIGNED 

HIGH OUTPUT VOLTAGE 

MODEL 4JA2A4 designed for use in TV power supplies. DC output 
voltage is 10 to 15 volts higher than with comparable selenium rectifiers 
in a typical voltage doubler circuit 



Ger maniu m  Rectifier 

4000, 

41112A4 

ABSOLIfff MAX/IffUlef RAT/IV6S 
DIFFUSED JUNCTION 
GERMANIUM RECTIFIERS 
TYPES JAIA — JA2A 
RESISTIVE LOAD 
TEMP GG°C- FREQ.60 CPS 

PEAK 

4JAIA3  iMPOT  VOLTAGE 
I  ttivifiSt ' 

PEAK CURRENT 

i00  200  300  400  500  COO 

 FORWARD CURRENT 
FVERA:61' 41. L. 0.C. 

NOTE: THE ABOVE R'ECT/FIERS MAY BE OPERATED AT ANY 

PEAK INVERSE VOLTAGE — PEAK CURRENT POINT LOCATED 
BELOW THE CHARACTERISTIC OF THE PARTICULAR MODEL. 

Fig.1 

10 • 

Suggested Application Fields 

Ong,  use, the 

new JAI and JA2 Rectifiers may be adapt-

able to fields other than radar and military 

communications Among them are the follow-

ing. Computers, magnetic amplifiers. TV re-

ceiver power supplies, telephone switch-

boards  Application information on other 

uses con be supplied. Write or wire us! 

GENERAL 

ABSOLUTE MAXIMUM RATINGS • T-55°C • RESISTIVE LOAD 

DIFFUSED JUNCTION RECTIFIER 41A1A1 4.1A1A2 41A1A3 41A2A4 

PEAK INVERSE VOLTAGE' 

(volts) 100 200 300 400 

PEAK FORWARD CURRENT 

(amps) 0.47 0.31 0.25 1.57 

D.C. OUTPUT CURRENT' (Ma) 150 100 75 500 

D.C. SURGE CURRENT (amps.) 25 25 25 25 

FULL LOAD VOLTAGE DROP 

(volts peak) 0.5v 0.50 0.5v 0.7v 

FORWARD RESISTANCE AT 

FULL LOAD (ohms) 1.1 1.5 1.9 0.5 

CONTINUOUS REVERSE 
WORKING VOLTAGE (volts D.C.) 30 30 30 185 

FREQUENCY OF OPERATION (kc) 50 50 50 50 

STORAGE TEMPERATURE (°C) 85 85 85 85 

'Typical absolute maximum ratings For other combinations 

refer to Fig. I. 

DYNAMIC VOLTAGE —CURRENT 
CHARACTERISTICS 
DIFFUSED JUNC170N 6ERIAANIUM 
RECTIFIERS, TYPES JAIA -JA2A 

TEMP: 55° C 
FR O: 60 CPS 

1/4 

5  

7.0  

1.5  

1.0   

PEAK INVERSE VOL TAO! (voir.r) 

600  500  400  300  200  I 

.41A1A4 

KARA:Wan 
VOLTAGE IWO) 

10 70 3.0 4%0 

1.0 

41A103  .. 
2 . 5 

  4.141A2 

415151 

30 

3 5 ' 

t5  

NEW BULLETIN BULLETIN 
co ions on  iffused junction recti• 
fiers are contained in this illustrated 
bulletin. It's yours on request. Write 
General Electric Co., Section 52122, 
Electronics Park, Syracuse, N. Y. 

Complete specifl-
r•-• 

1,1 

ELECTRIC 



SILECTRON C-CORES...BIG or LITTLE 
...ailyqivantity and any size 

1/011 1  

Pkee)(  44% 
'  -thiA(1  

AAP 
.0002-i 

For users operating on government schedules, Arnold is now produc-
ing C-Cores wound from 1/4,  1/2, 1, 2, 4 and 12-mil Silectron strip. 
The ultra-thin oriented silicon steel strip is rolled to exacting toler-
ances in our own plant on precision cold-reducing equipment of the 
most modern type. Winding of cores, processing of butt joints, etc. 
are carefully controlled, assuring the lowest possible core losses, and 
freedom from short-circuiting of the laminations. 
We can offer prompt delivery in production quantities—and size is 

no object, from a fraction of an ounce to C-Cores of 200 pounds or more. 
Rigid standard tests—and special electrical tests where required —give 
you assurance of the highest quality in all gauges. • Your inquiries 
are invited. 

PIE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois 

18A 

W •0 4363 
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.04 

wilcox 
Type 429 A 

GLIDESLOPE 
RECEIVER 

wilco 
tOMPA  C. 

Fourteenth and Chestnut 

Kansas City 27, Missouri, U.S.A. 

411, 

ilrew automatic gain control. 
'Dual-conversion superheterodyne 
design. 

Control circuits conform to industry 
standards for integration with any 
existing ILS system. 

Any of 20 world-wide channels by 
insertion of crystal. 

Built to the same exacting stand-
ards of perfection as the famous 
Wilcox 440A1 

Available Now. . . 
For Immediate Delivery 

Write today for complete specifications. 



For AM•FM•TV•Microwave... 

TRUSCON 
STEEL 
TOWERS 

Guyed or Self-Supporting 

Truscon knows towers — is staffed and 
equipped to engineer your next tower 
assembly to meet all your requirements. 

That's because Truscon has an unexcelled 
background of tower information and skill. 
Truscon engineers have designed 
and built radio towers for all 
types of duty throughout the world 
. towers to function dependably 

in all kinds of topography and 
weather conditons . .. towers with 
the strength to meet all contingencies. 

And, this experience is at your call now.  I 

i Whether your current or future plans call 'I 
for new or enlarged AM, FM, TV,  /1 
or MICROWAVE facilities, take your  
tower troubles to Truscon. liP 

fa g Low  . e0St 
nearest Truscon district office—or to our home 

Inv Your phone call or letter to your  do 

office in Youngstown—gets tower problems off 
hands and into ours. Phone or write today.  your  ‘ r  reetiOo 

Truscon® Steel Division, Republic Steel Corporation,  4 
1072 Albert St., Youngstown 1, Ohio.  )30 

TRUSC O N a na me you can build on 
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Here's what makes 

RELIABLE SUBMINIATURE TUBES 

RAYTHEON 

RELIABLE 

SUBMINIATURE 

TUBES 

CK5702WA 
RF Amplifier Pentode 

CK5703WA 
High Frequency Triode 

CK5744WA 
High Mu Triode 

CK5783WA 
Voltage Reference 

CK5784WA 
RF Mixer Pentode 

CK5787WA 
Voltage Regulator 

CK5829WA 
Dual Diode 

CK6021 
Medium Mu Dual Triode 

CK6111 
Low Mu Dual Triode 

CK6112 
High Mu Dual Triode 

CK6152 
Low Mu Triode 

are among the many exclusive EXPERIENCE Raytheon has been in 
constant, large scale production of 
subminiatures for fourteen years — 

has made millions of them. 

VENGINEERING Many Raytheon en-
gineers have worked exclusively on 
the development and improvement 
of Subminiature tubes. Raytheon 

designs have proved themselves in 
the field. 

VEQUIPMENT Raytheon's produc-
tion, testing and inspection facilities 
are custom built. Improved weld-
ing, sealing and exhaust procedures 

Raytheon advances. 

VEXCLUSIVE SUBMINIATURE TECH-NIQUES Include closer production 

tolerances for all parts; separate 
production and inspection person-
nel free of production-incentive 
pressure; grid inspection with high 
optical magnification; microscopic 
inspection of each assembly; longer, 
more complete electrical aging; 
rigid tests for shock, vibration, 
acceleration and all other factors 

affecting performance and life. 

RAYTHEON  MANUFACTURING  COMPANY 

N•volon Mess Rig•lowo 4 7 

It factsivIng Tub  DIV11;Qn  for opprt °lion ;nforprollo 

AU 111111T111 TIIII 

RAYTHEON MAKES ALL THESE: 

;9101W P M UN /unwind  W HIR 

RAYTHEON 

11011111111111 
-11 rP-1111Ct 
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Designed for 
dependability 
... tested (and re-tested) 
for precision 

KOLLSMAN devises, develops 
and manufactures high-precision 

Aircraft Instruments and Controls 

Miniature AC Motors for Indi-

cating and Remote Control Ap-

plications • Optical Parts and Op-

tical Devices• Radio Communica-

tions and Navigation Equipment 

While our manufacturing divisions 
are engaged largely in defense pro-
duction, the Kollsman Instrument 
Corporation welcomes the oppor-
tunity to apply its research experi-
ence to the solution of problems 
in instrumentation and control. 

t 

KOLLSMAN INSTRUMENT CORPORATION 
EL MH URST, NE W YORK 

Standcad 
SU BS. DIAPv or 

GLE N DALE, CALIF OR NI A 

22A 
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FOR HERMETICALLY. 

MULTIPLE HEADERS, OCTAL 

PLUG-INS, TERMINALS, COLOR 

CODED TERMINALS, END SEALS, 

etc. WRITE FOR CATALOGS. 

DIVISION OF AMPEREX 

- WITH LONG LEAKAGE PATHS / 
TO COUNTERACT HIGH MOISTURE 
AND CORROSION TROUBLES 

E-I Terminals of this type provide maximum protection against leakage due 
to moisture or surface films. The glass bead is specially shaped ,to increase the 
leakage path yet the terminal requires no larger mounting area. Double pro-
tection is afforded by a silicone ;treating of the terminal. Rugged construction, 
plus carefully annealed glass per its rough handling Iry shop assembly thereby 
reducing rejects of assembled co • .nents. All E-I  rninal  are hot-tinned 

• - FOR EVERY GROUPED 

TERMINATION REQUIREMENT INCLUDING 
PLUG-IN TYPES 

E-I Rigid Headers feature an entirely new method of hermetic sealing developed 
by Electrical Industries. This method of construction which includes solid metal 
blanks in place of the usual thin metal stamping, yields a header that is far more 
rugged than any other type yet produced. The result is effective, permanent 
sealing under the most extraordinary conditions of shock and vibration. 

ELECTRONIC 1 1 k. 
ECTRONIC  C° 1RP  ELECTRICAL INDUSTRIES 

SU M MER AVENUE, NE WARK 4, NE W JERSEY 

1 



electronic wire and cables 
for standard and special applications 
Whether your particular requirements are for standard or special 
application, choose LEN Z for the finest in precision-manufactured 

electronic wire and cable. 

GOVERNMENT PURPOSE RADIO AND 

INSTRUMENT HOOK-UP WIRE, 

plastic or braided type, conforming to Government 
Specification JAN-C-76, etc., for radio and instruments. 
Solid or flexible conductors, in a variety of sizes and 
colors. 

RADIO AND INSTRUMENT HOOK-UP WIRE, 

Underwriters Approved, for 80 C., 90 C. and 105 C. 
temperature requirements. Plastic insulated, with or 
wlIhout braids. 

441 

RF CIRCUIT HOOK-UP AND LEAD WIRE 

for VHF and UHF, AM, FM and TV high frequency cir-
cuits. LENZ Low-Loss RF wire, solid or stranded tinned 
copper conductors, braided, with color-coded insula-
tion, waxed impregnation. 

SHIELDED MULTIPLE CONDUCTOR CABLES 

Conductors: Multiple-2 to 7 or More of flexible tinned 
copper. Insulation: extruded color-coded plastic.Closely 
braided tinned copper shield. For: Auto radio, indoor 
PA systems and sound recording equipment. 

SHIELDED COTTON BRAIDED CABLES 

Conductors: Multiple-2 to 7 or more of flexible tinned 
copper. Insulation: extruded color-coded plastic. Cable 
concentrically formed. Closely braided tinned copper 
shield plus'brown overall cotton braid. 

CHECK  P O 
FIRST! 

M C2 =2:1 

SPECIAL HARNESSES, 

cords and cables, conforming to Government and civilian 
requirements. 

 Zhu.; 

SHIELDED JACKETED MICROPHONE CABLE 

Conductors: Multiple —2 to 7 or more conductors of 
stranded tinned copper. Insulation: extruded color-
coded plastic. Closely braided tinned copper shield. 
Tough, durable jacket overall. 

JACKETED MICROPHONE CABLE 

Conductors: Extra-flexible tinned copper. Polythene 
insulation. Shield: 136 tinned copper, closely braided, 
with tough durable jacket overall. Capacity per foot: 
29MMF. 

TINNED COPP2R SHIELDING AND 

BONDING BRAIDS 

Construction: 134 tinned copper braid, flattened to 
various widths. Bonding Braids conforming to Federal 
Spec. QQ-B-S75 or Air Force Spec. 94-40229. 

PA AND INTERCOMMUNICATION CABLE 

Conductors: .22 stranded tinned copper. Insulation: 
textile or plastic insulated conductors. Cable formed of 
Twisted Pairs, color-coded. Cotton braid or plastic 
jacket overall. Furnished in 2, 5, 7, 13 and 25 paired, or 
to specific requirements. 

Lenz Electric Manufacturing Co. 
1751 N. Western Ave., Chicago 47, Illinois 

Or -19th Year in Business 

cords, cable and wire for radio • p. a.. test instruments • component parts 
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BY GUARDIAN 
Yuletide joys of '52 will again include many Xmas electrical 
gifts controlled by Guardian Relays. Despite circumstances 

that enlist more Guardian Relays for jobs in war planes, 

tanks, communications, bomb releases and gun controls, 
Guardian Relays are still available in quantity for improved 

control of peacetime products. The Guardian Series 335 D.C. 
Relay is a typical unit. It has been furnished to both MIL-R-
5757 and MIL-R-6106 in open and sealed versions and is 

manufactured under MIL-Q-5923A standards. 

Generous coil winding area permits single windings up to 
15,000 ohms. Power: Normal 3 1/2 watts. Bakelite insulated tested 

at 900 V., 60 Cyc. Built-in delay with copper head for delayed 

attract up to .06 second and copper heel for delayed release up 
to 0.1 second. Contacts 1/4 " dia. silver, 12 amps at 24 V., D.C. 
Maximum combination up to 4 PDT (with 12 amp contacts). Open 
type mounting, metal cover, or hermetically sealed with leads 

or screw terminals. Special brackets to order. 

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

A CONFECT! LINE  Of  AAAAAA  SINNING AMERICAN  INDUSTRY 

PROCEEDINGS OP THE I.R.E.  December, 1952 
25A 



"SEALED-IN" DESIGN eliminates need for metal enclosures and fungus-proof coating. 

DES10 

New G-E cast-permafil transformers 
are 20% smaller, "sealed for life" 

TRANSPARENT M ODEL shows simple con-
struction of new transformer. Terminals 
are anchored directly in mixture to cut 
size and weight. 

Meet MIL-T-27 (Grade 1) performance requirements 

Greater flexibility in many elec-
tronic designs is made possible by 

General Electric's new line of 
cast-permafil transformers, thanks 
to their light weight and small size. 

These solventless-resin-type 
transformers are completely mois-
ture-proof. They have fewer ma-
chined and punched parts. Tough, 
solid, shatter-resistant cast per-
mafil ends the necessity for fungus-

proof protective coatings. 

GENERAL 

At 130C ultimate, these trans-

formers have an expected life of 
1000 hours or more. The com-

plete line of 11 sizes, available 
in various terminal arrangements, 
averages about 20 per cent small-

er than previous metal-encased 
transformer models. 

For further information, write 
to Section 667-23, General Elec-

tric Company, Schenectady 5, 
New York. 

ELECTRIC 
26A 
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TIMELY HIGHLIGHTS 
ON GE COMPONENTS 

Permafil d-c capacitors have 80% less weight, bulk 
They operate in ambients up to 125C 
for 10,000 hours without derating 
High or low temperatures have little 

effect on the electrical stability of 
G-E  permafil  capacitors.  Their 

paper dielectric is impregnated with 

a solid plastic compound -they can't 
leak. Insulation resistance is high, 

and change in capacitance with tem-

perature is slight. With proper de-
rating, these units can be used at 

temperatures as high as 150C. 
Permafil capacitors average about 

1/5 the size and weight of liquid-
filled capacitors properly derated to 

operate at 125C. Because of their 
small size and excellent electrical 

characteristics they are ideal for 

most high-ambient blocking, by-

pass, filtering, coupling and timing 
applications. They are available in 

ratings of 0.05 to 1.0 muf, 400 volts 
d-c. All are housed in hermetically 

sealed metal containers, with G-E 

all-silicone bushings. Check coupon 

for Bulletin GEC-811. 

Bushings for hermetic sealing 
More and more designers are specifying 
G-E glass bushings  the type used on 
capacitors, rectifiers, and instrument 
transformers. For use where permanent 
hermetic sealing of electric apparatus 
is desired, these bushings are easily 
attached by soldering, brazing, or weld-
ing to form a permanent, vacuum-tight 
seal. Bulletin GEA-5093. 

Immediate shipment on delay line 
G-E delay line, ideal for delaying sig-
nals  in electronic  circuits,  is now 
available for immediate shipment. Nom-
inal 1000-ohm line delays signals 3!, 
microsecond per ft. Light weight and 
flexible, it is used widely in military 
and industrial electronics. Can be ob-
tained in bulk to be cut to desired 
lengths. Bulletin GEC-459. 

Components 

Meters, Instruments 
Dynamotors 
Capacitors 
Transformers 
Pulse-forming 
networks 

Delay lines 
Reactors 
Thyrite* 
Motor-generator sets 
Inductrols 
Resistors 
Voltage stabilizers 
*Reg. Trade-mark of General Electric Co. 

EQUIPMENT FOR 
ELECTRONICS 

MANUFACTURERS 

Fractional-hp motors 
Rectifiers 
Timers 
Indicating lights 
Control switches 
Generators 
Selsyns 
Relays 
Amplidynes 
Amplistots 
Terminal boards 
Push buttons 
Photovoltaic cells 

Glass bushings 

Development 
and Production 
Equipment 

Soldering irons 
Resistance-welding 
control 

Current-limited high. 
potential tester 

Insulation testers 
Vacuum-tube volt-
meter 

Photoelectric re-
corders 

Demagnetizers 

New relay doubles tip pressure 
Tins new hermetically sealed relay has 
a larger  magnet  delivering  double 
average tip pressure yet doesn't exceed 
Air Force-Navy size and weight specs. 
Sealed in a standard-size enclosure 
against dirt, salt, moisture, and pres-
sure changes, it withstands 50g shocks 
and instantaneous voltage surges up to 
1500 volts. Bulletin GEA-5729. 

General Electric Company, Section B 667-23 
Schenectady 5, New York 

Please send me the following bulletins. 

for reference only 

X for planning an immediate project 

• GEA-5093 Glass Bushings 

O GE4-5729 Hermetically Sealed Relays 

O GEC-459 Delay Lines 

O GEC-811 Permafil Capacitors 

Name 

Company 

City 

i •111111 1, 

State 

1 
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Internatkmal 
RECTIFIER 

CORPORATION 
EL SEGUNDO 

V i& b 0 CALIFORNIA  .Reakr 

TYPE U SERIES 

TYPE 1 U 1 
Output 20V - 1.5 ma 
Specifications at 45° C 

Max. Reverse Current 27 ua at 26V 
Rated Forward Current  1  5 ma. 
Shunt Capacitance at 100Kc. . 0.00014 rif 

Maximum Ratings 
Peak Inverse Voltage . 60 volts 
Max. Average Rectified Current . .1.5 ma 
Peak Rectified Current  20 ma 
Max. Surge Current (I sec)  80 ma 
Ambient Temp. Range.. —50 to 100° C 
Max. RMS Applied Voltage... .26 volts 
Max. RMS Input Current  3.75 ma 
Max. DC Output Voltage  20 volts 
Voltage Drop at Full Load 1 volt 
Reverse Current at 10 V RMS..  2.4 ua 
Frequency, Max.  100 Kc 
Alio available in 2U1, 3U1, 4U1 

%.+ 

WRITE FOR BULLETIN SD-1 

a 

TYPE 1T1 
Output 20V - 200 ua 
Specifications at 45° C 

Max. Reverse Current ... .6.0 ua at 26V 
Rated Forward Current  200 Ha 
Shunt Capacitance at 200 KC . 0.000057 at 

Maximum Ratings 
Peak Inverse Voltage  60 volts 
Max. Average Rectified Current .200 ua 
Peak Rectified Current 2.6 ma 
Max. Surge Current (I sec)  10 ma 
Ambient Temp. Range. . —50 to 100° C 
Max. RMS Applied Voltage. .. .26 volts 
Max. RMS Input Current  500 ua 
Max. DC Output Voltage  20 volts 
Voltage Drop at Full Load  1 volt 
Reverse Current at 10 V RMS.  0.6 Ha 
Frequency, Max.  200 Kc 

Aho available in 2T1 

T SERIES 

INTERNATIONAL RECTIFIER 
0  R  A 

0 
General Offices: 1521  E. Grand Ave., El Segundo, Calif.  • Phone: El Segundo 1890 
Chic a g o  Br a nc h  Offic e:  205  W est  W ac k er  Dri v e  •  Ph o n e:  Fr a n kli n  2- 3 8 8 9 

Ne w  York  Branch  Office:  12  W est  32n d  Street, N. Y. 1  •  Ph one:  Chickerin g  4-001 7 

28. 
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TO 

LAROE$T 

POWER RECTIFIERS 
CELL SIZES: From 1"x 1" to 6,4"x 7 1,‘" 
CURRENT RATINGS, per cell: 
0.125 amperes to 7 amperes 

VOLTAGE RATINGS, inverse per cell: 
22 volts rms to 40 volts rms 

Efficiency to 87%. Power factor 95% 
Suitable for oil immersion. 
Ratings to 250 K W. Send for Bulletin C-349 

SELENIUM DIODES 
DIAMETER: From 1/8" to 13/32" 
LENGTH: From 1/4" to 1/2" 
RMS applied voltage: 
From 26 volts to 104 volts 

RMS input current: 
max. 500 microamperes 

DC output voltage: 
From 20 volts to 80 volts 

DC output current: avg. from 200 
microamperes to 5 milliamperes 

Reverse Leakage at 10 volts RMS: 
0.6 microamperes to 2.4 microamperes 

Potted in thermosetting compound 
Temperature Range: 
From -60° C to 100° C 

Available in 1, 2, 3 and 4 cell Diodes 

Send for Bulletin SD-1 

INTERNATIONAL RECTIFIER 
0 0 A 0 

General Offices: 1521  E. Grand Ave:, El Segundo, Calif. 

Chic a g o  Br a nc h  Offic e:  20 5  W est  W ac k er  Dri v e  • 

Ne w  Yo rk  Branch  Office:  12  W est  32n d  Street, N. Y. 1  • 

• Phone: El Segundo 1890 
Ph o n e:  Fr a n kli n  2- 3 8 8 9 

Ph on e:  Chickeri n g  4-001 7 
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CLOSE-UP OF SERVO PANEL 

The above panel contains 110 
Allen-Bradley Type J potentiom-
eters, each of which may be adjust-
ed to meet transmitter operating 
requirements. 
Type J Bradleyometers can be 

supplied in single, dual, or triple 
unit construction, with or without 
line switch. 

Western Electric Overseas Radio Telephone Transmitter Panel 

OVERSEAS TRANSMITTER 

has 110 

Type J Bradleyometers 

The Bradleyometers used in this 
Western Electric pane! board assure 
stability of transmitter performance 
because the solid molded resistor 
elements of these Bradleyometers are 
not affected by heat, cold, moisture, 
or age. The contact brush, which 
actually improves with age, is always 
noiseless in operation. 
Bradleyometers can be built to 

produce  any  resistunce - rotation 
curve. During manufacture, the mate-
rials entering into the molded resistor 
can be varied in resistance through-
out the circumference of the ring to 
meet your special electronic circuit 
requirements. 
If you have a critical rheostat or 

potentiometer problem, be sure to in-
vestigate the Type J Bradleyometer. 

Allen-Bradley Co., 1 14 W. Greenfield Ave., Milwaukee 4, Wis. 

ALLEtsr-BRi pLEY 
FIXED & ADJUSTABLE RADIO RESISTORS 

of radio and electronic equipment 
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DEPENDABLE 
kt MICRO-SECOND TIMING 

V111E1111 II CAN'T 
iffOR  0 MISS 

IN MEASURING: 

• VELOCITY 
• ACCELERATION 
• DETONATION 

TIME 
• DOPPLER 

FREQUENCIES 

• PULSE 
CHARACTERISTICS 

GREATER ACCURACY 
The use of an 8 megacycle crysta 
measurement available in direct 

COMPLETE DEPENDABIL1 

8 MEGACYCLE 

COUNTER-

CHRONOGRAPH 

I 
' 

time p,0 se pr 4des the highest resolution of time 

adin  lnstrumlents.  , 

To assure the highest degree of  eper obility a straiglitforward 3-stage binary 
counter is used at the 8 megacycle frequency, permitting \the conservative use of 

decade counters at the lower frequencies.  i 

DIRECT READING — 
Digital rreeggiissttrraattiioonn  ht--Used to indicateitime from 1 microsecond to 1 second by 
means of 6 Potter decades. Fractional parts of a microsecond are read from a 
3-stag• binary counter which indicates in steps of '8 microsecond. 

PROVED PERFORMANCE 
Ten years of service in proving grounds and research centers give conclusive evi-
dence that the simplified circuitry inherent in the Potter Counter-Chronographs pro-

vides the maximum reliability for critical timing applications 

WIDE APPLICATION 
There is a Potter Counter-Chronograph made for your specific application.... High-
speed digital recorders are available for permanent recording of measurements at 

rates up to 150 per second 

WRITE FOR INFORMATION AND ENGINEERING DATA 

POTTER INSTRUMENT COMPANY „ C ORP ORATE ° 
109 CUTTER MILL  ROAD,  GREAT  NECK,  NE W  YORK 

MANUFACTURERS OF 
PREDETERMINED ELECTRONIC COUNTERS • FREQUENCY TIME COUNTERS • PRESET INTERVAL GENERATORS 

HIGH SPEED PRINTING AND RECORDING, SHIFT REGISTERS, AND DATA HANDLING EQUIPMENT 

LIABLE AND 
CONVENIENT MEANS 

FOR CHECKING BOTH LEAKAGE 
AND CONTINUITY OF ELECTRICAL 

COMPONENTS? 

MODEL C-3 RESISTANCE 
METER IS YOUR ANSWER 

Th. Model C-3 Resistance Meter 

use by manufacturers in checking be 

continuity of electrical components. 1 

valuable for making rapid checks of 

resistance of transformer windings, cond 

electrical wiring, as well as measuring the 

value of resistors and windings. 

ELECTRICAL SPECIFICATIONS 

designed for 

eakage and 

rticularly 

ulation 

and 

ACCURACY: Plus or minus 3% of full scale de-

flection plus 1 ohm on the OHMS ranges. 

Plus or minus 3% of full scale deflection (ap-

proximately 3 degrees) on the MEGOHMS rang•s 

except 10' range. 

Plus or minus 5% of full scal• deflection on 

10' megishms range. 

RANGES: 1 ohm to 1 million megohms 

Th• ohmmeter applies a maximum of 11/2 volts 

to the resistor under test. It has a scale of from 

1 0 to 500 ohms and a selector switch for selecting 

scale multipliers of x 1, x 10, a 10', and x 10 I 

The leakage tester applies a maximum of 105 

volts to the unit under test. Its scale reads from 

1 to 100 M g  ohms and has multipliers of x 1, x 1. 

is 10 

' SOUTHWESTERN INDUSTRIAL 
ELECTRONICS CO MPANY 



Flex-o-Tube Hose, and cross section of 
machined male fitting. 

...finds brass makes fine fittings 

Cross Section of machined and flared 
female fitting. 

For quick, accurate and economical machining, 
free-cutting brass rod is preferred by many 
companies, such as Flex-O-Tube, Division of 
Meridan Corporation, Detroit, Mich. This com-
pany makes hose assemblies and fittings to con-
duct air-oil-water-gasoline and hydraulic power 
for the automotive, farm implement, machine 
tool and aircraft industries. Some of these hoses 
have a minimum bursting pressure of 20,000 
pounds per square inch, which gives an indica-
tion of the tightness required, which can be 
obtained only by strength and accuracy. 

Flex-O-Tube has found six points of superiority 
for brass over other metals, as follows: 

1. Brass "flows," or is ductile, so that no cracks 
result during the crimping operation required 
to fasten the fittings to the hose. 
2. Ductility and strength inherent in brass act 
to provide a superior seat to fittings designed to 
control fluid flow. Competitive metals are either 
too hard or too soft to give positive closing and 
tend to leak. 
3. Where the design of the fitting is intricate, 
necessitating removal of considerable metal by 
machining, the automatic screw machines can 
be run faster with free-cutting brass rod. 
4. Brass has a high scrap value, and the scrap 
sold back to the mill increases brass supplies. 
5. The break-even point between brass and 
other metals is especially favorable to brass in 
the sizes of rod that Flex-O-Tube buys. 

6. Customer preference is for brass, which is 
universally recognized as a quality metal. Hence 
brass fittings are more readily sold, and in fact 
often are specified regardless of size or price 
differentials. 

Included in the Flex-O-Tube operations are 
machining, flaring, crimping, and annealing 
to assure the proper ductility for flaring and 
crimping. 

Revere is an important supplier of brass rod to 
Flex-O-Tube, and has also collaborated with this 
customer through the Revere Technical Advisory 
Service. 

If you wish information about brass and how one 
or more of the Revere brasses can add to the 
economy and saleability of your product, get in 
touch with the nearest Revere Sales Office. See 
your telephone directory or write direct. 

REPERE 
COPPER AND BRASS INCORPORATED 

Founded by Paul Revere in 1801 

230 Park Avenue, New York 17, N. Y. 

Mills: Baltimore. Md.:Chicago and Clinton, Ill.: Detroit, Mich.; 
Los Angeles and Riverside.Calif.;Nete Bedford. Mass.; Rome. N. Y. 
Sales Offices in Principal Cities. Distributors Ever)uhere, 

SEE REVERE'S "MEET THE PRESS" ON NBC TELEVISION EVERY SUNDAY 
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Are you missing any of these 
IRON CORE 

ENGINEERING PO 
4 /4' Smaller tuning units 

less  critical materials net ic p 
and.  electrostatic and electromag rotection over 

that  supplied by the  can, Stackpole sleeve cores permit use of a smaller 
can and enable it to be made from less  critical and costly materials. 

V Higher Ca  V Smaller asse mblies 

Stackpole threaded type :r0" cores eliminate the  brass core 
*V? Simplified tuning 

usual 

screw from the field of the  coil, thus greatly increasing efficiency. 

Molded 
End  I. 

Bett 
V I. er, more accurate 

per meabili  to  as sure 

ty tuning 
°s et 

'Extra  density of molding pressure extends even1,y 

the entire length of Stackpole side-molded cores   

highly uniform permeab ty. 
• ........1404,000.006 

So shielding proble ms 

4 ( High Ca in small space 
omplete  l 

Poneers in cup cores, Stackpole offers a c ine 

of standard and special self-shielding types. 

foe 

There's no substitute for molded iron 
cores in a long list of applications—elec-

trically, mechanically or economically! 

Besides all regular styles for high, low 

and standard frequencies, Stackpole offers 

Side 
likeided 

full facilities for the quality-controlled 

production of almost any needed special 

type. Write for Catalog RC-8 to Electronic 

Components Division, Stackpole Carbon 

Company, St. Marys, Pa. 

STACKPOLE 
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EWS:tqA9giex C AXIAL 
provides high-power, low-loss communication links 

Cut-away Section of 

Styroflex Coaxial Cable 

Inner Copper Conductor 

Styroflex Tape Helix 

Keeps inner conductor absolutely 

and permanently centered, 

even at sharp bends. 

Provides a uniform combination 

of solid and air dielectrics at 

every cross-section of cable. 

Outer Belt of Styroflex Tape 

Increases leakage path between 

inner conductor and outer 

aluminum sheath. 

Outer Alu minu m Sheath 

Consists of continuous aluminum 

tube without joints. 

Acts as outer conductor. 

4*\ 
v4 A1 

Typical TV antenna installation 

of Styroflex coaxial cable as a 

power line from station trans-

mitter to antenna. 
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CA  VP ELPS DOE BLED H DO 
in semi-flexible 1000-ft. lengths without joints! 

Reflections Reduced to Absolute Minimum 

in AM, FM, TV and Microwave Applications 

Phelps Dodge Copper Products Corpora-
tion's new semi-flexible, aluminum sheathed 
Styroflex cable is specially designed to meet 
the need for a high-power, efficient low-loss 
coaxial cable in the AM, FM, TV and micro-
wave fields. The cable reduces reflections— 
which cause ghost images in television and 
distortions in communications—to an abso-
lute minimum. 

It was developed by Felten & Guilleaume 
Carlswerk, of Cologne, Germany, which has 
made a great many successful installations of 
the cable throughout Europe. Phelps Dodge 
is currently making the cable for sale in the 

United States in standard American sizes and 
impedances under a working agreement with 
the Cologne firm.The cable is manufactured in 
continuous 1000-foot lengths, without joints, 
and shipped on reels. 

Outstanding feature of the cable is the use 
of insulating Styroflex film to form a helix. This 
helix, built up of hundreds of precision-wound 
Styroflex tapes, firmly supports and centers 
the inner conductor coaxially in an aluminum 
sheath at all times, assuring retention of ex-
cellent electricaf properties. Essential flexibil-
ity of the Styroflex tape is obtained by special 
manufacturing techniques. 

• In test of strength and ruggedness of Styroflex 
coaxial cable, heavy truck drives over several 
'samples without damaging them. 

• Perfect centering of inner conductor is maintained by 
Styroflex tape helix, regardless of bending or load cycling 
both during installation and in service. 

PHELPS NM WPM PRODUCTS 
CORPORATION 

40 WALL STREET, NE W YORK 5, N. Y. 
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MINIATURE IN SIZE - GIGANTIC IN PERFORMANCE 
FUSITE GLASS-TO-METAL HERMETIC TERMINALS 

.-1F1117 
These Miniatures . . . . . Now Available in these Electrode Treatments 
"•: 77...414441111 1111 Fmommmum 

1000 V 
Flange 
Diameter 
.200 

Mounting 
Hole 
1/8 

1500 V 
Fla nge 
Diameter 
.250 

Mounting 
Hole 
3/16" 

1500 V  (7) 
Flange 
Diameter 

Mouriting 
Hole 
M6" 

2000 V 
Flange 
Diameter 

Y16 " 

Mounting 
Hole 
l y54 11 

Illustrated 

#I05 'NSW 

Illustrated 

#I06 FP 

(17  

-411.. 4.1r 

11strafed 

#I07 BLHT 

TERMINALS 
PROTECIPROOUCT 

PERFORMANCE 

M EA\  

3 

÷ 7 

104 THSW 

—  a 32 

104 THFP 

104 SERIES 

1 105 TB Loop FP 

THE FU ME 

4  64 

105 NSW 

D4 • 

32 

7 

lb  4  7 

105 TB THFP 

r  
00 ,0A 

7  

T 

104 FPSW 

D47• 

105 FPSW 
047. 

L. 

r 
10 

"Z4  4 

105 FP 

105 
SERIES 

=MB 

GENERAL SPECIFICATIONS 
MATERIALS—c. R. Steel disc  INSULATION TEST-10,000 
and steel electrodes. Interfused  megoh ms after  salt water im-

with gloss.  mersion. 

PRESSURE TEST-12 pounds  SUDDEN THERMAL SHOCK 
gauge.  TEST —d ry ice to boiling water. 

1_ 
DSO.. 
7-

8 

107 HT (Short) 

107 SERIES 

CORP OR ATI O N 

6000 FERNVIE W AVENUE - CINCINNATI 13, OHIO 

J 
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laCT ONEJ allP 4W4Y 

FRON 4 pe-Aocier 

You can area pogo Ly( 
stick *make  t • . 

BUT it's simpler to 
design the radio 
around the battery! 
National Carbon offers a complete range of "Eveready" 
"Nine Lives" radio batteries. Just design your new model 
receiver—any type or size—around standard. compact, 
long-lasting "Eveready" batteries and forget you ever 
had a battery problem. 
Users prefer them, too. They enjoy better listening 

longer ... and when replacements are necessary. 
"Eveready" brand radio batteries are sure to be available 
wherever radio batteries are sold. 
Write to our Battery Engineering Department for full 

details andspecifications of "EVEREA DY" radio batteries. 

"Et eready" No. 964 "A" 
battery  and  "Et eread$" 
No.  "13" battery for 
"personal" receivers — 
lowest priced complement 
of its size on the market 
— feature lowest cost per 
hour of listening plus a 
new high in balanced life 
of the two components. 

1."  

114 'READY 

EVE READY 
T R A DE- M A RK 

RADI O  BATTE RIES 

The terms  Eveready", "Nine Lives" and the Cat Symbol 
are registered trade-marks of Union Carbide and Carbon Corporation 

NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 

30 EJst 42nd Street. New York 17, N. Y. 

District Sales Offices: Atlanta. Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 

IN CANADA: 
National Carbon Limited, Montreal. Toronto, Winnipeg 
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An Electronic System That Converts 
Digital Data To An Analog Plot ... 
1--fere is a system that will save countless man-hours and costs, and 

will insure accurate and clear presentation of data. 
This new Dataplotter, designed and developed by Electronic Asso-

ciates Inc., will automatically plot a cartesian curve composed of incre-
mental points or symbols from 113N1 card data at maximum machine 

reading speed. 
It will accept data from other inputs — Magnetic tape, keyboards, 

digital computers, etc. 
It will retain at all times the basic accuracy of the digital system. 
Here's what the Dataplotter system consists of: 

Variplotter Model 205G 
Digital-to-analog converter, Model 417 
Data input keyboard 

For further information, clip out and mail the coupon below. No 

obligation. 

ELECTRONIC 

ASSOCIATES 

a co,r 

Electronic Associates Inc. 

Loon Branch 

New Jersey " y r  

Gentlemen: Would you be kind enough to send me 
detailed information on your Datoplotter. 
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The NEW Collins Mechanical Filter.. 
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60 
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SELECTIVITY CHARACTERISTICS  

COMPARISON OF COLLINS MECHANICAL FILTER  AND 

IF STRIP USING  TEN  CASCADE  TUNED  CIRCUITS 
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FREQUENCY — KILOCYCLES 

SPECIFI C ATI O NS 

Operating Frequency    455 kc 
Nominal Band Width  3 kc 
Peak to Valley Ratio  1  5 db 
Insertion Loss    26 db 
Overload Input Power Level   .035 watt 
Operating Temperature Range (without 
temperature compensation)  15°C to 80°C 
Vibration  Satisfies Requirements of Army 

Navy Specification AN-E-19 
Case Size  1" x 15/16' x 2-13/16" 
(Filter Shown with Hermetically Sealed Shield 
Removed) 

Input and Output Impedance  6,500 ohms 

Engineering samples are now available. For complete technical 
data and price information, use the convenient coupon below: 

I—    — 1 
I  Collins Radio Co mpany (Dept. 23) 
Cedar Rapids, Iowa  

I 
Please send complete Infor mation on The Collins M echanical Filter. 

I NAME  I 

TITLE  

IADDRESS OR FIRNI —   I 

Orr    STATE   

A.NOTHER outstanding result of Collins Research and 
Development — the Mechanical Filter — has been en-
gineered to fill a long-standing need in the field of 
electronics for a compact,. permanently tuned band pass 
filter for intermediate frequency amplifier applications. 
Mechanical elements of the Collins Filter provide selec-
tivity characteristics approximating the ideal rectangular 
shape needed for very close spacing of adjacent voice 
communication channels. Space requirements are reduced 
to a minimum with this hermetically sealed component 
that requires no adjustment. 
Production of the Collins Mechanical Filter in quantity 

is going ahead at an increased rate in anticipation of the 
many applications in industry for which this NE W Filter 
will be found ideally suited. Characteristics of Filters 
in current production are shown in the specifications 
below. Filters having other characteristics are in devel-
opment and will be announced in the future. 

For advanced electronic development, it's 
•=1 M111 ••••• =•11• 

COLLINS RADIO CO MPANY, Cedar Rapids, Iowa 

11 W. 42nd Street, NE W YORK 36 1930 Hi-Line Drive, DALLAS 2 2700 W. Olive Avenue, BURBANK 

• 

‘44, 4•014 141•111•1111111• MIN 

PROCEEDINGS OF THE IRE.  December, 1952 3'1 A 



•4•0 

COMMUNICATION PRODUCTS' 

LOW-LOSS LACQUER 

•-•••••4? 

A-27 
LO W-LOSS LACQUER 

and CEMENT 
0-MAX is widely accepted as the standard for R-F circuit 
components because it is chemically engineered for this sole 
purpose. 

0-MAX provides a clear, practically loss-free covering, 
penetrates deeply, seals out moisture, imparts rigidity and 
promotes electrical stability. 

0-MAX is easy to apply, dries quickly and adheres to prac-
tically all materials. It is useful over a wide temperature 
range and serves as a mild flux on tinned surfaces. 

0-MAX is an ideal impregnant for high "Q" coils. Coil 
"Q" remains nearly constant from wet application to dry 
finish. 

Q-MAX is supplied in 1, 5, and 55 gallon containers. 

WRITE FOR ILLUSTRATED LITERATURE 
The CP Catalog contains detailed information includ-
ing recommended applications and typical uses. 
Illustrated literature is also available on SEAL-0-
FLANGE TRANSMISSION LINE, TOWER HARDWARE, 
COAXIAL DIPOLE ANTENNAS, AND AUTO-DRYAIRE 
DEHYDRATORS. Request your copies today. 
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What Rauland means by 
"Perfection Through Research" 

Rauland is one of the few companies 
devoting so much top engineering talent 
full time to picture tube improvement 
and perfection. 

The result has been to give you more 
picture tube advancements since the 
war than any other manufacturer... 
first chance at the latest developments 

Rauland large- screen projectors using 
three different optical systems, all of which 
give theater-size pictures. 

All-electronic tri-color tube in electronic 
receiver system (left) in comparison with 
mechanical system (right). 

Examination with polarimeter permits 
careful control of strains for superior 
glass-to-metal sealing. 

Careful study of the formation of thin 
metallic films in a vacuum ... basis for 
the aluminizing of tubes. 

THE 

for companies using Rauland tubes as 
original equipment . . . and a real selling 
edge at the retail level because of the 
extra satisfaction which Rauland advan-
tages offer. 
That's why so many alert manufac-

turers look to Rauland for the best in 
picture tubes. 

Alignment of the screen and parallax 
mask of tri-color tube containing approxi-
mately a million fluorescent dots. 

Rubber model for studying electron opti-
cal designing—basis for Rauland's exclu-
sive Indicator Ion Trap. 

Inspection and checking of perforations 
.0075" in diameter in masks of tri-color 
picture tubes. 

A physicist using a Rauland-developed 
radiation meter in checking X-ray radia-
tions from cathode ray apparatus. 

RAULAND CORPORATION 

77-uurntyk Re.i.exuLek 
4245 N. KNOX AVENUE • CHICAGO 41, ILLINOIS 
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Electronic Computer gets the answers... 
BRUSH PUTS THEM IN WRITING! 

RECORDS SIX VARIABLES SIMULTANEOUSLY. 
The Brush six-channel Magnetic Oscillograph 
is designed for simultaneous recording of six 
electrical and/or mechanical phenomena, with 
a chart record instantaneously available. This 
instrument facilitates multiple strain measure-
ment, vibration analysis, wind tunnel work, 
circuit analysis. etc. Built-in gear changer pro. 
vides instantaneous shift from high to low 
speed; wide choice of chart speeds available. 
Furnished for ink writing or combination 
electric and ink writing. 

RECORDS SIX VARIABLES CONSECUTIVELY. 
If simultaneous strain measurements are not 
necessary, consecutive measurements can be 
made with substantial saving in equipment 
cost. The Universal Bridge Switch, when 
coupled with a Brush Universal Analyzer and 
two-channel Magnetic Oscillograph, permits 
consecutive recording of strain measurements 
from six different locations on the structure or 
specimen being tested. One of the two channels 
of the oscillograph records strain, the other 
channel indicates the location of the particular 
strain measurement. 

This Electronic Analog Computer, developed and manufactured 
by the Boeing Airplane Company, permits engineers to explore 
problems in all their variations at one time. Hours of laborious 
calculations are eliminated. 

With the use of the Brush six-channel Oscillograph, results 
from as many as six different computations are recorded simul-
taneously. Plotting of results is not necessary, since the Brush 
Oscillograph provides permanent chart records—immediately! 

Boeing uses Brush Recorders extensively in their analog 
computer activities and indicates that their experience with this 
equipment has been very satisfactory. 

Investigate Brush Recording Analyzers for your studies .. . in 
the laboratory, on the test floor, in the field. Expert technical 
assistance from Brush representatives located throughout the U.S. 
In .Canada: A. C. Wickman, Limited, Toronto. 

For complete information write The Brush Development 
Co., Dept. F-43, 3405. Perkins Ave., Cleveland 14, Ohio. 

PUT  IT  IN  WRITI N G  WIT H  A 

THE 

tad 
DEVELOPMENT COMPANY 

BRUSH  REC OR DI N G  AN ALYZER 

Piezoelectric Crystals and Ceramics 

Magnetic Recording Equipment 

Acoustic Devices 

Ultrasonics 

Industrial & Research Instruments 
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THE addition of a new complete line of 
ERIE Button Silver-Mica Condensers, 

designed for operation at 150°C, is impor-
tant news to manufacturers of military 
electronic equipment and specialized com-
mercial applications. The new line greatly 
extends the range of applications for the 
popular ERIE Button Micas. The new line is 
available in the eight standard terminal and 
mounting styles, and in other styles on spec-
ial order. Write for samples and literature. 

ERIE  
RESISTOR CORP 

SPECIFICATIONS 

Maximum Operating Temperature: 150°C, 

Voltage Rating: 500 DC. 

Capacitance Values: All standard decade values 
from 10 mmf to 1000 mmf. 

Capacitance Tolerance: • 20%,  10%,  5%, 
• 2%, or • 1 mmf, whichever is greater. 

Q: 1000 minimum for values above 30 mmf. 

Insulation Resistance: 10,000 megohms minimum. 

Life Test: 750 volts DC for 1000 hours at 150°C. 

Seal Test: Moisture resistance conditioning in accord-
ance with MIL M745. After this the following 
shall be met: 

Insulation Resistance: 500 megohms minimum. 

0: 500 minimum for values above 30 mmf. 

Capacitance Change Limit: 3% or 0.5 mmf, 
whichever is greater. 

Temperature and Immersion Cycling: In accord-
ance with ASESA Project 114. After this the 
following shall be met: 

Dielectric Strength: 600 volts DC. 

Insulation Resistance: 3000 megohms minimum. 

0: 750 minimum for values above 100 mmf. 

Capacitance Change Limit: 3% or 0.5 mmf, 
whichever is greater. 

ERIE RESISTOR CORPORATION  . . ELECTRONICS DIVISION 

Main Offices. ERIE, PA. 
Soles Offices  Cliffside, N. J. • Philadelphia, Pa. • Buffalo, N. Y. • Chicago, Ill. 

Detroit, Mich. • Cincinnati, Ohio • Los Angeles, Calif. 

Fortorws  ERIE, PA. • LONDON, ENGLAND • TORONTO, CANADA 
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NEW 

c eta To AM Broadcasting 

Continental Electronics type 314-2 transmitter 

By employing 4-400A radial-beam power tetrodes, 

and other up-to-the-minute developments in its one 

kilowatt transmitter, Continental makes a significant 

advancement in the field of AM broadcasting. 

As power amplifiers a pair of Eimac 4-400A te-

trodes give outstanding performance. Only two RF 

amplifiers are used in the 314-2, including the output 

stage which takes advantage of the low driving pow-

er requirements, high power gain and stability of 

Eimac 4-400A's. 

Continental Electronics' 

One kilowatt transmitter 

goes 

On the Air 

with 

Eimac Tetrodes 

Eimac 4-400A's in high level stages. 

As modulators two 4-400A's are driven by a high 

quality, resistance coupled audio amplifier with fixed 

audio feed-back. As in the power amplifier these te-

trodes make possible the adaptation of simple, 

straight-forward circuitry. 

For data about the 4-400A write 

Eimac's Application Engineering 

department. 

EITEL- McCULL OU GH,  INC. 
S A N  B R U N O,  C A L I F O R N I A 

boort Agents  Frozor & Hansen, 301 Cloe St., Son Fronosco, Cal ,lo,n.o 

4,4A 
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Two Special Purpose Connectors by 

Battery Connectors 
8-pin type for both A and B batteries 
used in all types of field communication 
equipment. "RUGGEDIZED" for extra 
security and long service life: polarizing 
stud is ALL METAL and all metal 
parts are cadmium plated and 
sealed with an indite sealer. 
Cable may be brought out at 
any desired side position and 
locked. Handy bail makes removal from 
inaccessible places easy. 

We invite your inquiries on any problems con-
cerning connectors. Our wealth of engineering 
experience in this specialty is at your service. 

Quick as a Fox! 

Quick Disconnect 
Simply push male and female members 
together and lock. To disconnect with 
minimum resistance, pull back 
sleeve on plug shell and disconnect. 
Exceptionally low disengaging force required 
(less than 6 lbs., excepting pin friction). 
Vibration proof, moisture-proofed 
with synthetic rubber insert. Meets 
AN pin pattern and voltage requirements, 
in accordance with MIL C-5015. 
Plug shell and coupling sleeve are 
aluminum alloy, cadmium plated 
and indite-sealed. 
(Federal Spec. 
QQP — 416, Type 2.) 

' 

1  r 
• 

Receptacle Types: 
Round flange single 

hole panel-mounted, square 
flange for 4 bolts, or specially 
flanged to specification. All con-
tacts silver plated. 

El 
CORP ORATI O NS, INC. 

41 South Sixth Street, Newark, N. J. 
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HAMMARLUND LABORATORIES 

gite SP- 600 - JX 

With its six crystal-controlled fixed-frequencies, 
the "SP-600" is the perfect receiver for point-to-
point and network applications. Pre-arrange day 
and night fixed-frequencies. With crystal control 
you can select your desired channels immediately 
without searching. You'll always be on the nose 
because of crystal control. 

The "SP-600-JX," built to JAN specs 
and specially ruggedized to provide years 
of day-in-day-out competent perform-

for selective channel operations 
ance, is the most carefully engineered receiver 
available anywhere for selective channel operation. 

But whether you want to operate on a fixed. 
frequency for contact with an individual station or 
network, or roam the entire receiver range from 
540 Kc to 54 Mc in search of other contacts, you 

just can't operate a finer receiver than 
the "SP-600-JX." 

Write to the Hammarlund Manufac-
turing Company for further details. 

iinh•Ai3LIJALO 
HA M M ARLU N D  M A N UF ACTURI N G  CO MP A N Y,  INC. 

460 WEST 34th STREET • NE W YORK 1, N. Y. 
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Minh 
High peak power capabilities of type X-80 
in relation to its physical size have been 
accomplished through an unusually force-
ful combination of design features. 

1. Exclusive UNITED bonded thoria 
tungsten core filament for high electron 
emissivity. 

2. Exclusive UNITED graphite anode 
for maximum thermal dissipation. 

3. Exclusive UNITED isolated getter 
u-aps for retention of hard vacuum and 
high voltage internal insulation. 

Type X-80 will serve importantly as a 
high current clipper tube in radar equip-
ment employing the large hydrogen thy-
ratrons, as well as in power supply rectifier 
applications. 

Write for detailed specifications. 

Invarsis Peak 

800 mAdc 
tavevege 

as • ractiflor 

• 80 
Amber 

Peak Plate Cu m.., 
as shunt diode 

UNITED == •  ELECTRONICS 42 Spring Street, Newark 2, N.J. 
=FL ". 

(TRANSMITTING TUBES EXCLUSIVELY Since  1934) 



ATTNE PUSW  A 8070N... 

A TRUE cathode-ray voltmeter 

Once you zero-set a new Du Mont Type 304-A it is 
almost automatic to measure potentials of the waveforms 

on the screen of the cathode-ray tube. And y ou'll be 
surprised to find out how much more you know about your 

circuit; how much easier circuit development 
and production testing become when amplitude calibration 

is in front of you every time you examine a waveform. 
The new Du Mont Ty pe 304-A will make your job 

easier, will greatly simplify measurements that formerly 
were difficult or inconvenient to make. The Type 304-A 

is not just another oscillograph; it is a true cathode-ray 
voltmeter, made possible by a precision calibrator and the tight-

tolerance, flat-face Type SADP- Cathode-ray Tube. 
Only through the combined facilities, unique in the industry, 
of the Du Mont Cathode-ray Tube and Instrument Divisions 

could the Type 304-A Cathode-ray Oscillograph have evolved. 

11/ M  O N T INSTRUMENT DIVISION, 

SPECIFICATIONS: 
• Tight-tolerance, flat-face Type 5ADP- Cathode-ray Tube 
• Vertical and horizontal amplifiers flat to d.c., 10 % down at 
100 KC 

• Direct voltage measurement — Range, -0.1 to 1000 volts full 
scale, read directly from oscillogroph scale; 5% 
overall accuracy 

• High sensitivity — At full gain, 0.025 volts/inch 
• Undistorted vertical and horizontal deflection more than 
4 inches 

• Expansion equivalent of 20 inches vertically and 30 inches 
horizontally with full positioning 

• Driven and recurrent sweeps with sync limiting — Range, 2 to 
30,000 cps; provision for extra-low frequency sweeps by 
externally connected capacitor; maximum writing rate, 
1 inch/psec 

• Illuminated, numbered scale and suitable filter provided; 
scale illumination variable from zero to more than adequate 
for viewing and photography 

• Improved stability of vertical amplifier 
Price   

$333.00 

ALLEN B. DU MONT LABORATORIES, INC., 1500 MAIN AVE., CLIFTON, N. J. 

48A 
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Tetaodatht9, wifeev FUSED QUARTZ 

V tr,1440aie D ee4e/ Adefrte4 

LONG DELAY TIME WITH EXTREMELY NIGH 
STABILITY UNDER TEMPERATURE VARIATION 

FUSED QUARTZ ultrasonic delay lines 
offer decided advantages when it is neces-

sary to delay pulsed or pulse modulated sig-

nals for a precise time interval. Bliley, long 

recognized as the leading manufacturer of 

precision quartz crystals, is now prepared to 

DESIGN and CUSTOM BUILD this new elec-

tronic tool for your individual application. 

In fused quartz delay lines electrical energy 

is converted into sound energy, passed 

through the fused quartz, and re-converted 

into electrical energy by means of piezo-

electric quartz transducers which are bonded 

to either or both ends of the line. Delay 

time or transit time in the fused quartz, can 

be held to close tolerance by utilization of 

proper techniques. 

STABILITY +.2°0 between —35°C and +85°C. 

For example, a 1000 microsecond delay line will 

change less than +2 microseconds over this 

ambient range. 

DELAY TIME values from 5 to 1500 micro-
seconds are feasible depending upon related end 

use requirements. 

INfabte, general function of the delay line in your end use application. In any event, it is necessary 

consider the following conditions: 

(a) delay time 
(b) frequency (carrier) and pulse frequency 

(c) attentuation at mid-band 
(d) bandwidth at 6 db down points 

PHYSICAL SIZE In the range 5-50 micro-
seconds cylindrical shaped lines are employed, 
as indicated in the accompanying illustration. 
Other configurations may be used to meet re-

quirements up to 1500 microseconds.  For ex-
ample, a 15 microsecond (reflection type) delay 

line including an hermetically sealed case would 
be a cylinder approximately 2" long x 1" di-

ameter. 

FREQUENCY RANGE is 5-100 mc with 
delay time values as indicated above. 

INFOR MATION Please include, if practicable, information concerning the 
to 

(e) attenuation of spurious responses below 
main signal 

(f) normal operating temperature 
(g) service temperature range 
(h) dimensional limitations (if any) 

Technical Bulletin No. 45 giving more complete details will be furnished upon request. 

BLILEY ELECTRIC CO MPANY UNION STATION BUILDING ERIE, PA. 
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1920 

These "Firsts" Helped 
Westinghouse Customers 

USERS OF WESTINGHOUSE TUBES GET 

FIRST BENEFITS FRO M M ANY NE W 

TUBE DEVELOP MENTS 

These are only a few of the "firsts" 

that Westinghouse created in the 

electronic tube industry. In each 

case, designers using Westinghouse 

Tubes gained advantages by having 

first chance to use these innova-

tions. 

Today, Westinghouse still pioneers 

in electronic tubes and tube mak-

ing. For instance, Westinghouse 40 

KV and 20 KV rectifying tubes are 

under 9 ounces, only 23/4 " high. 

Designers seeking the ultimate in 

space and weight savings will find 

them in these new WL-6102 and 

WL-6I03 tubes. 

Radical new developments in other 

power tubes and receiving and tele-

vision picture tubes are now being 

engineered at the NEW Westing-

house Electronic Tube Division at 

Elmira and Bath, New York. 

NEW SERVICE, 

NEW DISTRIBUTION 

Westinghouse plans for Electronic 

Tube Division expansion are in 

operation. New service facilities, 

new warehousing policies, and new 

distributors are opening rapidly. 

New merchandising methods will 

aid distributors in serving indus-

trial users—many of these business-

building programs are totally new 

in the tube industry. Here, as else-

where, Westinghouse plans to pro-

vide industry leadership in service. 

It pays in profits to deal with Westinghouse and 

with Westinghouse distributors. For full infor-

mation on how Westinghouse can help you with 

problems of design, service, or supply, call your 
nearest Westinghouse representative, or write to 

Department C-112. 

1932 

-1941 

1921 

Westinghouse Makes 
First Dry Battery 
WD-11 Tube 

*estinghouse Testing 
New Indirectirileated 

Tube 
to, 

.. 

WESTINGHOUSE INVENTS 
NEW KU-610 THYRATRON 

1926 

1926 

1929 

,,t(te.r.ru the M olt einastng 70vvtiti 

r  Tilte Owl  c+rn  yui • 

iinnouttee Yew Photo-
Tube and 1,ong-Lite 
Cathode Rag Tube 
Tr, 

th. 
4 117 7 

r 7,4c12., 

Westinghouse Patents 
KOV AR for Metal-to-
Glass Tube Sealing 

1931 _ W estinghouse Unveils 
First High Power 
UHF Tube 

Aestinghouse Tells ot 
New lgnitron Tube 

111 12 0001 OW 
111 

WL-530 in Radar 
at Pearl Harbor 

„, 
R E LI Asisit o or .  to  is m s  

YOU CAN SE SURE ...IF IT'S 

Westinghouse 
ET-95003 

.J 

E L E C T R O N I C 

T U B E  D I V  15 1 0 N 

Westinghouse Electric Corporation 

Box 284, Elmira, N. Y. 
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DIE PRESSED CERAMICS 
When you need die-pressed ceramics, American Lava Corpora-

tion has (1) BIG CAPACITY (2) BETTER QUALITY (3) LOW 
COST (4) DEPENDABLE DELIVERY. Here are a few pictures of 
our presses, from small tabletting presses and high speed 
rotaries to 100 ton hydraulics. This equipment, unmatched in 

the industry, is ready to serve you. 

AMERICAN LAVA CORPORATION 
S1 S T  Y E A R  O F  C E R A M I C  L E A D E R S H I P 

CHATTAN O OGA  5, TENNESSEE 

OF F ICES: METROPOLITAN  AREA: 671 Brood St., N•work, N. 1., Mitchell 2-8159 •  PHILADELPHIA,  1649 North Brood St., St•v•nton 4•2823 

SOUTH WEST  Jai., A. Cr.., Co., 6815 Oriole Driv•, Dallas 9, Di•on 9918 • NE W ENGLAND,  1374 Mossochus•tis Are., Cornbridg•,  Mass, Kirkland 7-4498 
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How much can you expect 
an oscilloscope camera to do? 

Scope Imago  Film Itorordi 

.1  Single-frame photography of stationary pat-
io terns using a continuously running sweep. 

Scope Image  Film Recording 

el  Single-frame photography of single transients 
•L• using c. single sweep. 

Scope Image  Film Recording 

3 Continuous-motion photography employing film 
• motion as a time base. 

Scope Imago  Film Recording 

4 Continuous-motion photograph  employing 
o oscilloscope sweep as a time base. 

FILM MOTION  FILM MOTION 
TIME BASE  IL SCOPE SWEEP 

c Continuous-motion photography employing 
combination of film motion and oscilloscope 
sweep as a time base. 

It's only reasonable that you should expect the oscilloscope camera you buy 
to record what you see on an oscilloscope screen during any period. But can 
it be expected to do any more? We think so. 
For example, did you know that the Fairchild Oscillo-Record Camera—our 

idea of the most versatile 35-millimeter oscilloscope camera now available— 
can GREATLY EXTEND THE USEFULNESS OF YOUR OSCILLOSCOPE? 
As you know, many non-recurring phenomena occur too rapidly to permit 

adequate visual study. Others occur so slowly that continuity is lost. Some-
times you have combinations of very slow-speed phenomena and occasional 
high-speed transients. In any one of these cases, the Fairchild Oscillo-Record 
Camera will take over where your eye and the oscilloscope leave off. 

This extremely versatile instrument 
hundreds of engineers in widely diver-
gent fields. For an idea of what it can 
do for you, study the five scopc images 
and recordings illustrated at left. Each 
solves a particular problem. 
Oscillo-Record users especially like 

its: 

CONTINUOUSLY VARIABLE SPEED CONTROL — 

1 in./min. to 3600 in./min. 

TOP OF SCOPE MOUNTING that leaves con-
trols easily accessible. 

PROVISION FOR 3 LENGTHS OF FILM — 100, 

400, or 1000 feet. 

For more data write Fairchild Cam-
era Instrument Corp., 88-06 Van Wyck 
Blvd., Jamaica 1, N .Y . Dept. 120-16C2. 

is now being used daily by many 

FAIRCHILD OSCILLO-RECORD CAMERA — 1. 
camera, 2. periscope, 3. electronic control 
unit. Available accessories include external 
400 and 1000 foot magazines, magazine 
adaptor and motor, universal mount for cam-
era and periscope, binocular split-beam 
Vie w ar. 

VALUABLE RECORDS FOR IMMEDIATE EVALUATION 
The Fairchild-Polaroid" Oscilloscope Camera produces a photographic print in a minute 

Valuable but inexpensive oscillograms for immediate evaluation; automatic one-minute 

processing without a darkroom; a set up time of two minutes or less—they're just three 
of the many advantages that are yours when you use the Fairchild-Polaroid Oscilloscope 

Camera. Wherever individual exposures meet your recording requirements—where you'd 
iike to have permanent records of the traces you're now sketzl-iig or_ carrying in your 

memory, this is the camera that can bring new speed, ease and economy to your job. 
Prints are 31/4  x 41/4  and each records two traces exactly one-half life sae. Write today 
for details. 

A minute 
after 

you've pulled 
the tab 

a finished print 

is ready 
for evaluation 

IRC-1111 10 
OSCILLOSCOPE RECORDING CRINERRS 
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marion 
INDUCTION SOLDERING UNIT 

MODEL PM1 

for soldering small metal parts 

and assemblies 

t 

SPEEDS UP PRODUCTION 

REDUCES COSTS 

IMPROVES QUALITY 

The Marion Model P MI Induction Heating Units, pictured 

above, are in service at the Clyde, New York, plant of the General 

Electric Company. 
Germanium diodes, diffused function rectifiers and transistors are 

manufactured at the Clyde plant and the Model PM I Induction Heater 

plays an important role in a sub-assembly operation on the whisker 
diode line. A very small pellet of germanium metal is soldered to the 
end of a nickel pin and the Induction Heater is used to elevate the 

temperature to the desired value. 

This Marion low cost, low powered, portable Induction Soldering Unit (Model PM1) simplifies, 
improves and speeds up the production of magnet assemblies, relay armatures, connectors, 
capacitors, transformer cans, germanium diode assemblies and other parts and assemblies 
in the manufacture of electrical and electronic components. In addition, the Marion PM1 
Induction Soldering Unit has many applications in other fields such as jewelry, watches, toys, 
automotive parts, household fixtures, etc. Wherever the application of intense heat to small 
units is required chances are that it can be done better, faster and easier with this Marion Unit. 
The unit was originally designed and has been used successfully for many years by Marion 

in the true glass-to-metal sealing of Ruggedized and other hermetically sealed instruments. 

SP E CI FI C A TI O N S 
Power Supply: 115 volts, 60 cycles  Power: 775 watts at full power output, 100 watts standby. 

Size: 15 3i" it 211/2" z 15"  The entire unit is rigidly assembled and mounted to prevent 
Mounting: Standard relay rock cabinet  arc-over and failure of components. It easily meets Weil 
Weight: 150 pounds  F.C.C. requirements on radiation. 

For further information write Marion Electrical Instrument Co., 407 Canal Street, Manchester. N.H., U.S.A. 

marion meters 
Reg U S Pot. Off. 

MANUFACTURERS OF RU G GEDIZED. HERMETICALLY SEALED AND STANDARD PANEL INSTRU MENTS 
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Ohmite tab-terminal and 
ferrule-terminal type resis-
tors that meet JAN-R-26A, 
Characteristic "F." 

STYLES AND SIZES 

TAB-
TERMINAL 
TYPE 

Characteristics 
G, .1, and F 

TAB-
TERMINAL 
TYPE 

with terminal hole 
to clear No. 8 

screw Characteris-
tics G, .1, and F 

FERRULE-
TERMINAL 
TYPE 

Characteristics 
G, .1, and F 

FLAT TAB-
TERMINAL 
TYPE 

(Stack Mounting) 
Characteristics 

6 and 

AXIAL-
TERMINAL 
TYPE 

Characteristics 
G and 

RW 79 
1W-30 
IW-31 
RW-32 
IW-33 
1W-34 
IW-35 
1W-36 
RW-31 
IW-38 
11W-39 

Style 
1*- 40 
RW-41 
1W-42 
OW-43 
RW44 
1W-45 
.RW 46 
118 

Style 
IW 10 
1W-11 
1W 17 
RW 13 
RW 14 
0W-IS 
1191 16 

Style 
RW-20 
OW 71 
RW 77 
RW 73 
RW-24 

Over-&l 

length 
11-7/16' 
9-5 /11" 
7-7 '16" 
'11' 

4-7 '16' 
215 '16' 

length of 
Style  tare"  Diameter 
RW 55 I 3 11"  '11" 
RW 56 5 11" 
"7-1 2 wore leads 

•Watts free air JAN Characteristic "F" or "6" 

1 Watts free air JAN Characteristic "G" 

19/32' 
19/32" 
19/32' 
19/32' 
29/3r 
29/32. 

1-5/16' 
1.5/16' 
1-5/16' 

Diameter 
29/32" 

29/32' 
1-5/16' 
I-5/16' 
1-5/16' 
;4'16' 
1-5 16' 
1-9 16' 

Diameter 

ckness 
of Core 
1 4' 
1 4' 
1 4. 
1 4' 
1/ 

'Watts 

10 
I7 
II 
30 
38 
60 
78 
110 
166 

Watts 
74 
32 
49 

/4 
100 
160 
135 
145 

WV, 
140 
110 
86 
SO 
40 
10 
It 

Watts 
IS 
22 
37 
47 
63 

tWatts 
• s 

10 

101 The Ohntite line of tab' 

terminal. ferrule-terminal, 
axial-terminal,and lint type re. 
Alston; that meet JAN-R-26A, 

Characteristics "G" and "J." 

ONMIITE 
JAN TYPE 
WIRE -WOUND 

RaddOeil 

... MEET REQUIREMENTS OF 

JOINT ARMY-NAVY SPECIFICATION JAN-R-26A 
(Amendment 3) 

Ohmite offers an unusually complete line of resistors that meet 
the most rigid requirements ( characteristics "G," "J," and "F") of 
Joint Army-Navy Specification J AN-R-26A. To meet these require-
ments, resistors must pass severe moisture resistance and thermal 
shock tests. They are required to withstand strenuous vibration 
applied for five continuous hours, and satisfy tbe requirements of 
many other tests. 

Of the 38 different resistor styles listed in JAN-R-26A, Ohmite 
offers 33 styles that meet these specifications, in a complete range 
of resistance values. 

OHMITE  MANUFACTURING  COMPANY 

4862 Flournoy Street, Chicago 44, Illinois 

Ee Re9At cite:a 

ocomnirE 
RHEOSTATS • RESISTORS • TAP SWITCHES 

 ̂



X b BAND 3/4 x V/2- No 

This New, 12-Page  g 
Microwave Components 

Data Book 

SEND FOR YOUR COPY 

Contains diagrams and tables of sizes and 

types—detailed Government specifications 

for rigid and flexible waveguides— 

manufacturing and testing operatiorr. 

If you're working on electronic contracts, this 

Handbook belongs on your desk. The coupon 

brings you as many copies as you need. 

100  
• •NA: 
.0 
• *00 

• .0“ 
II .0". 
000  

AND 6'/2 
t. B   3V4" W AVE:FL 

TITEFLEX, INC. 

511 Frelinghuysen Avenue 

Newark 5, N. .1. 

Please send me without cost  copies of your new 

Microwave Components Data Book. 

.000 

NAME   

TITLE   

FIRM   

ADDRESS 

CITY   ZONE  STATE 
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MANIA TUBE SOCKETS 
for Rugged Military Service • 

HIGH QUALITY SYLVANIA SOCKETS IMMEDIATELY AVAILABLE 

1 

JAN OCTAL TUBE SOCKETS 

Saddles of these sockets are 
nickel plated brass, either top or 
bottom mounted, with or with-
out ground lugs. Body and con-
tacts are of the same materials as 
the JAN miniature tube sockets. 
Contact tabs and saddle ground 
lugs are hot tin dipped. 

JAN 7- AND 9-PIN MINIATURE 

TUBE SOCKETS 

These sockets are available in 
grade L-4B or better ceramic, or 
type MFE low loss plastic. The 
contacts are either phosphor 
bronze or beryllium copper, sil-
ver plated. Contacts and center 
shield tab are hot tin dipped. 
Nickel plated brass shields 
equipped with sturdy springs 
are available for all 7- and 9-pin 
sockets. 

When you order Sylvania Tube Sockets you get 
the extra value of Sylvania's experience and 
know-how at no extra cost. Designed for maxi-
mum strength and optimum electrical properties, 
Sylvania Sockets assure high tube retention and 
tube pin contact even under severe vibration. 

BUTTON TYPE SUBMINIATURE (T3) 

TUBE SOCKETS 

These sockets are available for 
round 8-pin subminiature tube 
types. Insulation is type MFE 
low loss plastic and contacts are 
beryllium copper silver plated 
with gold flash covering. Con-
tacts especially designed for pos-
itive connection and high pin 
retention even after many inser-
tions. Sockets are of rugged con-
struction for long life. 

Highest quality is guaranteed by Sylvania's own 
exacting quality control. 
For full information on the complete line of 

Sylvania Tube Sockets write: Sylvania Electric 
Products Inc., Dept. A- 13 12 ,"arts Sales Division, 
Warren, Pa. 

mr- SYLVAN IA Ar 
RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; RICH! NIBS; PHOIOLAMPS; TELEVISION SETS 

56% 
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...to Engineers 
and Scientists 
You can now fill vital positions 
in our guided missile projects 

Chance Vought Aircraft, a supplier of high 

performance Navy aircraft for 35 years, is 

presently engaged in highly classified work 

on guided missiles under Navy contract. 

These missiles are in restricted production foi 

intensive experimental use. They are flying 

and their performance has been excellent. 

Engineering and scientific personnel with 

backgrounds in Aerodynamics or Electronics 

will find exceptional opportunities for em-

ployment on these interesting projects. Open-

ings are available to personnel with Ph.D. and 

M.S. degrees, or B.S. degrees with related 

missile experience. 

For further information write Engineering Per-

sonnel Section, Chance Vought Aircraft, 

P. 0. Box 5907, Dallas, Texas. 

  CHANCE   
SP 

  e rr    

CHANCE VOUGHT AIRCRAFT 
Division of United Aircraft Corporation 

DALLAS, TEXAS 

(V-E.12 
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N V11116-1/4 4ht.  

Write today for your 

New 
ACE SCREEN ROOM 

GUIDE 
This helpful booklet brings 

you the latest data on shielded en-
closure construction, selection and 

use. Prepared by Ace screen room spec-
ialists, it includes latest Ace design fea-

tures, an analysis of the factors influencing 
measurements of attenuation versus frequency, 

and suggestions for assuring maximum shielded 
enclosure efficiency. Ask for Ace Bulletin No. 3. 

h. 

ELIMINATE 
RADIO INTERFERENCE INFLUENCE 

in meeting JAN-I-225, MIL-I-6181, 16E4 (SHIPS) 

and other stringent specification requirements 

As long-time leaders in modern shielded enclosure 
development, Ace offers a complete range of "cell type" 
screen room shapes and sizes. Ace rooms are guaranteed 
to produce a minimum attenuation of 100 db from 0.15 
to 1000 mc., and to closely approach this attenuation at 
10,000 mc. Supplied in pre-built sectional form, they 
incorporate the latest developments in door design, 
line filters and service entrances. The list of Ace users 

includes top-ranking military and civilian equipment 
producers and laboratories throughout the world. 

Ilk ACE ENGINEERING and MACHINE CO., INC. 
Telephone REgent 9-1019 3644 North Lowrenc• St., PHILADELPHIA 40, PA 

• 
Kcnvon 
TRANSFORMERS 

4te• 
FOR STANDARD 
AND SPECIAL 
APPLICATIONS 

For more than 25 years, 

Kenyon has led the field in 

producing premium quality 

transformers. These rugged 

units are (1) engineered to 

specific requirements (2) 

manufactured  for long, 
trouble-free operation (3) meet 

all Army-Navy specifications. 

KENYON TRANSFORMERS FOR 

• J A N Applications 

• Radar 

• Broadcast 

• Atomic Energy Equipment 

• Special Machinery 

• Automatic Controls 

• Experimental Laboratories 

1R4 
lot dercul, 

KENYON TRANSFORMER CO., Inc. 

840 Barry Street, New York 59, N. Y. 
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WHEN HEWLETT-PACKARD engineers. designed the new -hp- Model 

624A SHF Test Set they sought a signal source of dependable 

uniformity, high stability under shock and temperature changes, 
and smooth, chatter-free tuning. To meet these needs, they 

selected the Varian V-50 reflex klystron. 

WHEREVER these characteristics are required in an x-band oscillator, 

the V-50 merits your consideration. For applications involving 

still greater shock and vibration, where single shaft tuning is 

not required, the extremely rugged V-51 may be more suitable. 

BOTH THESE VARIAN klystrons are notable for integral-resonator con-

struction; the exclusive Varian wideband mica-seal output win-

dow; extremely small space requirement; weight of only six 
ounces; power output, without special matching transformers, of 

25 to 65 milliwatts for the V-50, 75 to 260 mw for the V-51. 
Both bolt directly, without adapters, to standard inch-by-half-

inch x-band waveguide. 

YOUR MICROWAVE PROBLEMS may be solved by one of these x-band 

oscillators. Or, your requirements may be different. Many 

Varian klystrons, for many different types of services, are in 

production or development but cannot be publicized. Correspond-

ence is invited concerning klystrons for your specific needs. 

we V ARI A N associates 
990 VARIAN STREET  - SAN CARLOS 2, CALIFORNIA 

V ARW A N  
associates 

, v-50 
REFLEX 
KLYSTRON 

1 

8.5-10.0 kmc 

...smooth-tuning 
—no backlash 

...dependably uniform 

.temperature and 
shock-resistant 

.simple to install 

FIELD ENGINEERING 

REPRESE NTATIVES 

IN PRINCIPAL CITIES 
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CAUTION ON HIGH VOLTS 

0 

6000 
1200 

- -300 

— 60 

V OUT 
. —12  PUT 

For sercke, accuracy, highest dependability, buy 

1
Your dollar buys  
morerinstrunient" 
... in our Model 

130 
Voli-Ohm-Mil-Ammeter 

by R. L. Triplett 
PRESIDENT 

Because we build every major 
part of our instruments the quality is 
carefully controlled. For example, we 
know we have more torque driving 
our pointers because we designed and 
built the complete instrument. We 
know we have sustained dependence 
in the shafts and switch contacts of 
our test equipment for the same rea-
son. Cycle tests for switches exceed 
several times the rigid requirements 
of the armed forces. 

There is another important value 
to you. Because we make our own 
components we eliminate the profit 
another manufacturer would make in 
selling them to us. And this "profit" 
is passed on to you. 

Consider these features of Model 
630 V.O.M., for example— 

One Hand Operation—One 
switch with large recessed knob has a 
single position setting for each read-
ing. Leaves one hand free. Eliminates 
switching errors, trouble, saves time. 

Ranges—AC-DCVolts:3-12-60-
300-1200-6000 (AC, 5000 Ohms/Volt; 
DC. 20,000 Ohms/Volt). 60 Micro-
Amps. 1.2, 12, & 120 Mil Amps. DB 
scales at 1.73V on 500 Ohm line, 0-66 
DB output. 

Highest Oh m Reading—To 
100 Meg. in steps of 1000-10.000-
100,000 Ohms-100 Megohms. 

Yes, with us it's a matter of per-
sonal pride to make "Triplett" stand 
for better construction and more 
service for your test equipment dollar. 

PRESIDENT 
TRIPLETT ELECTRICAL INSTRUMENT CO. 

Bluffton, Ohio 

630 V.O. M. 
$39, v 

Triplett 
60A 
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WRITE FOR 

BULLETIN FC-5101 

APPLIcATION 
ENNA CORES  F TRANS-

OR MERS  PER MEABILITY 

UN1NG DEVICES  LO W-LOSS 

NDUCTORS  SATURABLE CORE 

EACTORS  HORIZONTAL 

• UTPUT TRANSFORMERS  DE-

LECTION YOKES  TELEPHONE 

LOADING COILS 

Be certain of top performance and an uninterrupted 
supply of deflection yokes and horizontal output trans-

formers by specifying Ferroxcube 3C, the nickel-free 

ferrite core material. 
Improved Ferroxcube 3C gives you these basic advan-

tages: 1. High saturation flux density. 2. High permea-

bility. 3. Improved temperature stability. 
The broad experience gained during 15 years of re-

search and manufacture since the initial development of 
Ferroxcube, can be helpful to you! Take advantage of our 
technical "know-how" in solving your own design prob-
lems. Ferroxcube engineers are always ready to assist 

you without obligation.  * * * * * * * * * 

FERROXC 
T H E  M O D E I.N  C 0 

UBE 
A T ER I A L 

FERROXCUBE CORPORATION OF AMERICA 
A Joint Affiliate of Philips Industries and Sprague Electric Co., Managed by Sprague 

50 East 41st Street • New York 17, New York . Factory: Saugerties, New York 



W H AT  AB O UT 

Temperature Coefficient 
IN PRECISION RESIST O RS 

62a 

Specify a precision resistor for electronic equip-
ment you are designing, and you frequently become 
involved in temperature coefficient. At this point, 
many engineers do not fully understand the tempera-
ture coefficient they select from a table. 

First of all, the temperature coefficient (T.C.) of a 
resistor is the variation in resistance (ohmic value) 
as the temperature changes. It is expressed as a 
change per degree Centigrade—either Per Cent, 
Parts/Million, or Ohms/Ohm. It should not be con-
fused with stability—the lack of resistance change 
at a given temperature after aging. temperature 
cycling, or overload testing. 

SPECIFIED T.C. CAN BE INACCURATE: Tempera-
t lire coefficient of a precision wire-wound resistor is 
dependent almost entirely upon the alloy of the w ire 
used. However, it is not necessarily the nominal 
value specified by the wire manufacturers for a par-
ticular alloy. Wire manufacturers cannot economi-
cally control T.C. within the close limits required by 
many of today's highly precise applications. T.C. of 
a given alloy and diameter may vary from spool to 
spool, and even within the same spool. 

The variation in T.C. is particularly great in the 
"E" alloys—commonly called "special low-T.C. 
wire." For example, Shallcross' laboratory tests have 

shown T.C. to vary from higher than ±.004%/°C. 
to lower than ±.001 %/°C. for resistors wound with 
"E" alloys nominally ± .002%1°C. 

THE ONLY W AY TO T.C. ACCURACY: Shallcross 
manufactures resistors wound sit!) all commonly 
used alloys made in the following degrees of T.C. 
quality: 

1. Resistors wound with a designated alloy and offering 
no guarantee of T.C. other than the limits established 
by the wire manufacturer. 

2. Resistors wound with wire from spools pre-tested 
and selected for T.C. Determination and recording of 
the T.C. of each spool of "E" alloy wire is part of the 
standard Shallcross inspection procedure. Selection 
assures only that the yield of resistors within specific 
T.C. limits will be high. It does not assure that all 
resistors wound with tested wire will be within the 
T.C. limits of selection. 

3. Resistors with a guaranteed T.C. over a given 
temperature range. Pre-selected wire is used to wind 
these resistors, readings are taken at several temper-
atures. and the T.C. is computed. Only individual 
resistors i.ithin the customer's specified T.C. limits 
are released. Although time-consuming, this is the 
only known %say to guarantee a particular tempera-
ture coefficient or, in the case of "E" wire, the much 
publicized range of ± .002 %/°C. 

Further details on T.C. and other resistor characteristics are available in Shallcross Bulletin R-3C. 

SHALLCROSS MANUFACTURING COMPANY  • 524 PUSEY AVENUE, COLLINGDALE, PA. 

The first of a aeries to promote a better understanding of the performance characteristics of precision wire-wound resistors. 
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MATCHED T.C. 

Shallcross regularly produces 
pairs of precision wire-wound 

resistors with closely matched 
temperature coefficients. Such 
pairs  may  be  matched  to 

within • .005 %! C. 

SELECTED T.C. 

Resistors may be made with 

practically any desired posi-
tive or negative temperature 
coefficient  bet ween 

—.002 %! C. and +.018 % “. 
A  specified  T.C.  may  be 
selected within 4-- .0005 %!" C. 

over a given temp. range. 

NE W INSTRU MENT 
RESIST OR 

This  Shallcross  Type  2455 

1- watt instru ment resistor 
measures 11/4 " L.x Vs" Die m. 
It is designed for decades and 

other applications requiring 
resistance values from 0.1 to 
1000 oh ms with close toler-

ances, low temperature rise, 

and low inductance. 
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RCA  kinescopes 

give you 8 plus features at no extra cost 
RCA-developed metal-shell kinescopes 
offer design engineers, manufacturers, 
and users of TV receivers, many impor-
tant advantages over all-glass types . . . 

II 

El 

El 

Reflection-free Faceplate,: Frosted sur-
face of faceplate prevents reflections of 
light sources and bright room objects at 
any angle to the tube. 

Superior Faceplate Quality: Metal-shell 
construction permits the use of high-
quality sheet glass made to RCA specifica-
tions. Its use results in greater freedom 
from imperfections, such as blisters, chill 
marks, shear marks, mold marks, and 
ripples. Faceplates of uniform thickness 
transmit the picture with uniform bright-
ness levels over the entire viewing area. 

Less Weight: RCA 21 metal-shell kine-
scopes weigh only about 18 pounds, a 
value approximately 12 pounds less than 

6 

comparable-size glass types. Hence, they 
are cheaper to ship, easier to handle 
during assembly and testing operations, 
and can be mounted with lighter support-
ing structures. 

Optically Superior: Relatively thin and 
flat spherical faceplate of uniform thick-
ness permits wide-angle viewing with 
minimum picture distortion. 

High Safety Factor: Inherent mechanical 
strength of metal-shell construction pro-
vides greater factor of safety in handling 
operations. 

Utilize Time -Tested Components: 21' 
metal-shell kinescopes permit the use of 
proven deflection circuits and available 
components to produce pictures having 
good corner focus and negligible pin 
cushion. No need to experiment with 
special components; volume production 
can be achieved with minimum delay. 

L., Volume Types: Because of RCA's vast 
g production experience, 2V metal-shell 

kinescopes offer a greater degree of de-
pendability and uniformity. 

Availability: M4nufacturing facilities in 
c, RCA plants insure continuous high-

s olume supply. 

For technical data or design assistance 
on RCA kinescopes or other types of 
tubes, write RCA. Commercial Engineer-
ing, Section LR 47,or contact your nearest 
RCA field office:— 

FIELD OFFICES: (East) Humboldt 5-3900, 415 
S. Sth St, Harrison, N. J. (Midwest) White-
hall 4-2900, 589 E. Illinois Sc., Chicago, Ill. 
(West) Madison 9-36 71, 420 S. San Pedro 
St., Los Angeles, Calif. 

RA DIO CORPORATIO N of A MERICA 
EL ECTR O N TUBES 

H A RRISO N, N. J. 
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Robert L. Sink 
DIRECTOR, 1952-1953 

Robert L. Sink, Pacific IRE Regional Director, 
was born in Terra Haute, Ind. He received the 
B.A. and E.E. degrees from Stanford University in 
1936 and 1939, respectively. 
After a short association with the Litton Engi-

neering Company and the Hewlett-Packard Com-
pany in California, Mr. Sink joined the General 
Electric Company in Schenectady, N. Y., in 1940, 
where he completed their courses in advanced 
engineering. His work at General Electric included 
the development and design of frequency-modu-
lated equipment used in police communications, 
entertainment broadcasts, and aural TV trans-
mitters, as well as the development and design of 
several types of airborne gun-laying radar systems. 
In 1945, Mr. Sink returned to the West Coast 

where he assumed his present position as chief 
electrical engineer for the Consolidated Engineer-
ing Corporation in Pasadena, Calif. 

At Consolidated Engineering, Mr. Sink has 
been closely allied with the development and de-
sign of numerous types of instruments, such as 
mass spectrometers, carrier amplifiers and oscilla-
tor power supplies, transducers, oscillographic re-
cording equipment, and data handling systems. 
Mr. Sink became a Student Member of the IRE 

in 1937, an Associate in 1941, and transferred to 
Senior Member in 1948. His many associations 
with Institute activities include his work with the 
IRE Western Conventions and Electronics Shows, 
Vice Chairman of the Los Angeles IRE Section in 
1949, and Chairman in 1950-1951. Recently, he 
proposed and participated in establishing the Pa-

cific IRE Region Electronic Achievement Award. 
Instrumental in the formation of the IRE Pro-

fessional Group on Electronic Computers, Mr. 
Sink is presently Vice Chairman. He also is the rep-
resentative for the 1953 Components Symposium. 
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Radio Unlimited 

SIR ERNEST T. FISK 

Vision, guided by knowledge and experience, is both inspiring and constructively crea-
tive. The following guest editorial, by a distinguished Fellow of the Institute, who was as 
well its Vice President and one of its Directors, is written in a farsighted vein and carries a 
message in which imagination and wisdom are judiciously blended. His thoughts and con-
clusions are accordingly commended to the readers of these PROCEEDINGS.— The Editor. 

It has been my privilege to witness and partici-
pate in the development of radio from its earliest 
days to the present time. From the days of the 
spark-coil transmitter and the coherer receiver up 
to television, with vhf and uhf, and television in 
color. Also to radar, telemetering, guided missiles, 
proximity fuses, and blind landing devices. 
I was fortunate to be associated with the 

Marchese Marconi in the development of world-
wide telecommunications, first through high-power 
long-wave stations and later through short-wave 
radio beams, including very high-speed morse 
telegraphy and radio telephone world-wide links. 
Rudyard Kipling in his poem "MacAndrew's 

I lymn" makes one of his characters say 'What I 
hae seen since steam began leaves me no doot 
about the machine but what about the man?' 
Every few years the science and technique of 

radio have broken into new ground and in every 
such case the new technological developments have 
become more complex. Even more noticeable has 
been the opening of more and more avenues in the 
radio spectrum with increasingly high frequencies. 
We are still some distance from direct generating 
of the visible frequencies and even the infrared. 
Who shall say that their elements will not be 
mastered some time in the future. 
It would be unwise for an engineer to expound 

speculative theories of development. Two things in 

my opinion stand out as fundamental in our field of 
radio. We deal with the electron which may be re-
garded as one of the fundamental elements in the 
structure of our material universe, and we also deal 
with periodicities which I have no doubt that most 
engineers and physicists regard as being among the 
fundamental phenomena of nature. I think it was 
Aristotle who was reported to have said "the uni-
verse is made up of number and motion." Number 
and motion are the essentials of periodicity. It, 
therefore, seems that the radio physicist and the 
radio engineer are prospecting on the edge of the 
infinite, and if they continue, they will probably 
unfold discoveries in the future far greater than 
anything we have yet known, even more spectacu-
lar and more beneficial than the parallel discoveries 
in nuclear fission. Alternatively, radio and nuclear 
physics may meet somewhere on their paths—we 
hope not at the destruction of our human civiliza-
tion, but at a place where men shall know the truth 
and the truth shall make them free. 
Radio saw its beginnings in providing for safety 

of life at sea, was late advanced to the field of 
international communication. and moved in other 
directions toward world-wide mass education and 
entertainment. It always has been and always 
will be a fascinating subject and a satisfying 
activity for all who are privileged to participate 

in it. 
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TT HAS OFTEN BEEN stated that the 
1 scientific and technical expert is not 
really concerned with the use to which 

his discoveries are put. In a sense this is true. 
Those of us who seek to extend human 
knowledge in any field must, I think, con-
tinue to regard all knowledge as good in it-
self, widening the horizons of truth and 
opening the door to new avenues of human 
mastery over the world we live in. 
Nevertheless, no scientist surely can be 

completely indifferent to the results of his 
work in the society in which he lives. We are 
all citizens and family men as well as physi-
cists or engineers. Apart from this general 
impossibility of being nothing but a special-
ist, there is the natural pride of the scientist 
or technician in seeing new scientific dis-
covery taking its place in the betterment of 
human life. 
Perhaps this new and immediate interest 

of the technologist in what happens to his 
work has been most dramatically shown in 
the field of nuclear physics where quite a 
number of scientists both here and abroad, 
have found their chair at the test tube 
rendered uncomfortable by the thought of 
what use was being made of atomic energy. 
Most atomic scientists have, I think, come 
to the conclusion that the possible misuse of 
the results of their work should not deter 
them in any way from pushing on with new 
discoveries. They feel that there is so much 
potential good for the human family in the 
employment of nuclear energy that even im-
mediate misuse by friend or foe cannot and 
should not inhibit further research. At the 
same time, scientists are far more interested 
today in the practical results of their work. 
The era of the bespectacled recluse seems to 
be over; instead, scientists are applying their 
knowledge to human affairs in such a way 
that the greatest personal satisfaction may 
be derived. 
This, I think, is equally true in the field 

of electronics, easily one of the most spec-
tacular of modern sciences. In effect, ad-
vances in this field, stripped of technical 
phraseology, have had the effect of increas-
ing out of all knowledge our human powers 
of communication and even of sight. The 
probing finger of radar stretches into the 
darkness of the night and across the expanse 
of the seas, to fill out the deficiencies of 
optics. More recently, in television, it seems 
that we are extending the range of the hu-
man eye to a degree previously unheard of. 
On the auditory side, it has become almost 
commonplace to remark that the range of 
our voices and our ears is limited by no dis-
tance within the compass of the globe we 
inhabit. 
All this can give us—and the electronic 

expert in particular—immense satisfaction, 
but I suggest that, as with nuclear physics, 
the interest of the scientist and technician 

• Decimal classification: R000 X507.2. Reprinted 
from the Proc.  IRE. Australia. vol. 12. pp. 220-
221. July. 1951. by the courtesy of the Proceedings of 
Ike Institution of Radio Engineers. Australia. 

Chairman. Australian Broadcasting Commis-
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Science and Society* 
R. J. F. BOYERt 

cannot wholly stop at this point. He is in-
tensely interested in seeing these new ex-
pansions of human power used in a way 
which give him satisfaction, the satisfaction 
of seeing beneficent advances in his own 
time. The real problem of the world today is 
how to use the sharp-edged tools which it 
possesses. Have we the wisdom and the 
moral insight to employ them in our genera-
tion in a way which will give us all real satis-
faction? What I would say on this subject, 
first, is this: that what the nuclear physicist 
and the electronic researcher have done for 
this generation is to expose its weaknesses. 
What, for example, have we done with inter-
national broadcasting other than to use it to 
reflect our international antipathies. Up to 
date, it is very doubtful whether the interna-
tional short-wave bands have carried more 
fraternal goodwill than mutual vituperation. 
I know of no field where science's first high 
hopes of uniting the people of the world and 
of modifying historic prejudices have fallen 
so short of fulfillment. And yet, the possi-
bility is still there, and little by little I feel 
sure that short-wave broadcasting will be-
come one of the major influences for a peace-
ful world. But here, as in nuclear physics 
our discoveries have so far served rather to 
further our shortcomings and enmities than 
to promote self betterment. 
The most pertinent—because the most 

recent—case in the subject we are discussing 
is, of course, television. Here is a medium 
which is not only fascinating as a miracle, 
but is obviously capable of brightening and 
enriching the lives of millions of people; yet 
it is having a very mixed reception, particu-
larly among people who are concerned with 
the moral and intellectual progress of hu-
manity. What is happening, of course, is 
simply that television is going through pre-
cisely the same stages as radio and nuclear 
energy. It is taken up by each community 
and used to further the ends which that 
community at that time considers the most 
important. In times of war they become 
weapons of war; in times of peace they re-
flect our values, material and spiritual. 
It is not surprising, therefore, that tele-

vision has proved to be self-revealing to any 
people which employs it. It holds the mirror 
in a most striking fashion to let us see what 
we really are and what our values are. Some 
of it is not pleasant simply because there are 
unpleasant aspects in our society and in our 
social and moral standards. On the other 
hand, it can and does hold up for public ap-
preciation and emulation the best that is in 
us. Again, it is very much like nuclear 
energy. If wrongly used, that force can come 
very close indeed to destroying everything, 
good and bad. If rightly used, it is perhaps 
the chief hope on the material side for the 
future of human civilization. 
That, as I see it, is the problem of the use 

of television, and indeed of any of the media 
made available by electronic scientists. It 
can spread and defy the evil that is in us to a 
point which may make us rue the day that 
this weapon was forged for our unworthy 

hands. Alternatively, it can become a major 
and even revolutionary influence towards 
filling out our lives with color and interest 
and informing our minds of wider areas of 
truth; but whichever way it goes, we in this 
generation—the scientist as much as the or-
dinary citizen—will be responsible. No one 
of us can contract out of the responsibility 
which has come to us through these new 
weapons. My personal fear is that each sec-
tion of the community may be content to 
shut itself up in its own particular specializa-
tion and allow this issue to go by default. I 
think it is right and proper that atomic sci-
entists should voice what they feel should be 
the laws and control the use of their dis-
covery. It is equally fitting that those en-
gaged in research of electronics or the manu-
facture of its equipment should take a more 
than usual interest in and responsibility for 
the highest employment of their science in 
human affairs. 
The problem of how best to use radio and 

television in the public interest is perhaps 
even more difficult and complicated than the 
technical perfection of the physical means 
employed for transmission and reception, 
and it is one in which we shall probably never 
reach complete finality and certainly not 
unanimity. This fact has been highlighted by 
the report this month of Lord Beveridge's 
committee on broadcasting and television in 
Britain, where the various lines of argument 
representative of all manner of British 
thought are well set out. Fundamentally, 
the problem of the best use of radio and tele-
vision derives from the fact that they im-
pinged so closely and immediately on our own 
life. The set is in the home, not in a public 
hall to which you may or may not feel in-
clined to go, and it is even different from a 
newspaper to which you either subscribe or 
do not subscribe according to your general 
estimate of its tone or readability. Television 
and radio are permanent members of the 
family, and there is nothing so touchy as 
having guests in your home who either irri-
tate or bore you. Consequently, reactions are 
sharp and even emotional to likes and dis-
likes and, of course, for very good reasons. 
On the radio receiver or the television screen 
there comes to us a continuous stream of all 
sorts of presentations, including news, poli-
tics, religion, music and entertainment. 
Here, however, is the nub of the matter: the 
choice of these things must be made by the 
program authority initiating the program. It 
is quite futile to write off the responsibility 
of determining television or radio programs 
as merely giving people what they want. In-
deed, we do not know what we want until 
we see or hear the fare provided and make 
our judgment. One can go further and say 
that we come to like what we are accustomed 
to having put before us. This is as true in art 
and radio as in the food we eat. The problem, 
therefore, remains primarily at the door of 
the broadcaster. He cannot blame the public 
if his matter is poor or damaging to public 
taste. He simply has to make the decision in 
the last resort. Nevertheless, public reactions 
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are of prime importance. No broadcasting 
institution can operate in an ivory tower, 
and the encouragement or lack of it from the 
community when efforts are being made to 
use the medium for the highest purposes 
daily affects decisions of program makers. 
It is here that community responsibility 

becomes obvious. If the better things are ig-
nored and are given no encouragement, they 
will tend to lose in favor of less worthy ma-

terial. If any citizen feels that these new 
media are not operating in the best interests 
of the community, it is his duty to become 
vocal about it. If the reverse is true, he 
should support the new media with his en-
couragement. Indeed, it is the community 
ultimately which determines the final fate of 
the electronic media as public services. We, 
as citizens, determine the general national 
policy through our elected representatives, 

C O 

and we can depress or elevate its day-to-
day use in our lives. It is in the exercise of 
these ordinary citizen privileges that, I 
would suggest, the electronic scientist and 
engineer has a more than ordinary interest 
and responsibility. It is his skill which has 
brought this power into being, and it is 
surely of great concern that the child of his 
brain should grow into worthy and honored 
manhood. 

A Profile of the Man in Industrial Research* 
ELMER W. ENGSTROMt, FELLOW, IRE AND ELIZABETH H. ALEXANDERt 

Summary—In order to recruit and cultivate the scientific talent 
which is needed for industrial research today, it is necessary to know 
something about the requirements for a good research man and also 
something about the character and motivation of the individual man 
now engaged in research. A number of desirable characteristics for 
the research man are described. The result of an informal survey 
taken at RCA Laboratories indicates that creativenecs, training in the 
fundamentals of science, and integrity of character are the prime 
requirements. Among the most important sources of motivation for a 
man in research are his intellectual curiosity and the satisfaction of 
his ego. A discussion of the place of financial incentive in the re-
search man's motivation is included. The types of team relationships 

in the daily work life of research men are also discussed. 

INTRODUCTION 

T
HE UPPERMOST PROBLEM of the research 
profession today is not so much one of selling re-
search to industry, to the government, or to the 

public. It is rather the problem of recruiting and culti-
vating scientific talent. The need for such talent has 
greatly exceeded the number of research scientists now 
available. 
Today, forward-looking industries are fully aware of 

the possibilities of research. They are investing more 
and more in research. They are teaming up business 
administrative planning with research and they are do-
ing all of this because they are convinced that research 
is necessary for long-term benefits. 
On the other hand, we have talked and heard much 

recently about the great shortage of engineering and 
scientific talent. Yet America does have a large reservoir 
of scientific talent. It is not of course unlimited, but it 
is there. Our problem, that of the research profession, is 
one of recruitment, of stimulation and encouragement. 
Do we know what to look for as we recruit men for re-
search? How can we make the best use of the people 
now engaged in research? 
We would gain insight into this problem if we had a 

better understanding of the kind of men needed for in-

* Decimal classification: R070. Original manuscript received by 
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dustrial research and of the character and motivation of 
the individual man now engaged in research. 
In order to gain a broader and more objective view 

of this question, an informal survey was made among 
our associates at RCA Laboratories. We discussed in-
dustry's requirements for the research worker and we 
also discussed the character and motivation, as we un-
derstand it, of the individual man in research. Much of 
what follows is a synthesis of our associates' views and 
conclusions and to this have been added opinions based 
on the experience of one of the authors. 
It is obvious that it is not possible to draw one profile, 

an absolute standard for the man in industrial research 
—that is, neither an ideal profile of the researcher as 
we should like to have him nor one which would be true 
to the actual man as we know him in the industrial re-
search laboratory. This is fortunate, for even in the case 
of the ideal research man, the requirements will vary for 
different units of industry, will vary for the differing 
outlooks toward research and will vary depending upon 
the particular persons administering the research. It is 
also obvious that as we look at research men as people, 
as we examine their personal likes and dislikes, as we 
take into account their individual and collective char-
acteristics, many variations are to be found—as many 
as there are individual research workers. Nevertheless, 
in the analysis of the research worker undertaken in our 
survey, a pattern of the nature of the research man 
seemed to develop; it is this pattern we shall examine. 

INDUSTRY'S REQUIREMENTS FOR THE RESEARCH 
WORKER 

First of all, what does industry look for as it recruits 
men to carry on its research program? What are the re-
quirements for a successful industrial research worker? 

1. Creativeness 

There was general agreement among all the groups 
interviewed that the quality of creativeness must be 
placed at the top of the list. 
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Creation of new understandings, new principles, new 
products, and new services is research. Creativeness on 
the part of research workers is the first basic require-
ment. Members of research staffs are not equally 
creative. In fact, a staff of all highly creative members 
would be unmanageable. A staff of essentially non-
creative members would be sterile. An effective staff is 
one where all members respond to originality, where all 
have some degree of originality and where a portion are 
highly creative. 
Creativeness does not respond to attempts at defini-

tion or specification for an individual during pre-em-
ployment interviews. Creativeness in an applicant is 
something about which one learns by observation in 
watching him practice life itself and especially in a re-
search environment. 
For gauging creativeness there are opinions and con-

victions on the part of those who conduct interviews for 
employment. However, our experienced interviewers do 
not feel that they can estimate creative ability with any 
practical degree of accuracy in an interview. In general, 
the interviewers recommend employment if the young 
man shows good reasoning ability and a good grasp of 
fundamentals, almost regardless of other desirable quali-
ties which they feel he may lack. Interview reports on 
those offered employment frequently contain such 
phrases as "very intelligent," "follows through on new 
problem," "capable of original thinking," "clear thinker," 
"sharp," and "good approach to unfamiliar problems." 
These are usually coupled with "good basic knowledge 
of physics," "well grounded in basics," and "answered 
technical questions well." Some who had creative quali-
ties were approved for employment even when such 
comments were made as: "less aggressive than some I 
have talked with," "too theoretical approach to prob-
lems," "personality and reliability an unknown quan-
tity," "superficial outlook," and "somewhat lacking in 
drive." 

The interviewers are evidently concerned about crea-
tive ability or promise of creativeness, although they 
make few positive statements in their interview reports 
regarding this important characteristic. It seems that 
the emphasis on the ability to reason clearly from funda-
mentals stems partly from a belief that persons who 
cannot do so are not very likely to be creative in re-
search. Similarly, some of the concern of our interview-
ers for broad knowledge and interest is, it seems, due 
considerably to the relationship of these characteristics 
to imagination, drive to learn or investigate, and so to 
creativeness. 
All this is important because research thrives if the 

organization recruits creative members for its staff and 
the research man prospers if he possesses it. The research 
administrator needs to know the man's promise of 
creativeness and the prospective research man should, 
for his own good, desire to know the degree to which he 
can be creative. 

Therefore, industry expects its research workers to 
possess originality and, even if in varying degrees, to 

possess creativeness. 

2. Training 

Training in the fundamentals of the sciences is second 
to creativity as a requirement for the research worker. 
We placed scientific training second because unless the 
person possesses the proper creative mental traits just 
described, all other assets, including good scientific 
training, become meaningless. 
Specific knowledge and training are valued but are 

definitely secondary to understanding of the funda-
mentals of mathematics, physics, chemistry, or en-
gineering. Creative ability must be backed by funda-
mental knowledge and specific skills if the research 
worker's creation is to mature into useful form. Just as 
all research workers do not possess equal creative tal-
ents, so training to a standardized degree is in no wise 
a requirement. It is usual for candidates for research 
positions to acquire or to desire university training at 
graduate level. This graduate preparation is of value tef 
industry not only because of the additional training 
and knowledge acquired by the individual but because 
it adds another stage to the selection process in estab-
lishing that a particular person is interested in and 
suited for research. 
The educational process, the acquiring of knowledge, 

the development of skills should never diminish nor 
cease for the research worker. The research process is 
itself subject to the same obsolescence it brings to the 
objects of its research. The research worker, therefore, 
must continue to be a scholar of science. 
Knowledge gained in the university can be looked 

upon as a set of tools. :XII agree that certain basic tools 
are needed. The essential thing is the ability to put the 
tools to use and to accumulate supplementary tools as 
one goes along.. 

Thus, the proper training in basic scientific funda- . 
mentals plus the "know-how" in using these tools is 
the second important asset which industry expects of 
the research worker. 

Therefore, industry expects its workers to continue to 
improve their knowledge and skills throughout their re-
search careers. 

3. Character 

When these criteria were first set down, character 
was placed as the first item. While it is still considered 
the basic requirement, it must for practical reasons 
follow creativeness and training in an orderly recitation 
of requirements. The criterion of character is often not 
given appropriate consideration by younger research 
workers nor do they appreciate the importance attached 
to this characteristic by research administrators. Per-
haps research administrators themselves have not ade-
quately evaluated the importance of character. Whether 
expressed or not, character really is a prime require-
ment. Integrity of purpose in research is vital. Research 
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deals with nature. Nature is a cruel and exacting task-
master when it comes to technical or scientific ac-
curacy and honesty. Reliability in prosecuting a work 
program is rarer than one might think and is richly 
rewarded. 
Therefore, industry expects its research workers to be 

reliable and of good character. 

4. Vision 

The research man must also have imagination and 
vision. He needs the ability to visualize the possible 
results of an investigation. He can see the application 
of a technique before its development is complete. Cre-
ativeness coupled with vision to give the creation objec-
tivity makes for the great in research. 

5. Energy—Drive 

Under this heading we include several characteristics 
which directly or indirectly affect the intensity of the 
prosecution of research work. Having the creative in-
sight, one must then look to the characteristic of 
initiative to get underway. Once underway, one thinks 
of enthusiasm to support the drive for progress. One 
thinks of courage to take large steps in the territory of 
the unknown. One thinks of perseverance as the going 
becomes difficult and discouraging. One thinks of deter-
mination to overcome the hurdles or obstacles along 
the way. One also thinks of persuasiveness in dealings 
with assistants, associates, and superiors. These all 
represent manifestations of energy and intensity of 
drive. They represent, assuming other abilities, the 
potentials for depth of progress into the new. They re-
duce the speculation in research by insistence upon posi-
tive and useful results. 
Industry expects research workers to be energetic 

and to have drive in the conduct of research. 

6. Scientific Inquisitiveness 

Research workers having records rich in new ideas 
are persistent in expressing scientific curiosity or in-
quisitiveness. They have a continuing and almost un-
quenchable thirst to understand old and new situations 
and to relate these to other situations. Progress seems 
to be made in an atmosphere of discontent with the 
current order of things accompanied by a drive toward 
improvement and enhancement. This goes on with an 
outlook which is so searching as to give minute coverage. 
Therefore, industry expects its research workers to be 

scientifically inquisitive in fields assigned and for objec-
tives established for the research programs. 

7. Practical Outlook 

Industrial research is done for the benefit of the or-
ganization engaging in the work. To be of greatest bene-
fit, the research results must be based upon a work 
program having a practical outlook. Not all research 
results are positive. Many results are of only nominal 
worth but a well-executed program should provide some 

returns rich in current and potential value. Such re-
search can best be done in an atmosphere of common 
sense. Research is sometimes thought of in lay circles 
as an ivory-tower enterprise. This is certainly an out-
moded if not an erroneous impression. Just as in all 
other matters, research results are enhanced by com-
mon sense objectives and work prosecution. 
A practical outlook develops with training and en-

vironment. This, therefore, should be the subject of 
constructive action while the prospective research 
worker is still in the educational institution. The edu-
cational institution should be certain that its staff 
members are equipped to build by example from their 
experience. The new research worker in industry should 
be given early indoctrination as to these values and 
he should respond to this through development. 
Therefore, industry expects its research workers to 

have and to develop a practical outlook—a common 
sense approach to their work. 

8. Attitudes 

The characteristic of attitude makes itself felt from 
the time of the pre-employment interview and con-
tinues as long as employment lasts. For the prospective 
research worker the initial approach is important— 
does he show interest, does he indicate willingness to 
work and prove his value, does he give the feeling of 
being suited for research? These same characteristics 
become more important in a practical sense as the 
research worker faces his first, second, and succeeding 
tasks. Then, too, begins his record of attitudes and ap-
proaches in dealing with associates and superiors. 
The complexity of modern research demands that the 

work be performed by a team. This necessitates a bal-
ance between personal ambition and an understanding 
of the rights and proper objectives of one's associates. 
It also implies an interest in the function of the labora-
tory as a whole, which will generate ideas for other 
groups as well as for one's own, together with an under-
standing of the place of one project in the entire group 
activity. A research organization can tolerate a few 
self-centered, temperamental, individual workers, but 
if the group is to thrive, nearly all its members must be 
co-operative, able to get along with each other, and 
imbued with the spirit of team play. 
Therefore, industry expects its research workers to 

have wholesome attitudes toward their work and to-
ward the persons with whom they come in contact, 
and to understand and to practice co-operation. 

9. Research Environment 

Organizations with research groups having an estab-
lished record of fruitful results have also developed an 
understanding of research and of the research staff. 
Those organizations, in the administration of research, 
are tolerant of the new staff members during the start-
ing period. They understand the speculative nature of 
research. They appreciate the need for and the desire 
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of the research worker to renew and keep up-to-date 
his knowledge and training by study and outside con-
tacts. 

The research worker is, as a result, in an atmosphere 
having certain freedoms regarding the use of his time. 
Direction of his work may be more by suggestion than 
by specification. This is purposeful, for experience indi-
cates that in such environment, research thrives. Under-
standing and respect is required from the research 
worker in order that these freedoms and tolerances be 
put to the uses intended. 

Therefore, industry expects its research workers to 
make appropriate use of the freedoms of the research 
environment. • 

10. Mental Youth 

While the evidence is by no means conclusive, there 
are indications and experiences to show that the most 
revolutionary creative thoughts have come to a few 
research workers during their first decade of work. For 
the average research worker, it seems that his best 
original and creative work comes before the close of the 
second decade. Again for the average, probably his best 
balanced effort of original work tempered by experience 
is likely to occur during the second and third decades. 
Once again for the average, it seems that beyond the 
third decade the qualities of judgment, leadership, and 
training of younger staff members are the strong char-
acteristics. For some, however, the averages do not 
apply—they go through their entire career with crea-
tiveness undiminished. 

Here we are in a field of the relatively unknown. We 
have too few facts and no current knowledge that we 
possess controls so far as the individual is concerned. 
What we seem to require is a continual intake of young 
research workers and an understanding of how best to 
use those of advancing age. 
Therefore, industry expects to continually freshen its 

research staff by adding young members and hopes for 
a share of research workers who have continuing mental 
youth. 

11. Other Desirable Qualities 

a. Salesmanship. Industry also expects its research 
workers to be salesmen. The research worker must be 
able, first of all, to sell his ideas for a research project to 
the director before work on the project begins. After fin-
ishing the job, he must also be able to sell the completed 
project to those in charge of commercial activities. 
b. Manual Dexterity. A degree of manual dexterity is 

also of considerable value in today's research. Since a 
large part of modern research is accomplished by ex-
perimental rather than theoretical techniques, the re-
search worker who is adept with his hands can quickly 
transfer his ideas into successful practical experi-
mentation. 
c. Ability to Speak and Write Clear English. The ability 

to express oneself well in speech and writing also 
cannot be overlooked since the results of research are 
primarily transmitted by means of clear reports. The 
research worker who lacks a good command of the 
English language has a severe handicap because he 
is unable to communicate the results of his research 
satisfactorily to those who could make good use of it. 

12. Summary 

Thus, if industrial laboratories could choose, they 
would pick for their research teams men who are crea-
tive and well trained in the fundamentals of science. 
They would choose men of good character, men of 
vision, of energy and drive. They look for men who 
have scientific curiosity but who have at the same time a 
practical outlook; men who practice co-operation and 
can make use of the freedoms of the research environ-
ment. They hope for research workers with continuing 
mental youth. Industrial laboratories also value le-
search workers who can express themselves in speech 
and writing, who are adept with their hands, and who 
are good salesmen of research ideas. 
Of course, we do not always weigh the qualities de-

sired in the same order when research qualifications are 
discussed generally as when we are considering a person 
with reference to a particular job. In other words, we 
do not want exactly the same type of person to fill all of 
the industrial research jobs. Because of the nature of the 
job, any one or two qualities just discussed may be re-
quired to a greater degree than the others. Proper bal-
ance of men with varied characteristics is the secret of 
an able research team. 

THE RESEARCH MAN, A HUMAN BEING 

I. Motivation 

Any list of desirable qualifications for men in research, 
stated in general terms, runs the risk of being utopian 
and over-idealized. It is, without doubt, necessary to 
have an understanding of the essential qualifications 
which make for the successful researcher. But it is not 
enough. We also need to know concretely the actual 
men in research. We need to know the makeup of the 
researcher, how he is motivated, what factors draw him 
into research as a career and what keeps him satisfied 
year after year. 

In short, taking the research man as he is—not as we 
would like to have him—we need to know something 
about his thinking, about his desires and needs as a 
human being. Then with these facts in mind, we can 
discuss how he will fit into the modern research team 
and what we can expect of him as a member. 
Although there was a wide difference of opinion re-

garding the characteristics of a research man, our asso-
ciates seemed to agree fairly well on his motives. 
a. Intellectual Curiosity. At the top of the list of mo-

tives everyone placed intellectual curiosity. The urge to 
investigate and explore is the mainspring of the re-
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search man. This curiosity is a cumulative process. 
Satisfying yesterday's curiosity stimulates more curi-
osity for tomorrow, and so on into the future. As we 
said earlier, progress seems to be made in an atmosphere 
of discontent with the current order of things, and re-
inforcing this discontent is a drive to change and to 
improve. 
When does this intellectual curiosity—this urge to in-

vestigate—first begin to show itself? There seems to be 
good evidence that it begins in childhood or early 
adolescence. Little by little, the scientist-to-be ac-
cumulates a large store of knowledge through his inter-
est in scientific phenomena and his scientific observa-
tions. By the time he reaches high-school or college age, 
many of the "building blocks" which go to make up the 
research man are there. Because of the great store of 
knowledge built up subconsciously, he is able even at 
that age to reject almost automatically many alterna-
tives in his scientific problems. He finds that he excels 
in school as soon as he begins to take courses in science. 
He finds a joy in learning that he has never experienced 
before. The subject matter becomes of compelling inter-
est and his curiosity grows under the stimulation of 
scientific education. Sooner or later, he becomes almost 
like a religious person—such is his burning desire to 
explore beyond the obvious and the known. 
Not all research workers have the same degree of 

intellectual curiosity. Because the opportunities and 
facilities of research are so well advertised today, some 
young men drift into research. They find it a pleasant, 
comfortable, and socially acceptable way to spend their 
lives. They drift into research, just as they drift to col-
lege because it is "the thing to do." Naturally, this 
kind of worker is not nearly so productive as the one 
with strong motivation. It is, therefore, necessary to 
distinguish the real researcher from those who simply 
respond to attractive opportunities. 
b. Will to Create. Another very important motivation 

for the good research man is the will to create. Most 
scientists take pleasure in creating something new. 
There are many in research who would pursue their 
investigations for their own personal satisfaction—re-
gardless of papers presented, credit given, patents 
granted, financial rewards, or other types of recognition. 
This is fortunate. For as we know from experience, 

public recognition of research comes slowly. Quite often 
the work of a research man is not recognized by the 
public for a long time. And by the time it is, he may 
have lost all identity with the product or the service as 
it finally appears on the market. On the other hand, the 
research worker does crave recognition from those with 
whom he works and eventually by those in his scien-
tific field throughout the world. 
Some say that the satisfaction that the research 

worker gets in his creating is a satisfaction of his ego. 
There is evidence that the scientist has a strong ego. 
It may be the same kind of ego that is satisfied by a 
man taking up a hobby. He enjoys demonstrating ex 

cellence, even if only to himself. 
showing himself what he can do. 
c. Financial Incentive. How strong is the motive of 

financial reward? Does the dedicated life of the research 
scientist mean he is not interested in money? Certainly 
not! But it does seem clear that financial incentive is 
not all-important—if he has the facilities and opportuni-
ties to satisfy his curiosity, and if he is recognized for his 

contributions. 
This does not mean, however, that the research worker 

disregards financial compensation. Neither does it mean 
that he disregards the dollar as a measure of success. 
But it does mean that the average research worker is not 
a fortune seeker, nor is he envious of those with large 
personal fortunes. 
On the other hand, research men do want to be com-

fortably well off. And there is a compensation level 
which is necessary to satisfy the research man's stand-
ard of living. Because a research worker is apt to have 
intellectual and cultural interests, he does require a sub-
stantial financial return. 
While a research man is not by nature a fortune 

seeker, he should be properly compensated for his crea-
tions. This is particularly so where his creations add to 
the position of the group which he serves. There is no 
doubt that in the present day, the research man finds 
himself in a dilemma where money is concerned. Scar-
city of supply and competition have brought about up-
ward revisions and corrections for those just starting 
and for those on the bottom rungs of the ladder. Like 
others in salaried professional and business pursuits, the 
average research man has been caught in the press of 

inflation. 
Beginnings have been made to evaluate a research 

man's performance in comparison with other producers 
whose output may be more readily measured. Experi-
ence is accumulating on incentive awards to research 
men for their outstanding creations and performances. 
These awards are tokens to indicate appreciation and to 
add to income. It is important that all this be continued. 
It is important too that magnitudes should not be con-
fused and limited because of current inflation spiral. 
d. The Role of the Wife in the Research Man's Motiva-

tion. We should note that very often the research man's 
wife is much more apt to become concerned with recog-
nition for her husband than he is himself. Part of this 
may be true respect for his ability and performance. Part 
of this may be due to ambitions of "more than" keeping 
up with the Joneses. Someone has said that it might be 
more effective to give to the wife the prizes, the awards, 
the recognition, the compensations, the titles, than to 
her scientist husband. No matter what the source of the 
wife's ambitions, they are a real factor in the happiness 
and performance of the research man. Thus, they be-
come another element in the research environment. 
e. Idealism. If a research worker is not strongly moti-

vated by financial desire, is he on the other hand a 
- strong idealist? Here the evidence is not too clear. It is 

He takes pride in 
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true that some enter the field of research with a vision 
of the opportunities for benefiting mankind. On the 
other hand, many others see in a research career an oc-
cupation no more worthwhile than many other profes-
sions—but one to which they are well fitted by their 
particular abilities. 

Sooner or later, the idealist may come to see that a 
scientific discovery is not of itself good or bad. It is 
neither moral nor immoral—but rather amoral. The 
true scientist will reach out to discover the unknown re-
gardless of the consequences to humanity and regardless 
of moral implications. But this leads some into a di-
lemma. Cases in point developed during the war period 
when research men were "brought-up short" in contem-
plating the death-producing instrumentalities they were 
creating. A more current case in point are those atomic 
scientists who are unable to reconcile themselves mor-
ally to the new order they helped to create. 

2. Personal Characteristics 

Most of those questioned in the survey believe that, 
as far as human characteristics or personality traits are 
concerned, the research man shows as much variation 
as a cross section of any other group of human beings. 
Nevertheless, they believe that he does have a certain 
tendency to a few particular personal characteristics. 
For one thing, we often find that the research man is 

essentially an individualist. He usually has strong opin-
ions. He may object to being told what to do or how to 
do it. On the other hand, he is also apt to be tolerant 
even if to a limited extent. He has proved himself wrong 
just as often as right. Consequently, he does not insist 
that his way of thinking is the only way 
The research man is sometimes apt to be introverted 

rather than outgoing in personality. He may not start 
out this way, but his single-minded interest in research 
may make him so. 

The research worker is also a straight thinker or logi-
cal-minded. He is able to reason objectively, particu-
larly in matters of scientific research. He proceeds from 
a premise to a conclusion, and he will not be persuaded 
of the truth of a certain scientific theory until he is able 
to prove it by logical processes. 

THE BEST USE OF THE RESEARCH MAN 

The purpose of this investigation into the require-
ments for the research worker and into his motivations 
and characteristics was to give us a basis on which to 
answer the question: How can industry make the best 
use of people now engaged in research, and how can they 
be integrated into the modern research team? 

I. The Research Man Working Alone 

There is, of course, the case of the scientist who must 
work alone. Some research workers are "lone wolves" by 
nature. Their habits and methods make it difficult for 
them to think or work in co-operation with others. Oth-
ers are such extreme individualists that they will not 

tolerate being told what to do—nor will they submit to 
the mildest forms of control. 
Then, there arc those research workers whose pride 

and ego have made them completely self-centered. So 
much so that they will push everything out of the way 
which may interfere with their own work. These are the 
people who often become the "credit grabbers." 
Finally, there are those who are emotionally imma-

ture. This emotional immaturity may be manifested in 
many ways, including the behavior of the previous three 
types of people. Particularly, it is also found in the kind 
of person who is unable to accept constructive criticism. 
Many of the research scientists who fall into these 

categories may also be outstanding technically. So, we 
have the very real problem of making the best use of 
their talents, but at the same time preventing their per-
sonalities from disrupting the rest of the team. In the 
final analysis we must look at their contributions from a 
long-range point of view. We cannot always count on 
them for a specific contribution at a particular time. The 
research administrator must weigh the long-range tech-
nical contributions of such men against the problem 
they cause as members of a team. 

2. The Research Man as a Member of a Team 

We are all, of course, aware of the change that has 
taken place in the methods of research over the last few 

decades—a shift from individual effort to teamwork. 
This has been made necessary by the tremendous com-
plexity of the problems attacked. In organizing the re-
search team, our objective is a group which is produc-
tive, and which, at the same time, satisfies the research 
man's strong motivation. In fact, we cannot gain the 
first objective without satisfying the second. 
First, the team must be constituted so that its mem-

bers work smoothly together. Secondly, the team must 
be organized so that there are proper co-operation and 
understanding between the research workers and the 
non-technical service personnel. And, thirdly, there 
must be co-operation between the members of the team 
and the development and production engineers who 
must carry their ideas into commercial production. 

3. Team Relationships 

Despite the fact that the research man is apt to be a 
strong individualist with a dominant ego, we have had 
less trouble in forming and maintaining harmonious 
team relationships than one would have thought. One 
of the reasons for this may be that the problem of human 
relations among research people is simplified by their 
common focus on the task at hand, which is concerned 
with the properties of matter rather than human per-
sonalities. 

What then are some of the methods which the re-
search administrator can use to mold his team into a 
cohesive, effective working force—bearing in mind that 
it is made up of many different personalities? 
First, there is the matter of communication and guid-

ance. The supervisor must always be sure that the tech-
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nical problem is completely understood by the research 
worker. The supervisor must also know how far to go 
in giving guidance. He must know how far to go in 
making suggestions to each of the individuals on his 
team, without compromising their freedom and their 

initiative. 
Insofar as it is practical, the principle of self-starting 

should be encouraged in research. Administration should 
seek to have concepts and plans stem from the lowest 
possible organization level. Then the programs become 
self-made in the team—pride of authorship adds to the 
external desires for progress and answers. 
The supervisor must also be sure that he places the 

research worker in the right job. He must realize that a 
man who is not productive in one field is not necessarily 
unproductive in all fields. Thus, the supervisor must 
help the research man find the place which best utilizes 
his training and ability. He must also find the place 
where the man who has passed his most productive 
years can contribute the most. 
The supervisor must also strive to overcome boredom 

or staleness in the members of his team. All research 
projects have long periods of routine work with no 
guarantee that the problem will be solved. The good 
supervisor must be able to encourage and inspire his 
team at such difficult periods. 
The supervisor must also know how to give a feeling 

of recognition to the individual members of his team. 
One of the most important forms of recognition a super-
visor can give is that of listening to the ideas of his re-
search workers. This is both the act of listening and 
how he listens, so as to inspire confidence. Even if the 
research worker has discovered that something will not 
work, he should be recognized for this type of discovery. 
For outstanding contributions, special financial 

awards may prove of value, but they must be wisely 
administered. The disappointment of those who do not 
receive awards must not outweigh the encouragement 

it gives to others. 
Probably in the final analysis the reader will agree 

that these precepts for the effective management of a 
research team would hold true in the management of 
any sort of creative group. No creative person can work 
in a vacuum, or in the improper job, or when he is over-
come by boredom. 

4. Research Man's Relationship to Nontechnical Service 

Personnel 

So far, we have been speaking strictly of relationships 
among the individual members of a research team. We 
must also consider the relationship of the team to the 
nontechnical service personnel in the laboratory, and to 
the production and development engineers who will take 
over a laboratory product and turn it into a commercial 
reality. 
A laboratory services staff is an important cog in any 

smoothly functioning modern laboratory. This is formed 
of the people who must make the drawings and models, 
keep the libraries functioning, and the accounts straight. 

The group interviewed reported that they have found 
little or no friction between the scientist and the non-
technical worker. There seem to be just as many prima 
donnas among skilled craftsmen as among technical re-
search scientists, but mutual respect seems to govern the 
relations between these groups. 

5. Research Man's Relationship to Development and Pro-

duction Engineers 
The relationship between the research scientist and 

the production and development engineer is one of great 
importance. The key to a good relationship between 
them lies in an understanding of the basic differences in 

their objectives. 
The research scientist is a man of ideas. He is seeking 

basic knowledge, new approaches to old principles, and 
new principles on which to base new products and new 
services. The production, or development engineer, is 
concerned with making a commercial product which 
will sell or serve well and make a profit. The develop-
ment engineer is more concerned with the how than the 

why. 
Now, it is obvious that a research scientist cannot be 

an expert on all the commercial aspects of a new devel-
opment, and at the same time, be a productive source of 
new ideas. Because of this, the research man often finds 
it difficult to Understand why the laboratory model he 
presents to the manufacturer cannot be made commer-
cially at once—or why the model he submits bears little 
resemblance to the actual product as it finally appears 
on the market. So much background is necessary to un-
derstand all the elements involved in commercial pro-
duction, that the research man should confine himself 
to basic ideas and principles, leaving the problem of 
commercial production to others. It is in this transition 
stage that problems arise, problems in the human ele-
ments of the research and production teams. 
Even so—and although the research scientist may not 

understand the problems involved in commercial pro-
duction, he may often have much better vision and 
imagination than the man closer to the immediate prob-
lem of profit-making sales next year. He can see how the 
new product he has devised will perform a new and use-
ful service, while the newness of the idea causes it to be 
accepted reluctantly by the production engineer who 
only sees the difficulties of its introduction. It is at this 
point that the research scientist must be a good sales-
man, must understand the psychology of the commer-
cial people, and must try to transfer his enthusiasm to 
them. Support from management at this stage means a 
great deal to the man in the laboratory. 
In RCA, for example, most research projects under-

taken are a joint effort—that is, they are a joint effort 
between the research man and the development engi-
neer once the fundamental ideas and principles have 
been developed by the research workers. The transition 
from research to development is usually a gradual one. 
In fact, our manufacturing engineers say that when a 
research man presents what he calls a "completed prod-



1644  PROCEEDINGS OF THE I.R.E. December 

uct" to the manufacturing division, it is then that prob-
lems between people are most likely to arise. 
Ideally, it is desirable for the development engineer 

to know what the research worker is doing in his particu-
lar field, even when he cannot see how the idea can be 
used commercially at the time. In other words, there 
should be a gradual exchange of ideas between the re-
search laboratory and the production department. 
Then, when a particular project is submitted to devel-
opment engineers, they have the research background 
for it—and the research man is in a position to continue 
giving valuable consulting assistance. There may at 
times be conflicts caused by the differing objectives of 
research and development people. But these apparent 
conflicts are more often than not a good thing. They 
bring about an open discussion of various points of view 
and act as a spur to each group for greater accomplish-
ment. Good results are almost always obtained when 
research and development engineers work together dur-
ing the transition period. 

CONCLUSION 

We have already said that it is not possible to draw 
one profile or standard for the man in research—that 

this "standard member-of-staff" should in fact be 
avoided. It would be a matter for concern if we should 
consider setting up standardized criteria and if we 
should begin to apply these rigorously in employing 
members of a research staff. Research thrives on fresh-. 
MSS of viewpoint and differences of approach to the 
solution of problems. This we achieve by varying en-
vironments of training, by differences in prominence of 
the several characteristics we have been discussing, and 
by a continual flow of persons new from the disciplines 
of educational training. 
Our great problem today is the proper cultivation and 

exploitation of the nation's intellectual resources. We 
must learn to make the most effective use of our re-
search staffs. We must know what we want and what 
we expect of the research worker. We must understand 
his motivations and characteristics. Based on our un-
derstanding of these things, we must provide environ-
ments conducive to good results. We must use creative 
imagination in the administration of research. We must 
follow this by sound engineering and good business 
planning. This is effective research. This is the kind of 
research which means position and control of destiny 
tomorrow. 

Microstrip--A New Transmission Technique 
for the Kilomegacycle Range* 

D. D. GRIEGt, SENIOR MEMBER, IRE AND H. F. ENGELMANNI, SENIOR MEMBER, IRE 

Summary—A novel approach to microwave transmission and 
components is described. In place of the more familiar waveguide or 
coaxial structures, this technique utilizes a single conductor sup-
ported above a ground plane. Such a configuration is equivalent to a 
parallel-wire system for the image of the conductor in the ground 
plane produces the required symmetry. Losses in this system are ap-

proximately equal to those of coaxial structures. The extent of the 
field spread about the conductor is small, thus making possible com-
pact configuration. Printed-circuit techniques are particularly ap-
plicable to the construction of compact, rugged, inexpensive, and 
noncritical microwave components. A general description, back-
ground theory, and laboratory experiments are given in this and 
other papers., 2 

1. INTRODUCTION 

r HREE PRINCIPAL TYPES of structures have 
been utilized in microwave systems: waveguides, 

  coaxial lines, and parallel wires. Waveguides have 
comparatively low losses and, in common with the co-
axial configurations, provide complete shielding and, 
hence, high Q, if required. Decoupling between com-
ponents is more readily achieved than with other sys-

* Decimal classification: R117 X R423.17 X R310. Original manu-
script received by the Institute, May 22, 1952; revised manuscript 
received October 8, 1952. Presented at the National Convention of 
the Institute of Radio Engineers in New York, N. Y., March 5, 1952. 
t Federal Telecommunication Laboratories, Inc.; Nutley, N. J. 
F. Assadourian and E. Rimai, "Simplified theory of microstrip 

transmission systems," vol. 40, pp. 1651-1657; this issue. 
'J. A. Kostriza, "Microstrip components," vol. 40, pp. 1658-

1663; this issue. 

tems. Waveguide structures, on the other hand, are 
heavy, bulky, dimensionally critical, and expensive to 
manufacture. Coaxial components can be made smaller 
for a given wavelength than the waveguide equivalent, 
but usually require critical tolerances that make them 
still more expensive and difficult to manufacture. The 
third type, the parallel-wire system, while avoiding the 
disadvantages of the previous systems, possesses severe 
limitations so far as microwaves are concerned in that 
rigid symmetry is necessary to avoid perturbations and 
corresponding radiation and losses._ 

Other types of systems have also been considered. 
One type is the so-called G line involving the propaga-
tion of a TM mode along a single dielectric-coated con-
ductor.. 4 The relatively large spread of the fields about 
the conductor and the wave launching and collecting 
mechanisms have limited the usefulness of this system 
to antenna transmission lines and similar applications. 
More recently, a transmission line which corresponds 
to a flattened coaxial with the sides removed has been 
described..5 This approach, while yielding configurations 

' G. Goubou, "Surface waves and their application to transmission 
lines," Jour. App!. Phys., vol. 21, pp. 1119-1128; November, 1950. 

4 S. S. Attwood, "Surface-wave propagation over a coated plain 
conductor," Jour. App!. Phys., vol. 22, pp. 504-509; April, 1951. 

6 R. M. Barrett and M. H. Barnes, "Microwave printed circuits," 
Radio and TV News; Radio-Electronic Engineering Section, vol. 46, pp. 16, 31; September, 1951. 
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that are somewhat simpler to fabricate, still requires 
that close tolerances be maintained as in the case of 
coaxial construction. In addition, the parallel outer con-
ductors subject the system to problems of transverse 
, modes of transmission. 
The relative simplicity of the parallel-line system sug-

gested further study of this type or of some equivalent 
"open" system. This work has resulted in an interesting 
variation of the parallel-line system which avoids the 
requirements for extreme accuracy and dimensional 
symmetry. Because of the ease of manufacture and the 
apparent similarity to conventional wiring, the generic 
name of microstrip has been given to this transmission 
system. NI ore specific forms, which are described in this 
and the accompanying papers," have been termed 
"wire-above-ground, strip-line" and the corresponding 
"strip-plumbing," as well as "conductor-ground-plane" 

configurations. 

2. GENERAL DESCRIPTION 

The basic principle of this transmission system is il-
lustrated in Fig. 1. For reference purposes, a parallel-
wire system is shown at (a). If a ground plane of theo-
retically infinite width is inserted between the conduc-

(0) 
A 

= = ======= = = 

tions of the conductor are small compared to the wave-
length, symmetry will be maintained. 
A cross section of the wire-above-ground system, as 

well as a cross section of a variation of this system using 
a strip conductor in place of the round wire, is shown in 

Fig. 2. 
In the idealized case using a single uniform dielectric 

and a lossless conductor, the types of transmission cor-
responds to the TEM mode. This has been confirmed 
approximately by theoretical work and by measur-
ments performed on practical systems comprising com-
posite dielectrics and finite conductor dimensions. 

(c) 

' 
-- — 

Fig. 1—Evolution of line above ground. 

tors and if the lower conductor is removed, the con-
figuration at (b) results. If we assume as a first-order 
theory that the electostatic case applies, then an image 
of the upper conductor will exist in the ground plane 
when a field is present. The significance of the image is 

represented at (c). 
If the upper conductor is disturbed by moving it up-

ward, the image oblingingly moves downward to com-
pensate and maintain structural symmetry. Similarly, 
if the conductor diameter is modified or the conductor 
disturbed longitudinally, the image compensates in a 
corresponding manner. While the picture gives, of 
course, a first-order description only, it does serve to 
illustrate the basic principle involved. If the perturba-

GROUND 
PLANE 

DIELECTRIC 

GRO WN—) PLANE 

Fig. 2—Cross section of transmission system. (a) shows the wire 
above ground and (b) illustrates the strip line. 

WIRE 

(a) 

STRIP 

On the basis of the TEM mode of transmission, the 
system can be considered as approximating the char-
acteristics of the familiar parallel-wire system. While 
this assumption neglects such things as fringing effects, 
in addition to the finite conductor and dielectric char-
acteristics, the equivalence has been found useful as a 
guide to the design of various components. 
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Fig. 3—Power-flow distribution. 
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An important characteristic of the system is the 
power-flow distribution between the conductor and 
ground plane. Fig. 3 gives the results of calculations of 
the ratio of power flow in a particular cross section to 
the total flow of power for a given b/h, where b is the 
radius of the wire and h is the distance from the center 
of the wire to the ground plane. 
While the distribution shown is approximate only, 

the interesting conclusion that can be drawn from the 
mapping is that most of the power flow is adjacent to 



1646 PROCEEDINGS OF THE I.R.E. December 

the conductor. In the case of the strip line, essentially 
all of the power is confined to a region of the ground 
plane equal to approximately three times the strip width 
for large b/h. 

A comparison between the calculated losses for the 
various types of transmission systems and for the con-
ductor-ground-plane system at different frequencies is 
given in Table I. Calculations are given for both air and 
polystyrene dielectrics. 

TABLE I 

CALCULATED ATTENUATION IN DECIBELS PER FOOT 

Fre-
quency 
in mc 

Rectangular 
waveguide 

Air 
Poly-
styrene 

1,000 
5,000 
10,000 

0.021 
0.076 

0.18 
0.48 

Coaxial line 

air 

0.031 
0.070 
0.099 

R(-8/U 

Wire above 
gro Ind 

Air 
Poly-
styrene 

0.085  0.018 
0.250  0.041 
0.420  0.058 

0.047 
0.155 
0.270 

As can be seen from the table, the waveguide system 
using air dielectric yields the lowest attenuation values 
as would be expected because of the large copper area 
involved. The conductor-ground-plane system, how-
ever, has somewhat lower losses than the coaxial sys-
tem. 

In general, measured values for all the transmission 

systems are somewhat higher due to errors introduced 
by the physical condition of the conductors and dielec-
trics and to the presence of errors involved in the meas-
urement process. Actual measurements have shown 
reasonable correspondence with the calculated values 
given. From both the calculated and measured data, 
the general conclusion can be drawn that this system 
yields losses that are closely comparable to those ob-
tained with coaxial systems. 

In view of the open type of construction of the micro-
strip structures, the radiation losses arc of direct inter-
est. Sterba and Feldmane have shown that the power 
radiated by a terminated parallel-wire line has a magni-
tude approximately twice that radiated by a doublet 
antenna of length equal to the line spacing and whose 
current is equal to the current in the line. In the above, 
for a line spacing small compared to the wavelength and 
for a line terminated in its characteristic impedance, the 
following expression is derived: 

P,  7rD 2 

- = 160 -- , watts per ampere2, 
/2 X (1) 

where P, is the radiated power, D/X is the line spacing, 
and I is the rms current in the line. 
An approximation for the wire-above-ground case can 

be made by assuming that power is radiated in one 
hemisphere only, which divides the numerical constant 
by a factor of 2 and by writing for D the quantity 2h, 
h being the height above ground. If the characteristic 

° E. J. Sterba and C. B. Feldman, "Transmission lines for short-
wave radio system," PROC. I.R.E., vol. 20, pp. 1163-1202; July, 1932. 

impedance Zo is used to determine the power in the line 
(1) becomes 

P,  320 1 irh\ 2 

P  Zo  x I 
(2) 

where P is the power in the line and X is the wavelength. 
Fig. 4 illustrates the radiated power ratios for a 50-ohm 
line for different conductor-ground-plane spacings and 
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Fig. 4—Radiated power ratios as a function of h/A. 

01 

frequencies. It is seen from the data presented that 
within the assumptions inherent in the use of (2), the 
radiated power is a small percentage of the total power 
transmitted for small ratios of h/X. 

3. DESIGN AND STRUCTURAL DETAILS 

It is apparent that the basic idea of using a wire 
above a ground plane as a transmission-line system is 
not new, and in fact this general type of system was 
described in the early literature of radio. 7'8'9 The novelty 
is that it is applicable to microwaves and that particular 
configurations give optimum electrical and mechanical 
characteristics. 

Several different types of configurations, each having 
their particular advantages and applications, might be 
visualized. Two main types of microstrip have been in-
vestigated to date. These are 

A. wire above ground, which consists of a cylindrical 
conductor suspended above a ground plane; 

B. strip line, which consists of a narrow ribbon con-
ductor separated from the ground plane by a di-
electric material. 

Table II gives sonic of the characteristics of a prac-
tical microstrip system. The wire-above-ground struc-
ture may be of the air-dielectric type with the center 

7 "Reference Data for Radio Engineers," Federal Telephone and 
Radio Corp., New York, N. Y., 3rd ed., p. 324; 1949. 

W. H. Timbie and V. Rush, "Principles of Electrical Engineer-
ing," John Wiley and Sons, Inc., New York, N. Y. 3rd ed., pp. 299-
304; December, 1947. 

O A. A. Alford, U. S. Patent 2,159,648; May 23,1949. 
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conductor supported by dielectric beads or by equiva-
lent stubs. Alternatively, the wire may be supported 
above the ground plane by a continuous dielectric strip 
or be immersed in the dielectric. Because of the absence 
of sharp corners, the wire-above-ground line possesses 
the higher power-handling capabilities. In addition, the 

air-dielectric line yields the lowest losses. 

TABLE II 

STRIP-LINE AND WIRE-ABOVE-GROUND STRUCTURES 

Characteristic imped-
ance 

Conductor dimensions 
Conductor material 
Ground-plane width 

Conductor support 

Height above ground 
plane 

Strip line Wire above ground 

50 ohms 

0.220 by 0.002 inch 
Copper 
3 times conductor 
width 

0.064 polystyrene 
sheet 

0.064 inch 

50 ohms 

0.125-inch diameter 
Copper 
3 times conductor 
diameter 

Polystyrene bead 

0.024 inch 

Table III gives the ratios h/b for various optimized 
characteristics. As in the coaxial case, equivalent im-
pedances of the order of 50 ohms represent a close-
enough compromise between the various characteristics 

TABLE III 

DIMENSIONS FOR OPTIMIZED CHARACTERISTICS 

Characteristic 
impedance of 
air line in 
ohms 

Maximum voltage between conductors 
Maximum power transfer 
Minimum attenuation 
Minimum resonant impedance 
Maximum resonant impedance 

2.45 
1.60 
2.45 
1.0 
5.55 

92.6 
62.6 
92.6 
0 
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field nearest the ground plane.'" This factor is present to 
a much lesser degree in strip-line type configuration. 
Another item of interest is the power-handling capa-

bilities of the line as a function of spacing. If we assume 
an air breakdown characteristic of 30 kv per centimeter, 
the breakdown voltage for the example cited is 1.9 kv. 
For a 50-ohm impedance, this yields a theoretical power-
handling capacity of approximately 70 kw. In the actual 
case, projections in the wire and the condition of the 
conductors and dielectric can reduce this value con-
siderably. Tests on an experimental sample have given 
a breakdown voltage of 1.8 kv and a corresponding 

peak power capability of 65 kw. 
On the basis of the above, it is apparent the preferred 

configuration for the wire-above-ground or equivalent 
system for application to microwaves should maintain 
h/X as small as is practicable. For the more popular 
range of microwave frequencies (e.g., approximately 
1,000 to 10,000 mc) this spacing is of the order of a few 

thousandths of an inch. 
The dielectric-supported wire above ground suggests 

a second configuration that is more amenable to simple 
fabrication processes. This is the strip-line system, an 
experimental design of which is described dimensionally 

in Table II. 

For the particular wire-above-ground dimensions 
given, an estimation of the radiation can be made using 
(2). For h= 0.025 inch, Zo = 50, and X= 7 cm the ratio 
of power radiated to power in the line is —23 db. If it 
is assumed that all this power impinges on an adjacent 
line then, since the efficiency of the line as a receiving 
antenna is down at least the same 23 db, the coupling 
of the radiation fields between two similar lines is a mini-

mum of —46 db. 
Since the radiation varies directly with the square of 

the spacing, radiation coupling can be reduced still fur-
ther by decreasing h. To maintain the same impedance, 
the diameter of the wire in this case must also be re-
duced. While this reduces the copper area and thus in-
creases the line losses, for most applications to micro-
wave circuity where line lengths are short, the increase 
in attenuation should not be a determining factor. An 
additional factor, which is a second-order magnitude 
and which further increases losses as the spacing of the 
wire above ground is decreased, is the "proximity ef-
fect" and is due to the increased concentration of the 

Fig. 5—Mechanical stripping process. 

The strip line can be constructed in many ways. An 
extremely useful method for experimental work utilizes 
as the starting material a dielectric of the proper dimen-
sions sandwiched between two high-conductivity metals 
such as copper and silver. Sandwich material utilizing 

several different types of dielectrics can be purchased 
on the commercial market. The transmission-line con-

'° J. R. Carson, "Waves propagation on parallel wires i he !Tux-
imity effect." l'hil. Mag., series 6, vol. 41, pp. 607-633; April, 1021 
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figuration is scribed on one of the conductors and the 
excess material removed as illustrated in Fig. 5. The 
unscribed metal backing serves as the ground plane and 
the dielectric is utilized as the support for the trans-
mission-line configuration. It has been found that the 
tolerances of the dielectric thickness for the commercial 
product, which may run ± 5 per cent, is adequate for 
most of these purposes. 

Alternatively, the strip configuration can be printed 
by photographic methods on one of the conductors and 
the excess material removed by a chemical process. This 
latter method, utilizing a ferric-chloride etching process, 
has been used quite successfully. Fig. 6 illustrates the 
printing of a batch of strip-line components by this 
process. One group•of hybrids and a second group of 
directional couplers are shown. The individual com-
ponents are cut apart later. 

Fig. 6—Method of producing printed strip-line components. 

Various materials and alternate processes may, of 
course, be used in place of those described above. For 
low dielectric losses and for good temperature char-
acteristics, a metal-and-dielectric sandwich using teflon 
may be used. 
Printing, embossing, or evaporation methods can, of 

course, be used instead of removing material in the 
fabrication process. In general, the strip line lends itself 
to fabrication by most of the printed-circuit methods. 
A variation of the strip line is a construction in which 

a layer of dielectric is placed over the strip conductor. 
The strip conductor may be deposited in a fashion sim-
ilar to that described or, alternatively, may be inde-
pendently cut from strip stock in the required configura-
tion and sandwiched between the dielectric and the 
ground plane. 
It would be expected that radiation effects, power-

handling capabilities, and their relation to the spacing 
of strip would be comparable to the wire-above-ground 
structure. Experimental evidence has essentially con-
firmed this. Measurements made on two adjacent strip 
lines using the configurations of Table II yielded cou-
pling values of the order of —35 db for separations of 
approximately I wavelength. This value includes not 

only the coupling of the near fields but leakage intro-
duced by the coaxial transitions used in the experi-
mental setup. Measurements have also been made of the 
voltage breakdown and power capabilities for 0.05-inch 
separation of polystyrene. Maximum voltage has been 
found to be 15 kv and the corresponding peak power 
capability, 4X106 watts. 

4. COMPONENTS AND GENERAL APPLICATION 

From the basic transmission-line elements, many 
different types of components having application to 
microwave systems can be designed. In general, it has 
been found possible to construct most of the applicable 
components utilizing wire-above-ground or strip-line 
configurations. For microwave systems, the total length 
of line required for the components is relatively short. 
Since insertion losses are therefore small, a greater free-
dom of choice exists in determining the materials of con-
struction and the type of system. 
The strip line particularly lends itself to satisfactory 

fabrication processes, and thus many components have 
been constructed utilizing it. Dielectrics actually used, 
for the development of components have been poly-
styrene and laminated phenolic plastics. Fibrous sheet 
materials impregnated with a thermosetting resin have 
had their use limited to guide-wavelength studies only, 
because of excessive attenuation. 

These products are available commercially in sheet 
form with either or both sides coated with copper, and 
have been used with the mechanical stripping, photo-
engraving, and etching processes. In the case of poly-
styrene, cementing of metal conductors to the surface 
has proved successful without introducing appreciable 
dissipation. Preformed shapes of line conductor can thus 
be cemented in place to form a particular configuration. 
Sandwich-type construction is readily accomplished by 
cementing under pressure. 

Components have been successfully operated in sev-
eral frequency band,, such as 1,000, 5,000, and 10,000 
mc. In view of the availability of special test equipment, 
most of the experimental work has been done in the 
4400-to-5000-mc region. A partial listing of components 
that have been constructed follows. 

A. Transitions 

Wideband transducers have been designed to operate 
in several regions of the microwave spectrum, including 
the 5,000- and 10,000-mc regions. Fig. 7 illustrates a 
strip-to-coaxial transition as compared to the equivalent 
coaxial-to-waveguide type for the 5,000-mc range. 
VSWR as low as 1.2 over a 10-per cent band utilizing 
this type of component have been achieved. 
Transitions for waveguides have also been con-

structed. In general, while it has been found feasible to 
couple the waveguide directly to the strip line, a more 
convenient design has been the use of a cross-bar-feed 
waveguide-to-coaxial transition and then that of the 
coaxial-to-strip-line transition of the type described. 
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8. Crystal Mounts 

Wide-band crystal mounts have been designed for the 
various types of lines. For the strip line, a successful 
.design is the type utilizing a coaxial transition with the 

tt. 
41,4 
Fig. 7—Comparison of a 2- by 1-inch waveguide type-N transducer 
and a 3/8-inch coaxial-line-to-microstrip transducer for the same 
frequency range. 

crystal holder as an integral part of the coaxial. Fig. 8 
illustrates a unit designed for operation in the 4,400-to-
5,000-mc band. VSWR of less than 1.5 have been meas-
ured utilizing 1N21-B and 1N23-B types of crystals. 

C. Magic Tees 

The magic tee, which is useful for balanced mixers, 
automatic-frequency-control circuits, hybrid junctions, 

antimu mi m m...1111111111111111111111110 
Fig. 8—Comparison of crystal mounts on a 2- by 1-inch waveguide 
and on a microstrip-to-coaxial structure using the same type of 
crystal for a similar frequency band. 

and the like, has been constructed in microstrip. Fig. 9 
illustrates the comparison of a strip rat race compared to 
the waveguide equivalent for operation in the 4,400-to-
5,000-mc region. This type of hybrid junction has been 
utilized with the two arms terminated in crystal holders 
and the third arm in a matched load. Measurements 
have shown negligible radiation, balanced crystal re-
sponse, and extremely low vswr over the bandwidth. 

D. Attenuator Pads and Loads 

Fig. 10 illustrates a type of fixed load utilizing the 
microstrip techniques. The line is coated with a lossy 

Fig. 9—Comparison of waveguide magic tee and 
microstrip rat race. 

Fig. 10—Loads and variable attenuators of rectangular guides 
and printed strip lines. 

MIK 

dielectric of appropriate characteristics. Graphited paint 
has been used in some cases. To obtain a proper match, 
the lossy dielectric can be tapered as shown in the figure. 
The load illustrated gives a matched termination over 
a 4,000-to-5,000-mc range. 
A variable attenuator, counterpart of the waveguide 

flap attenuator, is also shown. Variation of attenuation 
is obtained by rotation of the flap, which adjusts the 
length of the dielectric run with respect to the strip 
line. This attenuator has a range of zero to 15 db. 

E. Miscellaneous Components 

The preceding components have been described briefly 
in order to illustrate the various possibilities. Other 
types of components not described have included direc-
tional couplers, filter elements, and similar structures. 
The use of this technique has also been applied to the 
construction of antennas. By slotting the ground plane 
at an angle to the strip conductor, radiation in the 
direction at right angles to the ground plane may be 
obtained. Various patterns can be built up by increasing 
the number of slots and varying the length of the strip 
feed between slots. The ground-plane slot has also been 
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used to couple external cavities and in this manner 
high-Q configurations can be constructed. 

F. Microwave Receiver 

As an illustration of the general application of the 
techniques described, the front end of a microwave re-
ceiver designed for the 4400-to-5000-mc region is shown 
in Fig. 11. The microwave portion of the receiver con-
sists of the following: 

Fig. 11— Front end of microwave receiver showing 
top and bottom views. 

1. Coaxial-to-strip-line transition and matching ele-
ment, which permits its connection to a coaxial antenna 
feed. 
2. Balanced rat-race mixer for low noise figure. In-

cluded in the mixer are two balanced crystal holders and 
matching elements. 
3. Coaxial transition for the local oscillator and 

matching elements. 
It should be noted that the ground plane is used as 

the chasis for the conventional low-frequency stages. 
The low-noise input stages and the first two stages of 

the intermediate-frequency amplifier are illustrated in 
the figures. The top view of the receiver shows the stubs 
used for matching the various transitions. In practice, 
an extremely accurate match for these elements can be 
obtained by successively cutting away portions of the . 
terminating-line capacitance. Receivers of the type 
shown have yielded noise figures of better than 16 db 
and conversion losses limited only by the crystal char-

acteristics. 

5. CONCLUSIONS 

While the idea of a conductor above a ground plane 
is not new and has been used at the lower frequencies, 
its application to microwaves seems to have been neg-
lected. The fact that simple forms such as the strip line 
can be utilized at microwaves should prove useful in 
those applications where the more bulky and expensive-
to-manufacture conventional plumbing is at a disad-
vantage. 
There are, of course, a number of limitations to micro-

strip. The fact that an open structure is used leads to a 
somewhat greater coupling between side-by-side con, 
figurations as compared to waveguide or coaxial sys-
tems. The absolute value of this coupling is small how-
ever. Also, the tact that complete circuits can be fabri-
cated in one piece avoids the use of transitions or flanges, 
which in practice is often the dominant coupling element 
for the closed transmission systems. 
A second factor is the somewhat higher attenuation 

of the system as compared to waveguide structures. 
While this item may limit its usefulness in systems 
where extremely low losses are required, for many ap-
plications losses are sufficiently small. In systems such 
as microwave receivers, where line lengths are small, the 
insertion losses can be made negligible compared to 
other losses. 
A third factor that should be mentioned is the low 

resonant impedance inherent in structures of this sort, 
which limits the magnitude of the obtainable Q. Since it 
is possible to couple high-Q cavities of either the wave-
guide or the coaxial typc in a simple manner, this limi-
tation for practical designs can be overcome by combin-
ing the desirable features of the different systems. 
On the basis of the preceding, it 1s concluded that the 

techniques described should prove useful for application 
to microwave systems particularly where a practical 
compromise must be made between the extremes of 
maximum electrical performance and optimum physical 
realization. 
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Simplified Theory of Microstrip Transmission Systems* 
F. ASSADOURIANt AND E. RIMAIt 

Summary—Properties of TEM-mode propagation are examined 
for a wire or a strip of finite width immersed in a uniform infinite 
dielectric above a ground plane. Characteristic impedance, power 
flow, and conductor and dielectric losses are considered. The dis-
cussion of the TEM mode is in the complex plane. 

1. INTRODUCTION 

T
HIS PAPER is concerned with properties of elec-
tromagnetic propagation in transmission systems 
consisting of an infinitely long circular wire or 

strip above an infinite ground plane and having uniform 
cross sections. If the surrounding dielectric (air or solid) 
is uniform and infinite and the system is lossless, then 
the transverse electromagnetic (TEM) mode can be 
propagated. However, practical strip lines involve a 
solid dielectric on which a strip is placed, and an air 
region above the dielectric. Since these strip lines in-

• volve composite dielectrics, they cannot support a pure 
TEM mode. Nevertheless, both theory and experiment 
indicate that the fields and power flow are concentrated 
in the dielectric between the conductors, so that the 
assumption of a single infinite dielectric leads to useful 
results even though it is not rigorous. 
It is assumed henceforth that the conductors are im-

mersed in an infinite uniform dielectric. The further as-
sumption of perfect conductors and lossless dielectrics 
permits computations on the basis of a TEM mode. 
Either a rigorous or a first-order analysis is followed to 
derive equations for characteristic impedance and con-
centration of power flow through the cross sections. 
Transmission losses are calculated wherever possible 
from the field solutions for the lossless cases. 
The analysis of the TEM mode is reduced to an in-

vestigation of its corresponding electrostatic distribu-
tion which is made, not in the original transverse cross-
sectional plane of a given configuration, but in a new 
plane obtained by a conformal transformation. Calcula-
tions of desired quantities are carried out more readily 
in the image plane. Most of the discussion about char-
acteristic impedances has appeared previously in the 
literature in terms of related capacitances. Much of the 
discussion about the distribution of power flow and 
; transmission losses may not be well known. Practical 
I mks units are employed in all equations unless otherwise 

indicated. 

2. ELECTROSTATIC APPROACH TO TEM MODE 

The electrostatic approach to the analysis of the 
TEM mode is well known.' If the electric field is writ-

* Decimal classification: R117 X R423.17 X R310. Original manu-
script received by the Institute, May 22, 1952; revised manuscript 
received on October 8, 1952. Presented at the National Convention 
of the Institute in New York, N. Y., March 5, 1952. 
t Federal Telecommunication Laboratories, Inc.; Nutley, N. J. 
1 S. Ramo and J. R. Whinnery, "Fields and Waves in Modern 

Radio," John Wiley and Sons, Inc., New York, N. Y.; 1944. 

ten as E(x, y) multiplied by factors involving time and 
the direction of propagation k, then E(x, y) is an elec-

trostatic field. 
One may write E= —V4), where the scalar potential 

4) satisfies V242= 0 and takes specific values, for example 

4)2 and 4)2, at the conductor boundaries. 
If q is the charge per unit length on either conductor, 

then the capacitance C per unit length and the char-
acteristic impedance Zo are given by 

C = 4/(4)2 — 44)  (1) 

and 

Zo = (i)"2/C.  (2) 

The average power P flowing through an entire cross 

section is found from 

1  \ 112 i 

2- -12 ) 
El k 2dS = (02 — 4),)2/2Z0,Zo,  (3) 

P = —  

where dS is an element of area and the limits are the 

conductor boundaries. 
First-order estimates of conductor and dielectric 

losses are found in the usual way' from the previously 

found field for the lossless case. 
One may write 

Pei  Pc2  P d 
a =   — cla  ac2 ±  ad = ac + ad, 

2P 

(4) 

where Pcl, P02 ,and P d are power losses per unit length 
along t in the two conductors and the dielectric. The 
average power dissipated in a conductor per unit dis-

tance along E is 

e 
Pc  I El 2ds, 

2 µ 
= (rf acre)I2, (5) 

where ds is an element of length along the conductor 
boundary, f is frequency, and a, is conductivity. 
The power loss P a in the dielectric per unit length 

along  is given by 

Pd = 

1 
— crd f I El2dS, 
2 

(6) 

evaluated over the dielectric portion of a cross section. 
Since P a and P involve the same region of integration, 

one has immediately 

ad 
Crd ( A 
2 E  1/2 (7) 

which is independent of the geometry of the conductors. 
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The conductivity ad is obtained from the complex di-
electric constant 

e' = e — j ei = e(1 — jad/coe), = co(ode)e, (8) 

where the loss ratio ede is assumed to be small. 

3. ELECTROSTATIC CALCULATIONS IN THE 
COMPLEX PLANE 

The quantities listed in the previous section require 
knowledge of E and 4). The method for their calcula-
tion followed in this paper uses functions of a complex 
variable.2 
A brief summary of the complex-variable method is 

useful for an understanding of subsequent calculations. 
If the cross section of a transmission line is drawn in the 
complex z =x+jy plane, the complex potential F(z) is 
an analytical function given by 

F (z) = 4)(x, )1), (9) 

where 4) and 4, satisfy the Cauchy-Riemann and Laplace 
equations. Curves of constant 4. are equipotential lines, 
and the orthogonal curves of constant 4, are flux lines. 
The electric intensity vector E can be represented in 

complex form by 

E(z) = — (dF/dz), 

mentary rectangles. If now (12) is written twice for dzi 
and dz2 and the results are multiplied, one obtains 

E(z) 12 dS --=I E(w) 12 dS  (14) 

Reference to (3) shows that P(z) =P(w), so that the e 
total power flow is also invariant under a conformal 
mapping. Furthermore, the portion of P bounded by 
the conductors and any pair of flux lines remains the 
same if their images are considered. 
One may write 

I E(z) 12 I dz I = I E(w) 12 I dwl rdwz (15) 

Integration of the left-hand side along conductor 
boundaries or of the right-hand side along the 
boundary images and substitution in (5) gives the con-
ductor losses. It should be noted that this calculation 
gives losses for the original conductors but not for their 
images. 
In summary, it is evident that q, C, Zo, P, and suit-

ably defined portions of P are invariant, but ac is not , 
invariant under conformal mappings. All of these 
quantities may be calculated in the image plane. 

4. CIRCULAR WIRE ABOVE INFINITE GROUND 

The cross section for a transmission system of a circu-
(10) lar wire above an infinitely wide ground conductor is 

where the bar indicates that the complex conjugate 
should be taken. The problem of finding F(z) is fre-
quently simplified by using a conformal mapping z =f (w) 
to map the z plane into an image w plane where F(w) 
is more readily set up. 
If E(w) is the electric field in the w plane, then 

E(z) = — (dF/dw)(dw/dz) = E(w)dw/ dz.  (11) 

For small elements dzi and I dwl , one has approxi-
mately 

1E(z)lick! =lE(w)Ildwl•  (12) 

This is the fundamental relation that permits the cal-
culation of all desired quantities in the w plane. 
Although the integration of (12) around a conductor 

boundary and multiplication by e will yield the total 
charge per unit length along t, this charge g is found 
more quickly from 

F(w) = 4(u, v) + j4,(u, v)  (13) 

by taking e times the change in 4, over a circuit of either 
conductor boundary. It is evident from (12) that both 
q and hence Zo are invariant under a conformal map-
ping if corresponding conductors in the two planes 
have the same potentials. 
Let dzi and dz2 be two orthogonal elements at a point 

z with orthogonal images dwi and dw2 at the image point 
w. Then I dzil I dz2I and I dwil I dw2I are areas of ele-

2 E. Weber, "Electromagnetic Fields—Theory and Applications," 
John Wiley and Sons, Inc., New York, N. Y., vol. I; 1950. 

Fig. 1—Conformal mapping for a wire above an 
infinite ground plane. 

shown in Fig. 1. The quantity a is related to height h 
and radius b by 

h2 = a2 h2. 

The bilinear transformation 

z = ja(1  w)/(1 — w) 

(16) 

(17) 

converts wire and ground plane into a coaxial pair of 
concentric circles as shown in Fig. 1. The complex po-
tential in the image plane is 

F(w) = (02 - 411) in w/ln R  4,1 = (k(u,  figu, vb8) 
R = b/(h + a) 

and leads to the well-known results, 

— — (61  
ln r + _  e, w = reo.  (19) 

ln R  ln R 

4,2 j 1 
E(w) — 

ln R w2 
(20) 

1 
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und 

q = 27r€ 
4)2 - 4)1  

In R 

Zo = - - cosh-2 (h/b). 
2r(e 

1 pi)" 

C= 
27re 

cosh-2 (h/b) ' 

The radial flux lines are images of 

(x + a cot 0)2 y2 = a' cosec2 0. 

Some aspects of the following discussion may not be 
as well known. If k is the fraction of power P flowing 
through the sectorial region bounded by the conductors 
and the flux lines 0= +01, then 

k = (7r - 01)/r.  (23) 

It should be noted again that k is the same in either 
plane. The choice of several values for 01 in (23) yields 
a picture of power flow distribution in the TEM mode. 
The application of (4), (5), and (15) to each conductor 

in the w plane yields 

1 I rfe\112  1 + h/b 

ae - -2a k cr, cosh-' (h/b) 

( 
R.fe 1/2 =  71 € 112 . 

cr,  P 

A plot of the variable part of a, (a fixed) is given in Fig. 
2. The minimum value of a, is given by 

70 

60 

5 

3 
0 

— 30 

(24) 

C 20 

111o. 

10 

0 
2 4 6  8 2 4  6  8 

10 100 
nib 

Fig. 2—Conductor attenuator for a wire above an infinite ground 
plane. 

4.34 ( e yn  1+ h/b  
of, = 

a cosh-1 h/b 

in dl) per unit length. 

h/b = 2.447, 

1.117 (7rfe)112  
—  nepers/meter. 

a 

(21) 

For a numerical illustration, consider a wire of radius 
0.0625 inch and height 0.0850 inch. Copper conductors 
are assumed. For a frequency of 5,000 mc and a normal-
ized dielectric constant of 2.54 with a loss ratio of 
4 X10-4 (polystyrene), one obtains 

a = 0.0576 inch,  (rfe/a,) 1/2  =  7.80 X 10-5 , 

= 0.20 db/ft,  ad = 0.09 db/ft, 

a = a, -I- ad = 0.29 db/ft, Zo = 31 ohms. 

(22) By choosing 01= ± 0.25 7,  +0.107r and +0.057r in 
(23) and using (21), one finds the bounding flux lines 

for 75, 90, and 95 per cent of the power flow in the TEM 
mode. These regions are indicated in Fig. 3. 

100 
PERCENT 95 

PERCENT 

Fig. 3—Distribution of power flow for a wire 
above an infinite ground plane. 

5. WIDE STRIP OF ZERO THICKNESS ABOVE 
INFINITE GROUND 

This section considers a strip of zero thickness, width 
b, and height h above an infinitely wide plane conductor, 
as shown in Fig. 4, with b>>h. For a semi-infinite strip 
parallel to an infinitely wide ground conductor, it is 

PLANE b 
• 

02) el 

0 

4 4: 
0, 

".•  1 
1 

1 
ico ow  

A  0 A' 0  C 4,, 13 

I.— 

Fig. 4—Conformal mapping for a wide strip of zero thickness 
above an infinite ground plane. 

known' that the electric field is infinite at the strip 
edges and, as one proceeds along the underside of the 
strip, approaches the homogeneous field that would 
result from two infinite conductors with the same spac-
ing. The actual field is within 1 per cent of the homo-

(25) geneous field beyond a distance approximately equal 
to the spacing. 



1654  PROCEEDINGS OF THE I.R.E. 1December  

The preceding suggests that the effect of the strip 
edges should become negligible as the center of the 
underside of the strip is approached in Fig. 4. It ap-
pears reasonable therefore to calculate the electrostatic 
distribution for the right half of the configuration by 
assuming that the strip extends to infinity at the left. 
The field to the left of the line of symmetry through A 
then follows by symmetry. 

The conformal mapping given by 

rz/h = 1 + w ± In w (26) 

transforms the revised upper z plane into the upper 
w plane. The images of the semi-infinite strip and infi-
nite ground are the two halves of the u axis. The regions 
of interest are those bounded by BCAA'C'B'B in both 
planes. The fact that the flux line leaving B in the z 
plane should be vertical but is not reveals the ap-
proximateness of the mapping. The worst inaccuracy is 
in the region of lowest field intensity. 
The complex potential in the image plane is 

—  
F(w) = j  In w 4.1 

ir 

hEo 
= j  In w = jik,  (27) 

where Eo is the constant field that would result if the 
strip were infinitely wide. By using w=r exp (JO) in 
(26), one sees that the equipotential and flux lines are 
given by 

rx/h = 1+ r cos° ± In r, ry/h = 0 r sin 0. (28) 

From (27) one obtains for the electric fields 

E(w) = — jhEo/r2Z",  E(z) = — jEo/ w 1.  (29) 

If 1.4 and ril are the radii of flux lines in the w plane 
through A and B, they are found from (28) to satisfy 

— rb/2h = 1 — r In r, in TB/TA = r.t. 

For large b/h, it is seen that 

In rA — 1 — rb/2h, 

rB In rB/rA 1 ± rb/2h In (1 + rb/2h). 

The charge qAB between A and B is 

q.4e=e(hE/r) In rB/rA• 

The total charge on the actual strip is q=2qAe. 
The characteristic impedance is 

1 

2 
(me v)  i2 In rn/rA 

4 1{1 + —72: [In (1 21) -I- 1]} , 

b 
Zo1 = --- (1 "2 ,  

b e 

Zo = 

(30) 

where Zo' corresponds to a constant field in the absence 
of fringing and leakage flux. This result has been 
derived by Maxwell' in terms of capacitance. 
A rigorous mapping for the entire strip' has been 

previously used to find the accurate electrostatic dis-. 
tribution and, for b>> h, gives rise to the result 

Zo Zoi/ [1 + (2h/o-b)(1 + in rb/h)].  (33) 

For large b/h, (32) and (33) approach each other. A 
plot of both expressions is given in Fig. 5. 

09 

08 

Z. 07 
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Pc 
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Z. :  2n  

, 4 _28+:., 4in  (,4  

,-o 

Fig. 5—Characteristic impedance and power flow for a wide strip of 
zero thickness above an infinite ground plane. 

= b (is ) 112  
Z0' —  —  . 

h 

If P represents the power flow bounded by pairs of 
flux lines starting at A and B, and if PQ is the power 
bounded by a pair of flux lines through A and any other 
symmetrical pair of which one starts at the point Q, 
then PQ/P is given by 

PQ =  in rQ/rA 

in TB/TA 

where rQ <rB corresponds to the second pair of flux lines. 
For example, rc= 1 for flux lines leaving the strip (31) 

edges and Pc/P is then given by 

Pc — In rA  1 + rb/2h 
=   

P  In rit — ln rA 1 ± rb/2h + In (1 ± rb/2h) 

A plot of P, 'P versus b/h for rQ = 1 is given in Fig. 5. 
It is apparent from Fig. 5 that, for large b/h, most of 
the power flow is confined between the lower surface of 
the strip and the ground conductor and that fringing 
and leakage fields become negligible. 

(34) 

(35) 

J. C. Maxwell, "Electricity and Magnetism," 3rd. ed., p. 309: 
1904. 

' H. B. Palmer, "Capacitance of a parallel plate capacitor by the 
(32)  Schwartz-Christoffel transformation," Trans. A IEE, vol. 56, p. 363; 

March, 1937. 
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6. WIDE STRIP OF SMALL THICKNESS 
ABOVE INFINITE GROUND 

The procedure of the previous section is now altered 
.o take into account a small strip thickness d, where 
• >>h>>d. The mapping (26) is replaced by 

rz  p+1  p-1  R 
  tanh-' R +   

Ii PU2 p1/2 1 R2 

RP" — 1 
+ In   

Rpii2 + 1 

vhere R and p are defined by 

= 
tw  1\112 

Vto + d 

p 1 202 + 20032 _ 01/2, 

(36) 

= 1 + d/h.  (37) 

The geometry of the mapping is indicated in Fig. 6. 
The electrostatic problem is again solved for the right 
half of a cross section on the assumption that the left 

half is infinite. 

2 PLANE 

F 

w PLANE 

B  2 D  C A E t C  0 . 6 

Fig. 6—Conformal mapping for a wide strip of small thickness 
above an infinite ground plane. 

Since the w plane is the same as in the previous sec-
tion, the expressions for F(w), E(w), Zo, and PQ/P 

remain unaltered. For E(z), one now has 
E(z) = — jEepiii mw p)( w  1)11/2. (38) 

For h>>d, one may write p =1+6 in (36) and obtain 

rz/h 1 + w ln w — (w + 1)(5/2, = p — 1. (39) 

The equations for the equipotential and flux lines are 

rx/h = (1 — 6/2)r C6S 0 + 1 ± In r — 6/2, 

ry/h = 0+ r(1 — 6/2) sin 0,  (40) 

which indicate that the electric field for the zero-thick-
ness case is pulled into the region between the con-

d uctors. 
The quantities TA and rB now satisfy the common 

) equation. 

— wb/2h r4t (1 — 6/2)(1 — r) + In r.  (41) 

If r' is a root of (30) and r is a root of (41), then 

r r'(1 + 6/2). (42) 

Relations (32) and (34) indicate that Zo does not change 
while PQ/P changes slightly to a first order. 
A calculation of conductor losses using (5) and (15) 

yields 

a e 1 

a  r 2 

Is 

16 

14 

12 
3 

10 
C1C 

8 

6 

1 + rb/2h 

1 + rb/2h  In (1 + rb/2h) 

r + 1 + rb/2h — 2 in 6/4 
  • (43) 
1 + rb/2h In (1 + rb/2h) 

b 

V I 

C =S =1 
h 7 

•̀•••--------.--___ ..... .......i 3 ..... ,....b 7, 22 

Tb.to 

0.01 
002 0.04 

d/h 
.06 . 06 

0.10 

Fig. 7—Conductor attenuation for a wide strip of small thickness 
above an infinite ground plane. 

a, = 8.6859 1 -/ 
h IL 

rb  ii  4 
1/2  1 +  ln 

2h 2h 

in db/unit length. 

11/2 ,5  =  1. p + 20,  + 20(02  1)1/2.  

a ,  
= 1 d/h. 

Fig. 7 shows plots of ac=cx‘i-Fac2 against d/h for various 
values of b/h. For copper conductors, polystyrene di-
electric, and a frequency of 5,000 mc, the value of 
n(e/A)1/2 is 7.80X 10-3 . 
As a numerical illustration, consider a laboratory 

setup consisting of a strip of width 0.110 inch, height 
0.032 inch, thickness 0.001 inch, copper conductors, 
polystyrene dielectric, and a frequency of 5,000 mc. 

Calculations yield 

rA 2.30 X 10-3 , rB 10.92, Zo 45.0 ohms, 

ael ••=-1 0.10 db/ft, eta  0.20 db/ft, ad = 0.09 db/ft, 

a =a + ad = 0.39 db/ft. 

The use of (34) for PQ/P 0.75 and 0.90 gives rise to 
the regions shown in Fig. 8. These regions indicate the 
approximate distribution of power flow in the TEM 
mode for the present case. As mentioned previously, 
the 100-per cent region should rigorously be infinite, 
but is not because of the approximateness of the map-
ping used to derive Fig. 8. 
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7. WIDE STRIP ABOVE FINITE GROUND, 
ZERO THICKNESSES 

The present section differs from Section 5 in that the 
ground conductor is now assumed to have a finite width 

The conformal mapping to be used is indicated 
in Fig. 9 and is given by 

rrz/h = — w2/2 — (1 — r)w r in w — 1/2 + T.  (44) 

where 7 satisfies 

rs/2h = In r  r/2 — 1/2r, 7 1. (45) 

The region of the w plane that is used for final calcula-
tions corresponds to TA Sr TB. 

IOO PERCENT 

•  i  s.17 ' s. ..' 

, / • ,'  • • 
1.0. b  N1 l'  4 90 PERCENT ' / 

i  ,..--- -1.. \ I  /  . %I ,/ I ----..,./  \ 
I I. I  . I i % I  // , "Ii b \  % 

, i ,  t 75 PERCENT % 

Fig. 8—Distribution of power flow for a wide strip of zero 
thickness above an infinite gro,ind plane. 

The expressions for F(w), E(w), Z 0, and PQ/P are the 
same as in the two preceding sections. For E(z) one 
now has 

t PLANE 

E(z) = jEor/(w + 1)(w — r). (46) 

81  

5•0 

\ 

IC' :8' E.  x 

A 

PLANE 

F. 

C' 

- 41 

Fig. 9—Conformal mapping for a wide strip of zero thickness 
above a finite ground plane. 

The equipotential and flux lines are given by 

— rrx/h = (r2/2) cos 20 + (1 — r)r cos 

T in r  1/2 — T 

— rry/ h = (r2/2) sin 20 + (1 — r)r sin 0 — r0. 

Both TA and re satisfy 

rrb/2h = 1/2 — r 7.2/2 +(r — 1)r — T In r, 

where r is first found from (45). 

1December  

The magnitude of E(z) along the conductors 

(0 = 0 or r) is 

I E(z)I = Eor/I ±r —111 ± r —rj. (49) 

The effect of finite s on Zo/Zo' and Pc/F, where the . 
latter is determined from flux lines starting at A, B, 
and the strip edges, is shown graphically in Fig. 10. 
Curves are given for s=0 and s-- 00. Corresponding 
curves for nonzero finite s are not shown but fall be-
tween those for s = 0 and 00. Fig. 10 indicates that there 
is not much change in Z0/Z0' and Pc/ P as s is varied 
from 0 to 00. Change is negligible for s greater than 2b. 
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Fig. 10—Characteristic impedance and power flow for a wide strip 
of zero thickness above a finite ground plane. Zo/Zo' is the solid 
line, P,/ P is the broken line, and 

b (m y: 
Zo' = —  —  . 

h e 

8. NARROW STRIP OF ZERO THICKNESS ABOVE 
INFINITE GROUND 

It is now assumed that b<<h. The present case is 
treated by applying limiting considerations to Fig. 11. 
The two mappings that are used are given by 

z = 1/2 + LP/21, t/j = .4(1  w)/(1 — w) — H, (SO) 

where 

B = b/2, H = 211,  and A' = 112 — B2. 

The t--'z mapping transforms the configuration for 
wire above ground into that for a strip of zero thickness 
above a curved ground plane. The 1—qv mapping con-
verts the first configuration into a coaxial system. One 
sees from (50) that the minimum and maximum vertical 
distances between strip and ground are 

h(1 — b2/16h2) and  h. 

(47)  If now b/h is made small, the ground conductor becomes 
straight. 

The point t=j(A—H) goes into w = 0 and the circle 
(48) • I II =B goes into the circle I wl = R with 

R = (H — 4)/B = B/(H ± A). (51) 
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The points C or D in the z or I plane go into cor-
• esPonding points in the w plane with 

up = R exp (j0i), wp = R exp (—j01), tan 01 = A/B. (52) 

• By writing w=p exp (j0), one sees that the equipoten-
ial and flux lines are given by 

x= —Ap(sin 0)(A1+ B1) 

_ B2_ (A+ H)2p2+2Hp(A +//) cos 0 
y= 2(A+ 11) 

where At and B1 are defined by 

= 

B1 = 

Zo = — — cosh-'  — Zo' In — 
2r  e 

1 ( A4  )1/2  BH)  b 
2rh  8/z 

where Zo' corresponds to a uniform field between par-
allel conductors of width b and separation h. This result 
has been published' in terms of capacitance. 
The terminations of flux lines on the ground conduc-

tor are given by 

x  — H cot 0/2,  y  — 11/2.  (58) 

The fraction of power flow bounded by flux lines cor-
responding to ±-01 is given by k =(lr-01)/2r as in Sec-

tion 4. 
Flux lines leaving the strip edges have ground ter-

minations at x.--• —H/2 and, since Or-- --r/2 in this case, 
bound 50 per cent of the power flow. For k=0.75. 0 

(54)  is +r/4 and the bounding flux lines have ground 
terminations at xf,--= +4.8 h. Finally, for k = 0.90, one 
obtains 0 = ±0.1r and xr-r. +12.6h. 

Fig. 11—Conformal mapping for a narrow strip above 
an infinite ground. 

1 

1 ± p2 — 2p cos 0 

B2(A  H)2 

(A 1—B1), (53) 

B'  p2(A  11)4 — 2B2p(A  H)2 cos 0 

Z PLANE 

The flux line from point D leaves horizontally and 
meets the ground conductor at the point D' for which 

(H B)(112 + 11B + B2) 
XD, = 

2H2 + 2BH + B2 

112(11  B) 
YD' = 

2 112 + 2B11 + B2 

For narrow strips, H>>B and (55) reduces to 

xo, — 11/2,  yo, ••=-- — 11/2. 

Since the characteristic impedance Zo is 
under conformal mappings, one has 

(55) 

(56) 

invariant 

(57) 

9. CONCLUSIONS 

In the case of a wire above an infinitely wide ground 
conductor, all results are exact except those for conduc-
tor and dielectric losses. 
Calculations for a wide strip of zero thickness above 

an infinitely wide plane conductor reveal that the char-
acteristic impedance and distribution of power flow dif-
fer to a first order from those that a uniform field would 
yield. The introduction of a small strip thickness or a 
finite ground width (conductor widths large compared 
to their spacing) alters these results slightly. If the 
ground width is greater than three times the strip width, 
it may be considered to be infinite. The introduction 
of a small strip thickness permits the calculation of both 
conductor losses. The case of a narrow strip of zero 
thickness above an infinitely wide plane conductor is 

also considered. 
The above results are not rigorous but remain useful 

for transmission systems that are imbedded in a solid 
dielectric of finite height. Numerical calculations indi-
cate that many of the transmission systems discussed in 
this paper do not have excessive losses, have reasonable • 
characteristic impedances and most of their power flow 
confined to the region between the conductors. They 
appear to be feasible at microwave frequencies. 

I F. E. Terman, "Radio Engineers' Handbook," McGraw-Hill 
Book Co., Inc., New York N. Y., p. 113; 1943. 
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Microstrip Components* 
J. A. KOSTRIZAt, MEMBER, IRE 

Summary—Broad-band microwave components of many and 
varied types may be realized in microstrip construction. Complete 
radio-frequency systems in line-above-ground design are shown to 

be entirely feasible and offer significant advances in economy, size, 
and weight. 

INTRODUCTION 

HERETOFORE RF components in the micro-
wave region have been limited to the metal-
lically enclosed waveguide type of transmission 

line. Open systems such as lecher wires, dielectric-rod 
guides, parallel plane, and G lines have been limited to 
just a few special applications. 

Studies were initiated to develop a new type of micro-
wave transmission line that would be expressly adapt-
able to development of wide-band communication-
power-level components at a reasonable cost. 

Microstrip successfully employs an open system con-
sisting of two parallel conductors, one as a line and the 
other as a ground plane. 

The preceding papers' 2 of this series have presented 
a general descriptive and comparative viewpoint stress-
ing the fundamental simplicity of design and ease of 
construction as well as offering a first-order theoretical 
analysis of the transmission properties of these lines. 
This paper concludes the series with corroborative 

experimental data obtained prior to and during the de-
velopment of microwave components. 

1. ELECTRICAL CHARACTERISTICS 

A. Geometry of the Transmission System 

Three types of lines have been examined in some de-
tail. They are: 
1. Cylindrical conductor suspended above a ground 

plane (wire-above-ground). 
2. Narrow ribbon conductor separated from the 

ground plane by a dielectric material (strip line). 
3. Similar to 2 but with the strip immersed in the 

dielectric (dielectric-sandwich line). 
On the basis of simple skin-depth considerations, 

printed circuit techniques may be used to produce a 
conducting ribbon of sufficient thickness. Transverse 
and longitudinal cross sections of these types appear in 
Fig. I. 

* Decimal classification: R117 XR423.17XR310. Original manu-
script received by the Institute on May 22,1952; revised manuscript 
received October 8, 1952. Presented at the National Convention of 
the Institute in New York, N. Y., March 5,1952. 
1' Federal Telecommunication Laboratories, Inc., Nutley, N. J. 
D. D. Grieg and H. Engelmann, "Microstrip—a new transmis-

sion technique for the kilomegacycle range," PROC. I.R.E., vol. 40, 
pp. 1641-1650; December, 1952. 

2 F. Assadourian and E. Rimai, "Simplified Theory of Microstrip 
Transmission Systems," PROC. I.R.E., vol. 40, pp. 1651-1657; De-
cember, 1952. 

The ground conductor is a sheet of high-conductivity 
metal such as copper, silver, or aluminum. In wire lines, 
the line conductor is a cylinder that may be completely 
or partially immersed in a dielectric. If the dielectric is 
solid and is in contact with the ground plane and the 
wire, the preservation of proper spacing is assured. 
When air spacing is required, bead supports may be used. 
In the case of strip lines, the line conductor is a thin 

narrow ribbon of metal either cut from sheet or de-
posited. Conductor thicknesses of approximately 1 to 5 
mils have proved to be adequate. 

VoRE AHOvE 
GROUND 

0 
LINE CONDUCTOR 

///////////////l /////////////1/1/ 

LINE CONDUCTOR 

DIELECTRIC   
P"INTED LINE /)///////// j/ /)//////////// 

DIELECTRIC 
SANDWICH LINE 

Fig. I—Open transmission lines of the microstrip type. 

The dielectric, which is used as a separating medium 
between the ground plane and the ribbon or strip, should 
have fairly flat surfaces; otherwise, the homogeneity of 
the dielectric may be upset by inclusion of air pockets. 
Slight irregularities are not too serious as regards power 
transfer. However, in making vswr measurements, er-
ratic readings are directly traceable to such a condition 
and it becomes rather difficult to obtain extremely good 
correlation in phase-wavelength measurements, for ex-
ample, over a wide frequency band because, in general, 
the voltage minima positions change with frequency. 
The dielectrics actually used have been polystyrene 

and laminated phenolic plastics (Dilecto XXXI3-22). 
Fibrous sheet materials impregnated with a thermoset-
ting resin (Synthane GLF and others) have had limited 
use because of excessive attenuation. 

B. Measuring Instruments 

The fundamental piece of microwave test equipment 
is the standing-wave detector. Two different models 

were made for this work, the slot type and the over-
head type. 

The slot type consists of an accurately ground plate 
with a narrow longitudinal slot to receive an exploring 
coaxial probe. The plate serves as the ground plane for 
wire and strip lines. In use, it is assumed that the slot 
does not appreciably alter the external RF field struc-
ture nor does it much influence the impedance or phase 
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avelength of the line. To a first order, this is un-
oubtedly true provided the ratio of slot width to line-

3nductor width is small. 

dures were resorted to in evaluating the phase wave-
length (or guide wavelength) of these lines as a function 
of operating frequency, line-conductor width, dielectric 
constant, and the separation between line and ground 

conductors. 
Fig. 3 shows the variation of X, for some printed lines 

over the 4400-to-5000-mc band. 
Comparison of the curves yields the following in-

formation: 
1. For an air-dielectric wire-above-ground line, X, = Xo. 
2. For a given width of line conductor, X, decreases as 

the thickness of the dielectric increases. 
3. For a given thickness of dielectric, X, decreases as 

the width of the line conductor increases. 
4. For a given thickness of dielectric and line-con-

ductor width, X, decreases as the dielectric constant of 

the material increases. 
5. The ratio of X0/X„ is not equal to e112 , where e is 

the value of the dielectric constant of the dielectric layer 
(measured either at low or high frequency). 

Fig. 2—Overhead type of standing-wave detector. 

Fig. 2 shows the overhead type of deteLtor used in 
conjunction with a dielectric-sandwich test line. The 
probe is accurately positioned in air in the vicinity of 
the line conductor, the line section under test being pro-
vided with its own ground plane. An advantage of this 
type of instrument is that the ground plane is not 

mutilated in the least. 
Both types of instruments were used for phase-wave-

length studies and impedance measurements. Precise 
comparative data have not been taken. In connection 
with relative advantages or disadvantages of one type 
over the other, it should be mentioned that queer effects 
have been observed when the slot is not symmetrically dis-
posed with reference to the line conductor. Air pockets 
in strip lines, presumably unsymmetrically disposed to 
the slot, may cause radiation out of the slot. In attenu-
ator designs, it was observed that dissymmetry above 
a slot may cause leakage or radiation, whereas the same 
type of dissymmetry over a solid ground plane may not 
necessarily produce such effects. 

C. Phase Wavelength 
In the theory paper,' TEM propagation is assumed in 

which case low-frequency approximations are admis-
sible. A basic prerequisite for such realizability is that 
the dielectric in which the conductor is imbedded be 
completely homogeneous.' The printed and dielectric-
sandwich lines are obviously nonhomogeneous and, 
therefore, must depart from TEM behavior. 
A practical complication is introduced by the fact 

that in a composite-dielectric case, very little is known 
about the value to be assigned to the "equivalent" di-
electric constant. Consequently, experimental proce-

S. Ramo and J. R. Whinnery, "Fields and Waves in Modern 
Radio," John Wiley and Sons, Inc., New York, N. Y., p. 353; 1944. 
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Fig. 3— Wavelength of the propagation along a printed line (phase 
wavelength) plotted against frequency. The upper curve is for a 
wire above ground plane in air and corresponds to Xo. The dielec-
trics are polystyrene = P, XXXP22 Dielecto =D, G-6 Formica 
=G6, and Synthane=GLF. 

The printed line then departs from pure TEM be-
havior. But to what extent? A rough comparison may be 
made on the basis of per cent departure of observed X, 
to the theoretical norm or ideal, XTENI. In the case of 
an infinite-extent polystyrene dielectric, the phase wave-
length, Xo, for TEM transmission would be as shown in 
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the TEM curve of Fig. 4. This curve, serving as the norm 
for the 4400-to-5000-mc band, holds irrespective of the 
conductor geometry. On this basis, the printed-line 
characteristic is 14 per cent off. 

50 

3.5 

PRINTED LINE 

PL+I 

PL+3 

TEM 

PL+2 

4400 4600  4800 

FREQUENCY IN MEGACYCLES 
5000 

Fig. 4—Phase wavelength plotted against frequency for polystyrene 
printed lines having a strip conductor 0.220-inch wide and a di-
electric spacing of 0.063 inch. The computed equivalent dielectric 
constants (X0/1.01 are e(PL)=-11.97, e(PL-1-1).--=2.16, e(PL+2) 
•=z-- 2.21, and e(PL+3)P--.2.25. 

From other sources,' if a composite-dielectric coaxial 
line may be used for pattern-behavior predictions for 
the printed line, it would appear that as the composite-
dielectric region is filled more and more with dielectric, 
the ratio of (Xo/X9)2 should approach an e value de-
termined by the dielectric layer only, i.e., the wave struc-
ture should approximate TEM behavior closer and 
closer. This tendency was verified by observations on 
the dielectric-sandwich type of line. Again referring to 
Fig. 4, the curve marked (PLA-3) shows 6-per cent 
departure from TEM behavior. (PL+3 means the 
original printed line plus 3 layers of polystyrene on top 
to form a dielectric-sandwich line.) 
Identical conclusions are reached on the basis of an 

equivalent dielectric constant for  a composite-
dielectric line. If e (equivalent) is defined as (Xo/X.)2, 
Fig. 4 shows that it increases with increasing over-lying 
layers of dielectric and presumably would eventually 
approach e (polystyrene), a value of 2.55. 

D. Dispersion 

An item of interest is dispersion,' a measure of fre-
quency-rate-of-change of (X0/X0) for printed and di-

1.5 

1.4' 

1 3 

'  P1+2 
- 

PL+I 

PL 

2 4 6 10 
FREQUENCY IN KILOMEGACYCLES 

Fig. 5—Phase wavelength plotted against frequency for a strip line 
having a conductor 0.220-inch wide and polystyrene spacing of 
0.063 inch. 

4 J. A. Kostriza, "The Composite Coaxial Line," Master's Thesis, 
Brooklyn Polytechnic Institute, Brooklyn, N. Y.; 1949. 

6 L. Page, "Introduction to Theoretical Physics," D. Van Nos-
trand Co., Inc., New York, N. Y., 2nd ed., p. 250; 1935. 

electric-sandwich lines. To this end, a series of measure-
ments were made over a 5-to-1 frequency range for 
strips having widths of 0.110, 0.220, and 1 inch. One set 
of curves is shown in Fig. 5. For all practical purposes,. 
the variation may be considered a constant to a first' 
order over a band of frequencies extending from 2000 to 
10,000 mc. 

E. RF Impedance 

Another item of importance is the relative RF im-
pedance of a section of line, especially for construction 
of hybrids, tees, and the like. No means has as yet been 
devised to measure this quantity directly. Indirect 
methods,' which are used in evaluating sharply defined 
discontinuities, may lead to profitable results. Pre-
liminary attempts have not led to reliable data, how-
ever. 
So far for printed lines, the relative RF impedance 

has been assumed to be inversely proportional to line-
conductor width. Hybrid rings have been successfully 
fashioned, but observations are limited to a conductor= 
width range from 0.110 to 0.220 inch. The behavior for 
other widths cannot be predicted with certainty. 
In the case of a wire-above-ground line completely 

imbedded in air, RF component designs based on the 
characteristic-impedance formula given by electro-
static considerations have proved successful, although 
observations are limited to 50-to-70-ohm line sections 
with 1- and A-inch line conductors. 
In connection with Fig. 5, a word might be added 

about the absolute characteristic impedance of strip 
lines at radio frequencies. As is well known, the quantity 
X9/X0 plays an important part in determining Zo, the 
characteristic impedance. Since (X0/X.) versus frequency 
is a constant (over the band shown), then Zo may be 
expressed as some constant divided by C, where C is 
the capacitance per unit length. It yet remains to be 
definitely established that C remains invariant as a func-
tion of frequency. Therefore, the characteristic im-
pedance evaluated at low frequency and by low-fre-
quency techniques may be held in question at high 
frequency. 

F. Attenuation versus Width of Ground Plane 

To study the effects of width of ground plane, a 50-
ohm, 1-inch wire-above-ground air line with brass con-
ductors was selected. Since the attenuation of a 12-inch 
length of line could not be measured with any degree 
of accuracy at 4700 mc, only the per cent change in 
transmitted power was recorded as a function of width 
of ground plane. The transmitted power increased by 
approximately 21 per cent when the width of ground 
plane was changed from 2 to 5 times the line-conductor 
diameter. 

• N. Marcuvitz, "Representation and measurement of waveguide 
discontinuities," PROC. I.R.E., vol. 36, pp. 728-735; June, 1948. 



' 1952 Kostriza: Alicrostrip Components  1661 

vswr of 1.33 over the complete band, being poorer than 
the previously described unit in comparison with 1.5 

for the previously described unit. 

. Summary 

At this point the highlights may be summarized. 
1. Air-dielectric wire-above-ground type of line oper-

a ates essentially in the TEM mode. 
2. Strip and dielectric-sandwich lines for some ap-

plications may be approximated to TEM behavior. 
3. The width of the ground plane required is not 

excessive. 
2. RF COMPONENTS 

The components to be discussed have been developed 
for communication power levels in the 5000-mc region. 
Transitions to coaxial line, crystal holders, loads and 

pads, directional couplers, and hybrid structures are 
practical in wire, printed, and dielectric-sandwich types 
of line. Only representative structures are presented, 
since space does not permit illustration of each type. It 
should be noted that the results presented are not neces-
sarily the optimum that may be realized. 

A. Transitions to I-Inch 50-Ohm Coaxial Line 

Wide-band transitions have been designed to operate 
in the 4400-to-5000-mc band from f-inch coaxial line 
to wire, printed, and sandwich lines. 

T
.
0 /1/ 0/ M M/// CONDUCTING PLANE 

.024 INCH  BEAD  ye-INGN coNDucTOR 

Fig. 6--Straight-through transition for a wire-above-ground 
and a coaxial line. 

Fig. 6 shows a straight-through transition from a 
50-ohm wire line. When the coaxial line is terminated 
in a matched load, the input vswr on the wire system 

BEADS 

GROUND 
PLANE 

Fig 7—Right-angle transition for a wire-above-ground 
and a coaxial structure. 

0 085 

is less than 1.5 over the band, the average value being 
about 1.2. Preliminary measurements indicate that the 
discontinuity susceptance at the junction of the two 
lines is essentially inductive and that transmission-line 
matching techniques may be used. The dielectric bead 
at the junction of the two lines is used as a rigid support 
and as a matching element. 
A second type of transition from wire to coaxial is 

shown in Fig. 7. In this unit, the coaxial line forms a 
right angle with the wire line. This transition has a worst 

PRINTED METAL STRIP 

GROUND 
PLANE 

3 
-INCH 50-OHM 
COAXIAL LINE 

Fig. 8—Transition for a printed line and a coaxial line. 

Two types of transitions have been developed for 
printed lines, both using XXXP-22 material as the 

dielectric. 
The first type, which contains an integral dc return 

path between the line and ground conductor, is shown 
in Fig. 8. This unit was developed for narrow-band 
applications and has not been checked over a wider 
band than required. From 4750 to 5000 mc, the meas-

ured vswr is less than 1.2. 

xxxP-22 

Fig. 9—Transition for a printed line and a coaxial line. 

A second type, shown in Fig. 9, was tested over the 
total band. The two types differ in the manner in which 
the short section of printed line is terminated past the 
junction of the printed line and the coaxial line. In this 

case, the printed line is open-circuited. The 4).„ termina-
tion and iris dimensions in the ground plane are 
the broad-banding elements. For a 0.220-inch-wide 
strip, the vswr is less than 1.20 over the band. Similar 
constructions are used and similar results are realized 
for polystyrene printed-type transitions. 
A transition to a polystyrene sandwich line is shown 

in Fig. 10. This unit varies its vswr from 1.08 to 1.35 

at the band edges. 

B. Attenuator Pads and Loads 

Specific designs are given for wire-above-ground ap-
plications to pads and loads because observations were 
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made over a wide band of frequencies for only this type. 
Printed-line pads and loads have been made, but ob-
servations are limited to spot frequencies and w ill 
therefore not be included. 

POLYSTYRENE 

- COPPER STRIP 

GROUND PLANE' 

28"-INCH  50-OHM 

COAXIAL LINE 

Fig. 10—Transition for a sandwich line and a coaxial line. 

The dielectric used as the lossy medium is Synthane 
L-564, which is obtainable in a wide variety of sheet 
thicknesses. 
A transverse cross-sectional view of a variable at-

tenuator is shown in Fig. 11. Synthane L-564 standard 
sheet thicknesses of 1-'6, I, and  inch were found 
adaptable. The flap-type attenuator depicted may be 
made variable by controlling the dimension h. For unit 
longitudinal length, maximum attenuation is a func-
tion of t, w, W, and 0, when h= 0. Increasing the longi-
tudinal length of the sheet increases the attenuation. 

b-INCH CONDUCTOR — , 

CONDUCTING PLANE 

f SYNTHANE SHEET 

GOOD 
CONTACT AT 
FULCRUM 

Fig. 11—Variable attenuator for a wire-above-ground 
transmission line. 

In general, this type of attenuator may have a tend-
ency to radiate out of the open end of the triangle, radia-
tion decreasing with decreasing angle 0. A shield may 
be used to minimize the effect on neighboring circuits. 
Increasing the longitudinal length of attenuators will 

naturally produce matched loads. For strip lines, a 
much easier method of fashioning a load is simply to 
taper the leading edge of a thin sheet of Synthane. This 
is such an obvious solution that sketches are entirely 
extraneous. 

C. Crystal Mounts 

Wide-band crystal mounts have been designed for 
wire-above-ground, printed, and sandwich-type lines. 
A crystal holder or mount for wire-above-ground was 

designed to operate over the 4400-to-5000-mc band 
with an input vswr of less than 2, using Sylvania 
1N21-13 crystals. The operating conditions are a 50-to-
100-ohm load resistance and a rectified current of  ma. 
A longitudinal cross section of the unit is shown in Fig: 
12. The dc return path must be provided in the RF cir-
cuit external to the crystal mount. 
A right-angle unit, similar to Fig. 7 in external ap-

pearance only, has a frequency characteristic similar to 
that of the mount shown in Fig. 12. 

3" viNCH ouT s!DE• DIAMETER LINE 

1-INCH CONDUCTOR 

• 50•OHM LINE 

CONDUCTING PLANE 

MATCHING BEAD 

BYPASS 

OUTPUT 

CRYSTAL 

Fig. 12 -Wide-band fixed-tuned crystal mount for a 
wire-above-ground transmission line. 

Fig. 13 illustrates a longitudinal section of a crystal 
mount in a 0.220-inch dielectric-sandwich line. As in 
transitions, tk, terminations and iris dimensions are 
useful broad-banding elements. The vswr is less than 
1.5 over the complete band for a dozen somewhat-
selected 1N23-B crystals. This is a fixed-tuned unit. 

m19/2 

COPPER 
POLYSTYRENE 

Fig. 13—Crystal mount for a dielectric-sandwich line. 

D. Directional Couplers 

Two basic types of directional couplers have been 
examined to a limited extent, specifically, a two-probe 
and a long-slot equivalent. Work on directional couplers 
has been limited to establishing feasibility of use of 
structures only and not to optimizing directivity or de-
sign for a particular value of attenuation. 

1. Two-Probe Type. Very briefly, a two-probe coupler 
is an arrangement whereby two probes, when similarly 
point coupled into a transmission line but separated by 
some fraction of a wavelength, are further so inter-
connected that the resultant destructive wave interfer-
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cnce in the probe lines results in directional properties.' 
The plane view of a quarter-wave double-probe direc-
ional coupler is shown in Fig. 14. It is a forward-
•oupling type. With the dimension X set for maximum 
•Iirectivity at 4700 mc, crystal current A was sub-
;tantially zero from 4400 to 4800 mc, indicating a sub-
itantial value of directivity. 

4 

AUXILIARY ARMS 

MAIN LINE 

CRYSTAL D 

CRYSTAL A DIRECT-CURRENT 

Rg YISRTALFr 

Fig. 14—Two-probe type of directional coupler. 

2. Long-Slot Type. A long-slot coupler is formed when 
two transmission lines are coupled uniformly along 
their longitudinal dimension, either by a rather long 
slot (as a waveguide) or by leakage or mutlial coupling. 
Theoretically, a half-wave uniformly coupled line should 
display directional properties. This was verified on a 
u ire-above-ground line and on a polystyrene printed 

line. 
The half-wave coupler was extended to a length ap-

proximately 6 wavelengths, a long-line coupler. A poly-
styrene printed-line was used. When tested over the 
entire band (4400 to 5000 mc) the lowest directivity 
observed was 6 db, the highest directivity being of the 

order of 10 db. 

E. Hybrid Ring Structures 

Fig. 15 illustrates the comparative simplicity of wire-
and strip-type construction of ring circuits of the 
parallel-connection type.8 
Coaxial-line design techniques have been successful, 

as regards quarter-wave spacings and ratios of arm and 
ring impedances. Note the narrower width of ring strip 

in comparison with the side arms. 
In the wire case, with the ring terminated in crystal 

mounts and load as in a balanced mixer, the crystal 
response was strikingly close as the frequency was varied 
over the band. Strip units have not been checked over 
the complete band. Some at center design frequencies 
gave vswr of the order of 1.05 to 1.10. 

F. Shunt-T Junction 

Junctions with three arms in which the branching 
takes place in the II plane is termed an H-plane T 

7 C. G. Montgomery, "Technique of Microwave Measurements," 
McGraw-Hill Book Co., Inc., New York, N. Y., Chap. 14; 1947. 

8 W. A. Tyrrell, "Hybrid circuits for microwaves," PROC. I.R.E., 
vol. 35, pp. 1294-1306; November, 1947. 
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Fig. 15—The familiar rat race in wire-above-ground and 
strip forms compared with the coaxial type. 

junction. At low frequencies, the junction is a shunt 

junction. 
Fig. 16 illustrates a right-angle type of power divider. 

When power is fed into A or B, with the other arms 
terminated, it was found that both arms received power 
though, in general, not in equal amounts. This division 
of power can be controlled for a given thickness t of the 
auxiliary ground plane by varying the opening radius R. 

AUXILIARY LINE 

MAIN 
LINE 

Fig. 16—Power divider. 

GROUND 
PLANE 

When R was adjusted for approximately equal power 
split between B and C or A and C, a movable short-
circuit on B could be so positioned that the power in C 
was either a maximum or very nearly zero. For the 
condition of (almost) zero power transfer into arm C, 
an impedance measurement in the two sections, A-to-
junction and junction-to-B, gave an almost coincident 
short circuit at the junction, indicating that the junction 
is an equivalent shunt-T junction. The measurement 
was performed at 4700 mc. The location of actual 
planes for the equivalent circuit has not been attempted 
nor has the frequency sensitivity of the structure been 

examined. 
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A Telemetering System for a Large 
Electrostatic Accelerator* 

C. W. JOHNSTONEt, SENIOR MEMBER, IRE, J. F. KALBACHT, SENIOR MEMBER, IRE, AND 
H. J. LANGt, ASSOCIATE, IRE 

This paper is published with the approval of the IRE 
Professional Group on Radio Telemetry and Remote Con-
trol.—The Editor 

Summary—A telemetering system is described for controlling 
and monitoring the ion source, focusing, and belt charging in the 
high-voltage electrode of the large dc electrostatic accelerator near-
ing completion at Los Alamos. Time-modulated pulsed light beams 
are the transmission media from grounded electrode to high-voltage 
electrode and provide 16 independent channels. 

ONE OF THE PROBLE MS associated with the 

operation of an electrostatic accelerator of the 

Van de Graaff type is that of controlling and 

monitoring the ion source, focusing electrodes, and the 

down-run belt charging power supply located in the high-

voltage electrode. Obviously, the use of isolating trans-

former circuits becomes impractical when the high-volt-

age electrode is to operate at millions of volts dc with 

respect to ground. 

Nigh Volute, Electrode  I 

Ground Potential Electrode 

Control Room 

Yttio 

I 

Fig. 1—Cut-,may Sketch of 12-inev Van de Graaff 
installation at Los Alamos. 

A common solution which has been used on a number 

of electrostatic accelerators is to provide control strings 

or rods made of insulating material between the high-

voltage electrode and ground. These may be moved by 

hand or through a Selsyn system to actuate rheostats, 

variacs, or mechanical screw adjustments located in the 

high-voltage head. The number of control strings or rods 

can be reduced to two by using one to select a function 

• Decimal classification: 621.375.616. Original manuscript re-
ceived by the Institute, November 19, 1951. Presented at the IRE 
Seventh Region Conference of 1951 at the University of Washington. 
Work done under the auspices of the A.E.C. 
f University of California, Los Alamos Scientific Laboratory, Los 

Alamos, N. M. 
William Miller Corp., 325 N. Halstead Ave., Pasadena 8, Calif. 

and the other to control the selected function. The con-

trolled voltages, currents, and mechanical movements 

are then usually monitored through a telescope focused 

upon the desired instruments in the high-voltage elec-

trode. 

One difficulty with such a simple system foe high-volt-

age accelerators is that of placing the telescope where 

the operator can see the instruments in the electrode, 

and still permit the operator to be adequately shielded 

from radiation produced by the machine or an experi-

mental target. Another difficulty arises in controlling 

more than one function at a time or controlling a func-

tion very quickly. Consequently, in the planning of a 

12-mevl electrostatic accelerator at Los Alamos, N. M., 

CONTROL ROOM 
CONSOLE 

CONTROLS 8 METERS 

16 
CHANNEL 
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MODU-
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16 
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RECVR 
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PULSE 
TRANSMITTER 

400 CYCLE 
BELT DRIVEN 
GENERATOR 

Ill 
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r  I I -1 

TIMER 
CODER 
MODULATOR 

XMTR 

LIGHT 
PULSE 

RECEIVER 

CONTROL ROOM 

 100 HP 
CHARGING BELT 
DRIVE MOTOR 

ACCELERATOR BUILDING 

Fig. 2—General arrangement for telemetering of 
12-mev Van de Graaff. 

1 This machine is called a 12-mev accelerator because its general 
design does not preclude eventual attainment of such a potential dif-
ference. However, accelerating tube breakdown has limited maximum 
operating voltage to 5 mev. 
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t appeared desirable to develop a telemetering system 
vhich would permit rapid and continuous control and 
nonitoring of all desired currents, voltages, and me-
:hanical positions from a control desk located in a safe 
'-emote location. See Fig. 1. 
After investigating the use of radio, light, and ultra-
ionic communication links between the high-voltage 
!lectrode and ground, a modulated light beam was se-
ected and developed for the purpose. 
Fig. 2 illustrates the use of the two light-beam links 

for both control and monitoring. In most respects, the 
tink from the control room to the high-voltage electrode 
is similar to the return link, so one description will suf-
fice for both links. 
The transmitting end of each link contains a timer, a 

coder, and 16 modulated delay circuits, or channels. As 
indicated in Fig. 2, input signals are supplied to the 16 
channels, which control a series of time-modulated 
pulses. These, together with four double-pulse codes, are 
transmitted as intensity modulation over a light beam. 
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The phototube receiver reconverts the light-beam pulses 
into electrical pulses which are then amplified and 
sorted in a decoder, according to code groups, polarity, 
and sequence. Finally, the separated signals are demod-
ulated to give output signals corresponding to the 16 in-
put signals. 
Fig. 3 is a list of the control and monitoring functions 

performed by the two light-beam links. The functions of 
the control link utilize only about half the 16 channels, 
whereas the monitoring channels are nearly all used, 
even with the multiplex feature which permits two me-
ter readings to be transmitted on a single channel. As 
the development of the Van de Graaff machine pro-
ceeds, it is expected that fewer functions will need to be 
controlled and monitored remotely. Thus, the trend 
should be toward simplicity rather than toward more 
and more complication. 
Figs. 4 through 9 are photographs which show the 

telemetering system as it is used with the Van de Graaff 
machine at the present stage of development. (See page 
1667 for Fig. 9.) 

Fig. 4—General view of control room for Los Alamos 
12-mev Van de Graaff. 

Fig. 5—Close-up view of control-room end of 
telemetering system. Fig. 3(b)—Monitoring link channel functions. 
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A Telemetering System for a Large 
Electrostatic Accelerator* 

C. W. JOHNSTONEt SENIOR MEMBER, IRE, J. F. KALBACHT, SENIOR MEMBER, IRE, AND 
H. J. LANGt, ASSOCIATE, IRE 

This paper is published with the approval of the IRE 
Professional Group on Radio Telemetry and Remote Con-
trol.—The Editor 

Summary—A telemetering system is described for controlling 
and monitoring the ion Source, focusing, and belt charging in the 
high-voltage electrode of the large dc electrostatic accelerator near-
ing completion at Los Alamos. Time-modulated pulsed light beams 

are the transmission media from grounded electrode to high-voltage 
electrode and provide 16 independent channels. 

ONE OF THE PROBLEMS associated with the 
operation of an electrostatic accelerator of the 
Van de Graaff type is that of controlling and 

monitoring the ion source, focusing electrodes, and the 
down-run belt charging power supply located in the high-
voltage electrode. Obviously, the use of isolating trans-
former circuits becomes impractical when the high-volt-
age electrode is to operate at millions of volts dc with 
respect to ground. 

High Holing, Electrode 

Ground Potential Elertrode 

Control Room 

Fig. 1—Cut-tway Sketch of 12-mev Van de Graaff 
installation at Los Alamos. 

A common solution which has been used on a number 
of electrostatic accelerators is to provide control strings 
or rods made of insulating material between the high-
voltage electrode and ground. These may be moved by 
hand or through a Selsyn system to actuate rheostats, 
variacs, or mechanical screw adjustments located in the 
high-voltage head. The number of control strings or rods 
can be reduced to two by using one to select a function 

• Decimal classification: 621.375.616. Original manuscript re-
ceived by the Institute, November 19, 1951. Presented at the IRE 
Seventh Region Conference of 1951 at the University of Washington. 
Work done under the auspices of the A.E.C. 
t University of California, Los Alatnos Scientific Laboratory, Los 

Alamos, N. M. 
t William Miller Corp., 325 N. Halstead Ave., Pasadena 8, Calif. 

and the other to control the selected function. The con-
trolled voltages, currents, and mechanical movements 
are then usually monitored through a telescope focused 
upon the desired instruments in the high-voltage elec-
trode. 
One difficulty with such a simple system for high-volt-

age accelerators is that of placing the telescope where 
the operator can see the instruments in the electrode, 
and still permit the operator to be adequately shielded-
from radiation produced by the machine or an experi-
mental target. Another difficulty arises in controlling 
more than one function at a time or controlling a func-
tion very quickly. Consequently, in the planning of a 
12-mev' electrostatic accelerator at Los Alamos, N. M., 

CONTROL Room 
CONSOLE 

CONTROLS 8 METERS 

16 
CHANNEL 
TIMER 
CODER 
MODU-
LATOR 

16 
CHANNEL 
DECODER 
DETECTOR 
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DETECTOR — 

RECVR 
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BELT DRIVEN 
GENERATOR 

TIMER 
CODER 
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• )*--' 

LIGHT 
PULSE 
TRANSMITTER 

%MIR 

  LIGHT 

INS PULSE 
-RECEIVER 

CONTROL  ROOM 

 100 HP 
CHARGING BELT 
DRIVE MOTOR 

ACCELERATOR  BUILDING 

Fig. 2—General arrangement for telemetering of 
12-mev Van de Graaff. 

1 This machine is called a 12-mev accelerator because its general 
design does not preclude eventual attainment of such a potential dif-
ference. However, accelerating tube breakdown has limited maximum 
operating voltage to 5 mev. 
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it appeared desirable to develop a telemetering system 
which would permit rapid and continuous control and 
monitoring of all desired currents, voltages, and me-
chanical positions from a control desk located in a safe 
remote location. See Fig. 1. 
After investigating the use of radio, light, and ultra-

sonic communication links between the high-voltage 
electrode and ground, a modulated light beam was se-
lected and developed for the purpose. 
Fig. 2 illustrates the use of the two light-beam links 

for both control and monitoring. In most respects, the 
link from the control room to the high-voltage electrode 
is similar to the return link, so one description will suf-
fice for both links. 
The transmitting end of each link contains a timer, a 

coder, and 16 modulated delay circuits, or channels. As 
indicated in Fig. 2, input signals are supplied to the 16 
channels, which control a series of time-modulated 
pulses. These, together with four double-pulse codes, are 
transmitted as intensity modulation over a light beam. 

CC8TPOL  CNANNI:L r' ACI.ONS 

:.....A..NTL SIONAL ruNCT108 

II L0- SP.PE  PULA , - 

IS 40- 
SP 

400- 

c...ek.1( PANEL ',ETC.'S 

7(.0 C. ru,L  S0PLE 

tC 0.0 C'.. 94 , UN SDP .' C3N,DOL 

10 4S- 
CP 
L0S- 

C:C1:L.T,OP PL O(  PELP1 

CA  SPAP( 0ELA• 

(OP LCPEP)  P8 , Or 4 ru8CT,ONS 

SELECTED 81, CNANNEL 28 

28 

8:  Sr AAL F. StlirE PD  AC VOLY ,5( 

40-  SCPEEN vOLTP0E 

L0S- STIPP( 

40. ,00- 8EGATIrE PPOBE  80 0A:A 

20 400- 
OP 
L . LC) 

pAISE  (OP ,C,PEPI  •MT Cr  4 ru KTIC8S 

SELECTED BY CAANNEL  2 0 

20 

MD W AAL LEA. .(ATED vuLTP:( 

40- tocke,  yCLT ,SE 

4:0- soap( 

40 • L01- ¶911P( 

3' 
:e 
:T. 

4 SPADE CmANNELS 

LP 
48 
4: 
CO 

4 ',PAD( •,•••••••, CI 

Fig. 3(a) —Control link channel functions. 
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The phototube receiver reconverts the light-beam pulses 
into electrical pulses which are then amplified and 
sorted in a decoder, according to code groups, polarity, 
and sequence. Finally, the separated signals are demod-
ulated to give output signals corresponding to the 16 in-
put signals. 
Fig. 3 is a list of the control and monitoring functions 

performed by the two light-beam links. The functions of 
the control link utilize only about half the 16 channels, 
whereas the monitoring channels are nearly all used, 
even with the multiplex feature which permits two me-
ter readings to be transmitted on a single channel. As 
the development of the Van de Graaff machine pro-
ceeds, it is expected that fewer functions will need to be 
controlled and monitored remotely. Thus, the trend 
should be toward simplicity rather than toward more 
and more complication. 
Figs. 4 through 9 are photographs which show the 

telemetering system as it is used with the Van de Graaff 
machine at the present stage of development. (See page 
1667 for Fig. 9.) 

Fig. 4—General view of control room for Los Alamos 
12-mev Van de Graaff. 

Fig. 5—Close-up view of control-room end of 
telemetering system. Fig. 3(b) —Monitoring link channel functions. 
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Fig. 6—Insulating column and high-voltage electrode of Los Alamos 
12-mev Van de Graaff. 

PULSE TIME MODULATION 

Before describing a 16-channel system in detail, the 
basic operation may be more easily understood by con-
sidering a single-channel system using the same princi-
ple of operation for the transmission of data (Fig. 10). 
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DELAY 
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DETECTOR 

• I 
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/777777 , 
\ ,  
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Fig. 10— Simplified tele metering syste m using 
pulse-ti me modulation. 

Two pulses are required for the single channel, a trig-
ger pulse and a delayed pulse, repeated continuously at 
some repetition rate. The two pulses must be distin-
guishable in some way; for instance, they may be of dif-
ferent amplitudes or widths, or as shown, of opposite 
polarity. The interval or "delay" between the two pulses 
may be made a linear function of an input modulating 
voltage. 

Fig. 7—Telemetering installation in high-voltage electrode of Los 
Alamos 12-mev Van de Graaff. 

Fig. 8—Telernetering installation in high-voltage electrode 
with chassis open for servicing. 
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Fig. 9—Light-beam transmitter and receiver units for telemetering system of Los Alamos 12-mev Van de Graaff. 

After transmission over a modulated light beam, the 
pulses may be amplified, separated, and used to control 
flip-flop circuit in such a way that a square wave of 
voltage is generated, whose duration corresponds to the 
ielay between the two original pulses. From the square 
wave, a sawtooth wave is generated, and th., latter ap-
plied to a peak detector and filter. The output is a rela-
tively steady voltage which will reproduce any changes 
,n the input or modulating voltage. 
In order to expand such a simple sytem to carry a 

number of pieces of information over a single light beam, 
some means must be employed for identifying all the 
pulses at the receiving end. It was desirable to devise a 
system in which if one channel fails because of a defect 
at either end of the system, all other channels will in 
general continue to operate properly. 
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Fig. 11 —Code and channel pulse-timing diagram. 

Fig. 11 shows the sequence of pulses which are em-
ployed in the 16-channel system. Pulse spacing and po-
larity are used for identifying the different channels. 
Four different double-pulse "codes" are employed as 
triggers, each of which identifies a group of four chan-
nels. The four channel pulses following each identifying 
code are alternately positive and negative, and the delay 
times of pulses of the same polarity in a given group are 
sufficiently different to be separately distinguished by 
flip-flop circuits having different resolving times. 
The pulses as transmitted by the glow tube have an 

effective width of about 2 µsec. Positive pulses cause an 
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increase in light intensity, and vice versa. The spacing 
of the two pulses in each code pair is 3 µsec., and the 
separation of different code pairs is 100 µsec. The entire 
cycle of 16 channels and 4 code pairs is repeated 2,500 
times per second. 
Limits are set on the movement of each channel pulse 

to allow a ratio of maximum to minimum delay time of 
1.5/1, measured from the first pulse of the corresponding 
code pair. The pulse-exclusion regions are chosen so that 
if channel and code pulses vary in timing by 21 per cent 
no pulses other than the code pairs will ever be closer to-
gether than 5 µsec. This is necessary to avoid "false-
code" pairs which would seriously interfere with the 
proper decoding sequence. 

TRANSMITTING END 

Fig. 12 is a block diagram of the transmitting end of 
the 16-channel system. Reference may be made to the 
individual circuit diagrams for further details (Figs. 13-
17 inclusive). 

Timer 

The timing circuit is a twin phantastron oscillator. 
Each half "runs down" for 100 µsec. while the other half 
is recovering. A scale-of-two frequency divider is trig-
gered by the oscillator. Outputs of both phases are taken 
from both circuits and mixed in four different combina-
tions at the grids of four separate pulse-forming stages. 
Thus, for each cycle of operation of the timer, four sepa-
rate "trigger" pulses are generated and brought to sepa-
rate outputs. The timer generates a total of 10,000 

0 N  N 

4-30 
40 

5 KC CROSS-COUPLED  FLIP-FLOP 
PNANTASTRON OSC. 

equally spaced pulses a second, but only 2,500 per sec-
ond appear at a given output terminal. Each output 
serves to trigger a group of four phantastrons, and also 
operates the coder to make a characteristic double-pulse 
"code pair." 

Coder 

A positive pulse applied to any one of the four inputs 
to the coder will produce one of the double-pulse "codes" 
by the process of mixing an undelayed and a delayed 
pulse. The four different characteristic "codes" are pro-
duced by mixing selected polarities of undelayed and 
delayed pulses. Unity gain stages are used to obtain in-
verted pulses. Mixing of all the desired delayed and un-
delayed pulses is accomplished at the output end of a 
single delay line which is both fed and terminated by the 
proper impedance to prevent reflections. A 3-µsec line of 
the helical-wound coaxial type is used. 

Modulated Delay Circuits 

A phantastron delay generator is used for each of the 
16 channels. Each of the four trigger pulses from the 
timer is applied to a group of four phantastrons. The 
output pulses from the phantastrons occur in sequence, 
corresponding to pulses A, B, C, and D in Fig. 11. A 
modulator circuit is used to control the "run-down" 
time of each phantastron so that the resulting delay is 
a linear function of the input voltage throughout the 
useful range. 

It was possible to standardize most of the input sig-
nals to correspond to a range of zero to plus 10 volts. 
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This input voltage range causes the phantastron delay 
:0 change by a ratio of 1.5/1. Care must be taken to in-
3ure that the delay of every phantastron stays within 
.the proper limits, in order to prevent "false codes." 
The outputs of all phantastrons are negative pulses. 

Pulses for all A and C channels are mixed together di-
rectly through crystal diodes on a common bus. Pulses 
for all B and D channels are likewise mixed. 
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2101/ 

Mixer 

The four coded pulse pairs from the coder are ampli-
fied and mixed with the two sets of channel pulses from 
the modulated delay circuits (Fig. 16). In the process, 
pulses from channels A and C are inverted with respect 
to the pulses from channels B and D. A cathode-follower 
output tube sends the signals to the light-beam trans-
mitter, over RG-71/U coaxial cable. For the control link 
this cable is several hundred feet long. 
It is of interest to note that in the transmitted signal 

there are a total of 60,000 pulses per second. 

N: 

Fig. 15 —Typical phantastron circuit. 

DELAY 
MODULATED 
PULSE 
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Light Source and Driver 

A Sylvania Type R-1131C glow tube is used in the 
plate of a 6AG7 amplifier (Fig. 17). Although the pub-
lished characteristics of the R-1131C tube indicate a 
• cut-off frequency of about 12,000 cps, both positive and 

negative pulses of approximately 2-Asec duration may 
be transmitted. 
The glow tube tends to cause a certain amount of un-

dershoot following either polarity of pulse. This is un-
fortunate because, with sufficient amplification, the 
undershoot will constitute a pulse of the wrong polarity, 
although of rather more width than a proper pulse. This 
was fairly well eliminated by adding predistortion in the 
form of low-frequency "boost" to all but the double-
pulse codes of opposite polarity. The double-pulse codes 
of like polarity are predistorted in the coder, and all the 
channel pulses are predistorted in the mixer. 
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Fig. 16 —Mixer circuit. 
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The average R1131C tube life has been about 200 
hours in this service. The brilliance of the light generally 
decreases by a factor of 2 or 3 during its useful life. The 
useful life of the R1131C is ended when it begins to go 
out intermittently. 
The light beam is collimated by a lens and directed 

through the high-voltage insulating column to fall on 
the lens of the phototube receiver unit. See Fig. 9. 
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Fig. 17 —Light source and driver circuit. 

RECEIVING END 

Photottibe Receiver and Amplifier (Fig. 18) 

The phototube receiver unit brings the light beam to 
a focus on the cathode of a 931-A photomultiplier tube. 
To prevent the photomultiplier from "seeing" extrane-
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Fig. 18—Photomultiplier receiver and amplifier stage. 

ous light from corona or sparks, a mask with a small 
hole to admit only the focused light beam is placed in 
front of the photomultiplier tube. 
The 931-A is operated in such a way that a fairly wide 

range of light intensity can be tolerated without over-
loading or starving the output signal. For convenience 
in the circuits to follow, the proper polarity of signal is 
obtained from the 9th dynode instead of the anode. 
At the high-voltage electrode the photomultiplier re-

ceiving tube feeds a 2-stage amplifier directly, but in the 
return link, a cathode follower supplies the signal through 
coaxial cable to a 2-stage amplifier. The additional gain 
is necessary to obtain large enough pulses to operate the 
decoder. 

Decoder 

Fig. 19 illustrates the operation of the decoder. The 
pulse pairs are decoded in four separate coincidence 
circuits, after four different versions of the amplified 
signal are obtained, namely, 
(a) normal signal as in Fig. 11 
(b) ditto delayed 3 µsec 
(c) inverted signal 
(d) ditto delayed 3 µsec. 

By bringing all combinations of undelayed with delayed 
signals to individual coincidence circuits, one output 
pulse per cycle is obtained from each. In this way the 
four trigger pulses generated by the timer at the sending 
end are duplicated at the receiving end, although the 4 
trigger outputs from the decoder are negative and all 
are delayed 3 µsec in the decoding process. 
The only treatment required for the channel pulses is 

that the two polarities must be separated. This is easily 
done by two stages, supplied with signals (a) and (c) 
above, operated a little below cutoff. Thus, channel 

pulses B and D may be brought out, separated from all 
A and C pulses, and vice versa. 
It does not matter that, mixed in with the channel 

pulses, there exist some extra pulses from the code pairs. 
The flip-flop detector circuits do not respond to them. 
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Fig. 20 gives the circuit diagram for the decoder. It 
will be noted that the A and C channel pulses are ac-
tually brought out on two separate lines, one of which • 
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101  

OUTPUT START VPULSES 

Fig. 20 —Decoder. 

goes only to the A flip-flops and the other to the C flip-  lowed by a peak detector. Typical detector circuits are 
flops. This is done to prevent interaction, and is the  shown in Fig. 22(a) and (b). 

same for the B and D circuits. 

6AS6 6AS6  6AS6  6SN7  6SN7  401 DOI 02  30 

Detectors 

For convenience the term "detector," as used here, 
includes all the circuitry required by each channel be-
tween the decoder and the output voltage or current. 
Fig. 21 shows the sequence of operation of a group of 

I 4 flip-flops. After being triggered simultaneously by the 
decoded trigger pulse, they are restored in sequence to 
their original condition by the next four channel pulses, 
each flip-flop responding to a different channel pulse. 
The response time of the A flip-flop is made short, but 
the C flip-flop is purposely made with such a poor re-
solving time that it waits for the C pulse instead of re-
, sponding to the A pulse. A similar explanation holds for 
the B and D flip-flops. 
The triggering action of the flip-flops must be such 

that the decoder trigger can overpower a simultaneous 
pulse which occurs in some cases on the channel pulse 
line. 
Each flip-Flop produces a square-wave output of fairly 

low-duty cycle. The duration of a given square wave 
corresponds to the time between the second pulse of 4 
the appropriate code pair and the channel pulse which 
acts on the flip-flop. Just as in the case of the single-
channel system described earlier and shown in Fig 10, in 
, each channel a sawtooth voltage is then generated, fol-
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Fig. 21--Operation of flip-flops. 
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For operating a dc panel meter, and for some other 
purposes, a very nearly linear response is required. For 
linear output a boot-strap sawtooth generator is used. 
For detecting ac signals, however, a "cheaper" saw-
tooth circuit is used, which is nothing more than an RC 
integrator. 

STARTING 
PULSE 

Fig. 22(a) —Typical detector for ac output. 

STOPPING 
PULSE 

TUNE TO 
REPETITION 
FREQUENCY 
(2.500 CPS) 

OIMf 
( -0 A C 

OUTPUT 

STOPPING  STARTING 
PULSE  PULSE 

Fig. 22(b) —Typical detector for ac and linear dc outputs. 

The panel meters are equipped with zero and full-
scale adjustments so that when each input signal at the 
transmitting end is varied from zero to maximum, the 
corresponding detector may be adjusted to give an out-
put current of zero or full scale on the panel meter. 
For easy calibration of the panel meters during the 

operation of the Van de Graaff, two multiple-pole relays 
are included in the high-voltage end. These relays are 
operated through the control link and can switch all 
meter channel inputs from their normal signals to the 
calibrating input voltages corresponding to zero and full 
scale. 

CHANNEL MULTIPLEX 

Since 16 channels are not sufficient in the monitoring 
link to permit the use of an entire channel for each piece 
of information, two pieces of information must be com-
bined in nearly every channel. Making channels do dou-
ble duty represents a considerable saving in the number 
of tubes, bulk, and power requirements. Some multiplex-
ing is used even in the control link, although it has many 
spare potential channels. See Fig. 23. 
It is true that many different frequencies of ac signals 

can be sent simultaneously over one channel, so long as 
the peak to peak delay shift of the channel pulse does 
not exceed the permitted limits and the frequencies do 
not exceed one half the repetition frequency. After de-

tection, these frequencies can then be separated by 
means of filters and used to energize relays or perform 
other functions. A useful limit, however, imposed by 
considerations of signal-to-noise ratio, drift, and sim-
plicity seems to be to limit to 2 the number of signals 

carried by any one channel. 
At present, 40- and 400-cycle frequencies are com-

bined and then separated by simple RC filters after de-
tection. Also, one de signal plus either of the above two 
frequencies are combined on a single channel. The detec-
tor for this combination is shown in Fig. 22(b). 
Two de signals are combined on a single channel in a 

rather more complicated manner involving "time shar-
ing." An ac voltage is used to switch the phantastron 
modulator between 2 different dc inputs so that each in-
put is effective approximately one-half the time. The 
switching is done electronically and at a 40-cps rate. 
The output of such a channel after detection is elec-
tronically switched between two panel-meter circuits, 
and to obtain synchronization it is necessary to use a 
channel to transmit the 40-cps signal over the same 
link. This system is not economical unless several chan-
nels are time shared with the same synchronizing sig-

TRANS  LIGHT  REC .G 
END  BEAM  END 

-00 

0 
INVERT 

TIME SHARED 
PEAK 

DETECTOR -r---

DITTO 

Fig. 23—Methods of multiplexing to economize on channels. 

D-C2 

D-C3 

D-G4 

nal. For the past year, 14 dc panel meters have been 
operated in this way from the monitor link, thus using 
only 7 time-shared channels plus one channel for the 
synchronizing signal. See Fig. 24. 

If a telemetering channel of higher frequency re-
sponse is desired, it is possible to increase the upper fre-
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Fig. 24—Typical time-shared detector providing two dc outputs. 
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quency limit of a telemetered signal merely by parallel-
ing the inputs of two or more channels which operate 
at equally spaced time intervals. For example, an audio 
channel has been operating satisfactorily in the tele-
metering link between high-voltage electrode and con-
trol room so as to permit the operator to listen for un-
usual noises from equipment in the electrode. This link 
was established by effectively paralleling channels IA 
and 3A in order to double the repetition rate. Of course, 
the quality of reproduction was not outstanding since 
a 2,000-cycle low-pass filter was used to hold back the 
doubled carrier frequency, as well as some of the basic 
carrier frequency. However, the quality is not objec-
tionable, and it is hoped that the audio channel will be 
useful in detecting and diagnosing troubles. A better 
audio system might be obtained by paralleling, say, 
channels IA, 2A, 3A, and 4A. 

1--6SN7 
2 

6SL7 2 
+250 V 

GENERAL REMARKS 

The receiver and transmitter in the high-voltage elec-
trode are powered by a 400-cycle generator driven from 
the charging belt, whereas the control-room transmitter 
and receiver use 60-cycle power. This, together with the 
unique space and shape limitations in the high-voltage 
electrode, account for the differences in power supply 

TO  ALL  "X"  OUTPUT 

SECTIONS 

— 6SN7 
2 

÷ 69L7 

0. 
(2J? 

100K 

TO ALL "Y" OUTPUT 

SECTIONS 

circuits and general appearance of the units used in the 
two telemetering links. 
Although the electrostatic accelerator at Los Alamos 

is not yet completed at the time of this writing, the tele-
metering system described has been in operation for 
several years. It was operated for a year on Laboratory 
bench set-ups. It has since been run under actual operat-
ing conditions in the partially completed accelerator, 
and has withstood normal operating gas pressure, vi-
bration, temperature variations, and severe transitory 
electrical discharges or sparking. Although the insulating 
column of the incompleted accelerator has been erected 
to only a fraction of its ultimate height, and although 
the telemetering has not been tested with more than 
6-million volts on the high-voltage electrode, it is felt 
that neither the ultimate greater distance for light 
beams to travel nor the ultimate greater voltage will 
introduce serious problems. 
Troubles thus far have been caused by inadequate 

shielding of units in the high-potential electrode. Over-
heating and transients caused by high-voltage sparks 
have in the past resulted in germanium crystal-diode 
failures. Adequate shielding and ventilation, however, 
have essentially eliminated such troubles. Some particu-
larly vulnerable crystal diodes have been replaced by 
vacuum-tube diodes. 
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Failure of tubes, particularly in the high-potential 
electrode, was initially a problem because of the vibra-
tion there and operation in gas pressures as high as 150 
pounds per square inch. The use of vibration isolating 
mountings, the use of ruggedized "Red" tubes, and the 
gradual elimination of poor tubes by replacement, how-
ever, have reduced this problem. When a tube fails, it 
usually takes out one or two channels. Less often, a bad 
tube may take out many channels, depending upon the 
tube, of course. However, tube failure has not been a 
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really difficult problem since an earlier uncoded pulse-
time system was abandoned for the coded system. In 
this earlier system, the turn-on pulse of each channel 
was produced by the turn-off pulse of the preceding 
channel (except for channel 1), and failure of a tube in • 
any channel usually rendered all the following channels 
inoperative. 
Initial developments, adjustments, and diagnosis of 

troubles were greatly facilitated through use of an A R-
type oscilloscope, DuMont type 256-1), although the 
Tektronix 511-A oscilloscope has recently proven to be 
adequate for such work. 
It is felt that although this telemetering system is well 

suited to transmission over a pulsed light beam, there 
are other transmission media which might be equally 
suitable. Ultrasonics through fluids or solid materials 
may prove to be suitable for this type of pulse transmis-
sion. Carrier-shift modulation in high-frequency radio 
channels may also be suitable. 
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A New Method of Calculating Microwave 
Noise in Electron Streams* 

J. R. PIERCEt, FELLOW, IRE 

Summary—The noise in a temperature-limited electron beam 
in a drift space is calculated by a new means. Noise Maxima and 
minima are found. The results agree with calculations made by the 
Rack-Llewellyn-Peterson method. 

I. INTRODUCTION 

H
ITHERTO THE MOST SUCCESSFUL ap-
proach in calculating noise in electron streams 
at frequencies for which the transit angle is 

large has been that based on the work of Rack, Llew-
ellyn and Peterson.' In such calculations, the actual 
multivelocity electron stream is replaced by an electron 
stream in which the electrons passing a given plane at a 
given time all have the same velocity. Certain averages 
taken over the electrons of the multi-velocity flow are 
identified with fluctuations of the electron velocity and 
the electron density of the single-velocity stream. It is 
very hard to justify this physically, although it can be 
argued that the calculations apply after the electrons 
have been sufficiently accelerated.2 This makes it de-
sirable to explore other approaches in order to see 
whether other assumptions will lead to the same or to 

other results. 
The purpose of this paper is to present an alternative 

way of making approximate noise calculations. In this 
approach one uses linearized equations to calculate a 
frequency component of the noise excited in an electron 
stream by a charge which passes through the flow with 
a velocity different from the mean velocity of the stream. 
This approach is essentially that used by Thompson, 
North and Harris2 in calculating the noise in a diode at 
low frequencies. To the author it is more physically 
appealing than the Rack-Llewellyn-Peterson approach. 
Also, it offers possibility of further refinement, although 
this is not exploited. 
The present memorandum presents an approximate 

calculation according to the new approach concerning 
a very simple but a physically meaningful case. The 
same case is treated by the Rack-Llewellyn-Peterson 
method. To the approximation used the new method 
agrees with the old. Thus, the chief contribution of this 
work is to confirm earlier results subject to certain ap-
proximations. 

Decimal classification: R138. Original manuscript received by 
the Institute, April 22, 1952; revised manuscript received July 9, 
1952. 
t Bell Telephone Laboratories, Murray Hill, N. J. 
1 J. R. Pierro, "Traveling-Wave Tubes," chap. 10, D. Van Nos-

trand Co., Inc., 1950. 
2 F. N. H. Robinson, "Space charge smoothing of microwave shot 

noise in electron beams," Phil. Meg., vol. 43, pp. 51-62; January, 
1952. 

8 B. J. Thompson, D. 0. North, and W. A. Harris, R.C.A. Review, 
pp. 269-285; January, 1940; pp. 441-473; April, 1940. 

II. ASSUMPTIONS 

The example treated is an approximation to the 
physical situation indicated in Fig. 1. An electron 
stream is drawn from a cathode which gives tempera-
ture-limited emission. The electrons are accelerated by 
a grid which is close to the cathode and which is held 
at a relatively high potential Vo. Thus, the transit angle 
and space charge between cathode and grid are both 
very small. Subsequently, the electron stream travels 
with a constant diameter through a constant-potential 
drift tube. We may imagine the electron stream to be 
confined by a strong magnetic field. 

CATHODE  GRID DRIFT TUBE ELECTRONS 

 = az = 

- + 

Fig. I—A stream of electrons is accelerated from a temperature-
limited cathode by a positive grid close to the cathode and is 
injected into a drift space. 

Under the circumstances described above we can rea-
sonably assume that the probability of an electron pass-
ing any part of the grid in any interval of time is 
independent of the passage of other electrons. This 
means that the fluctuation in the whole current passing 
the grid or in any part of it, associated with any small 
area of the grid or with any velocity class of electrcrs, 
is pure shot noise, and the fluctuation in any part of the 
current passing the grid is uncorrelated with the fluc-
tuation in any other part. 
In the approximate calculations which follow, some 

rather drastic simplifications have been made. These 
are listed and explained below. 
(1) An infinite-parallel-plane, or one-dimensional 

flow has been assumed. Thus, the convection current 
which produces noise may be thought of as consisting 
of planes of charge moving through the flow. 
(2) It is assumed that the total excitation produced 

by n charges moving through the flow is the sum of the 
excitations produced by each separately. This is equiva-
lent to saying that the system is linear. 
(3) The excitation of the beam is calculated as if all 

the charge except the exciting charge is smoothed out, 
and acts merely as a "circuit" driven by the exciting 
charges. We should note that the nature of the excita-
tion of the electron stream by the moving charge de-
pends on the velocity of the charge. Let us call the ve-
locity of a single charge shot into a smoothed-out stream 
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v(t), and let the total velocity in the presence of other 
charges be v(t)+6(t), where t(t) is the velocity due to 
the ac fields produced by other charges; i.e., t(t) is the 
perturbation of the velocity v(1) caused by noise in the 
electron stream. By our assumption of linearity we can 
get the total response to v(0-1-t(t) by adding to the re-
sponse to v(t) the response due to VW. Now the effect 
of motions of a charge caused by noise fields is calcu-
lated as if the charge were smoothed out. Hence, while 
in computing the effect of v(t) we consider the charge as 
discrete, in computing any effect of ti(t) we consider the 
charge as smoothed out. Thus, because of this approxi-
mation the effect of t(t) cannot depend on the relation 
between times of entry of charges. 

(4) The exciting •current flows through the imped-
ance provided by the smoothed-out charge and the space 
in which the charge is. Thus, there is an implicit assump-
tion that the total ac current in the flow, convection and 
displacement is zero. 

(5) We assume that the velocity of a single charge 
shot through the uniform flow remains constant. Actu-
ally, the disturbance caused by the passage of the 
charge through the smoothed-out flow will cause the 
charge to slow down gradually because of excitation of 
oscillations in the flow,' but as the retarding force is 
very small it will be disregarded. 
(6) In actual calculations, it will be assumed that the 

velocity spread in the flow is very small. Thus, only 
terms involving the lowest significant power of the ve-
locity spread will be retained 
One remark should be made concerning the whole 

approach to the problem. It is assumed that the exciting 
charge sticks together in its movement through the 
flow, just as an electron does. This amounts to assuming 
some non-coulomb forces which keep it together. The 
inclusion of these such forces might cause the result of 
the calculations to differ in some respect from the result 
obtained when the whole flow is assumed to be smoothed 
out and noise is introduced as a fluctuation in the veloc-
ity distribution at some plane. If significantly different 
results were obtained by the two methods, it could only 
be due to the inclusion in the treatment given here of 
something which is characteristic of the actual physical 
system. 

III. THE NATURE OF THE RESULT 

The problem which must be solved in order to get the 
answer sought is that of finding the disturbance in a 
uniform electron flow caused by a charge which moves 
through it with a constant velocity v. The flow is as-
sumed to act as a linear system, and the problem is one 
of finding the response of this linear system to a driving 
force. 
The response will consist of two parts. There will be a 

special solution of the linear partial differential equa-
tions involved. In general this will be a "driven" dis-

4 D. Pines and D. Bohm, "Collective description of electron inter-
actions—II," Phys. Rev., vol. 85, pp. 338-353; January 15, 1952. 

turbance of constant shape moving with the velocity of 
the charge. There will also be an excitation of free 
oscillations or normal modes of the flow, dependent in 
magnitude on how the charge achieves its uniform mo-
tion through the flow.' 
We cannot get away from the driven disturbance. It 

depends on local circumstances and not on how the 
beam is formed. Fortunately, the convection current 
associated with the driven disturbance or special solu-
tion turns out to be very small compared with the im-
pressed convection current; the space charge suppresses 
this sort of noise very effectively. 
The excitation of the normal modes commonly ac-

counts for by far the largest excitation in the electron 
flow. How large this is depends on the initial conditions; 
that is, on how the beam is formed. Indeed, until some-
one shows otherwise we may imagine that some ingeni-
ous inventor will think of a way of accelerating electrons 
such that the normal modes of the flow will be excited 
little if at all by the electrons forming the beam. 
In the calculation to be presented here the above 

features will be shown in a very simple case; in whick 
the driving current corresponds to a charge suddenly set 
in motion with a constant velocity at some point z =O. 

IV. SIMPLE CASE 

We wish to consider the excitation caused by a charge 
in the form of a plane which is suddenly set into uniform 
motion with a velocity v at z = O. The current repre-
sented by such a pulse consists of a very broad spectrum 
of frequencies, of infinite wi(lth if the charge has zero 
width. We will be concerned with a narrow range of 
frequencies only, and it is most convenient to consider 
an exciting current of a single frequency co. Such an im-
pressed current I, is represented by the integral 

ieiwrg-Ntr)11 

p 
  — dp 

Is = 
f eip—iNhoiz 

27rj  c p 

where the contour is along the imaginary axis indented 
to the right at the origin. The integral may be identified 
as an inverse Laplace transform. The amplitude of this 
current is zero for z <0 and i for z >O. For z > 0 the phase 
velocity, which must be equal to the velocity of the 
moving charge, is v. 

This current will act on the electron flow to produce 
some electric field and some convection current. Let the 
total convection current, including both the total im-
pressed current I and the convection current excited in 
the smoothed-out flow, be I. Let i be a component of 
impressed current which varies with time and distance 
as 

ei51Se 28: 

5 If a mode has a velocity independent of frequency and a charge 
with the same velocity excites it, the disturbance grows with dis-
tance. Presumably other queer things can happen in equally patho-
logical cases. 
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rhis will give rise to some component it of total convec-
.ion current with the same spatial and temporal varia-

don. 
it = F(0)it.  (2) 

.1-lere F(0) is a function of frequency and of the dc pa-
rameters of the electron flow (distribution of dc charge 

density with velocity). 
Formally, from (1) and (2), the required total convec-

tion current is given by 

F (-4) + jp) 
ieiwi 

g = 
l  

27rj  c 
where the contour is along the imaginary axis indented 
to the right at any poles on the imaginary axis. 
It will prove convenient to use 13 rather than p as a 

variable of integration, giving 

It = - 

e 71— i(cd/v)Jsdp, 

ieiwt f F(13)e-ioadf3 

22rj J c 

(3) 

(4) 

The contour is now along the real axis of 0, from 
0. — cc (p=  co) to fl= co (p= - indented above 
any poles on the real axis. The minus sigh comes from 
changing the direction of integration along the contour. 
it as given by (4) is the total convection current as a 

function of distance for an exciting current of frequency 
co, velocity v, and amplitude zero for z <0 and i for 

z>0. 
To proceed further we need an expression for the 

transfer function F(0). We obtain this by considering a 
single component of impressed current it of frequency 
co and propagation constant 0. For an average charge 
density of electrons dp moving with a velocity u the 
convection current density di produced by a field E 
having the spatial and temporal variation assumed is 

Let 

(  

— dp 
E 

di = - jaw 
E e 

m (ce — (3u)2 

dp = pof(u)du, 
f  ua 

f(u)du = 1, 
u, 

— po 
tn 

The total convection current component will be 

us f(u)du  

f it = j,_ jwewt,2E  (10) 

The total ac charge density p, will be 

13 
Pt =  ii• 

From Poisson's equation 

Pt= - iE0E, 

and from (11), (10) and (9) 

Then the total convection current i produced by the 

field F will be 

i = - jwew,2E 
iv*  f(u)du 
u, (6) - fiu)2 

It is assumed that f(u) is zero outside of the limits ul 

and 242. 

(9) 

it 
F(0) = 

21  '3 f(u)du 
1 _ cop 2 

fu, (co - 1324)2 

We will now consider a very simple case; that in 

which 
1 

f(u) = — 

5  6 
140 — —  < U < U0 ± —2 

2 

J(u) = 0, 

6 
u < uo - — or u > uo -2-- • 

2 

In this case the integral in the denominator of (12 ) is 

1 f  — our u°4-3  2 du   1 

(14) 

62 
(15) 

u,s/2 

This result is certainly valid if co-0u is not zero in the 

range of integration. We can make this so if 0 is real by 
allowing co to have a small imaginary part. We see that 
no matter how we let this go to zero we obtain (15 ) for 
co and 0 real. 
Accordingly, the transfer function of (13 ) will be 

_ _ troy 4243 2 
F(P) =   (16) ovuo _ fir _ 0282/4u0 2 _ 0,92/14 2 

The function F(0) can be written in the form 

(co„/140)2 
(19 - 13)(0 - 02) -V (1 - 6/2240)2  

F(o) =   (17) 
(13 - 01)0 - 02) 

±  (O p 

U 0  U 0 

0i = 

02 =   
1 - (6/2u0)2 

Lo; = cop-V1 - (6/2u0)1((co/co„)2 - 1). (20) 

From (4) the total convection current is given by 
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It 
  r 
27rj Jc 

[(t3 i31)(# — 02) +  (04/U0)2  ]e 0,43 
(1 - 0/2uo2) 

(13 -  - 190(13 - f(2) 

This has 3 poles, all on the real axis. We can evaluate 
this integral for z > 0 by integrating around a contour 
enclosing the poles. Each pole will be circled in the clock-
wise direction and hence will contribute —27rj times the 
function which multiplies the pole, evaluated at the 
pole. 
It would be possible at this point to proceed without 

further approximations. However, we may note that the 
lowest power in which the quantity (b/2u0)—which ex-
presses the spread in velocity—appears is the square. 
Provisionally we will neglect (5/2u0)2 and subsequently 
retain similar quantities only if they appear to the first 
power. This means we will take 

We then find that 

0)  p 

13 1 = 

U0  140 

CO p 

02 = -  ' 
Uo  Uo 

(22) 

e-aehe  e-0 2: 

(21) 

velocity differing from the mean velocity uo of the stream 
by an amount eup. The expression is valid to the first 
order in e. 
While (28) is valid to the first order in e and in o/uo, 

we note that when cos [((,),/uo)d is not zero an expan-
sion of the expression for the amplitude of /, in terms of 
powers of e has no term in e to the first power. Was it 
wrong to discard terms in (o/u0)2? An examination 
shows that the effect of including these terms is (1) to 
alter the arguments of the sine and cosine while leaving 
them equal, (2) to alter the magnitude of the cosine 
term by a term in (S/uo)2 and of the sine in a term in 
(3/uo)2 times E. Thus, for any correct value of the argu-
ment which makes the cosine zero, the amplitude is 
given correctly to the first order in e. For other values of 
the argument, for which the amplitude is much larger, 
the amplitude is not in error to the first order in (o/uo). 
or e, though terms in e2 may be in error. 
We should note that the special solution has no com-

ponent of amplitude to the first order in e. 

3. --;-) wi—I32) ( co\ 132---,)(132—/31) ] + [ (w (wp/u0)2 
(  co\ +   1+—   v - 

1,.-- ieic" (wp/uor /  -- — Pi) (i.±  — 02)  - v v ,--i(wico, . 

We see that 

where 

13k — )32 = 2— 
U0 

(.0 

0 1  =  

V U 0  U 0 

p 

_ - = 

V  U O  U 0 

V — uo 
e   

(23) 

In obtaining (28) a special velocity distribution was 
assumed. We should note that the location and intensity 

(24)  of the poles was not affected to the first order in the 
spread in velocity by the velocity distribution. Thus, up 
to (28) the answer to the first order in * has really been 

(25 ) obtained by assuming the velocity distribution to be 
very narrow. We might infer that to the first order in e 

(26)  the same answer would have  been  obta ined  by going  to  

a very narrow distribution from any reasonable distri-
bution rather than from the particular simple one cho-
sen. 

Let us now regard (28) as correct. Let 11,1 2 be the 
(27)  mean square amplitude of the frequency component 

considered, 
Now, since 5 is the total velocity spread among elec-

trons, uo is the average velocity, and v lies within the 
range of electron velocities, e is of the order of S/u0 and 
we should retain powers of e up to the first only. To this 
approximation we obtain 

( I, = iel'ie—i(diu0)1  cos 2°!- - z 
uo 

eco 
— sin — z)). (28) 
W P (uo 

This is a frequency component of the total convection 
current in the electron stream caused by a charge of 

cop 
I 1,12 = i2(cos2 (— z) e2(—) sin2(r z)). (29) 

uo cop  uo 

This is the square of the total current due to an injected 
current of mean square amplitude i2. Let I. be the elec-
tron current carried by electrons with velocities in some 
narrow range about v., a velocity specified by a value 
eo of the parameter e. The impressed noise current io2 due 
to this current is taken as shot noise 

in2 = 2el„B.  (30) 

At z=0, total current must be equal to in2, so the part 
of 11, 12 due to electrons in this velocity range must be 



1952  Pierce: A New Method of Calculating Microwave .Voise in Electron Streams 

I t2 = 
(cop ) 

2eI.B(cos2 — z 
uo 

2 CO  (Op 

+ 2.2(co—) sin2 (— z)).  (31) 
.  p  Ito 

Ve assume that the noises due to electrons in different 
-elocity ranges add in a mean square manner. For the 
otal mean square noise current we obtain 

(o„ 
1 1,21 = 2eIB(cos'(— z) 

uo 

2 

+ €2 sin2 (w—P z)) 
Uo 

I = E 

1  in 
=  E — (v. — uor 
UO2 

(32) 

(33) 

(34) 

That is, 2 is the mean square deviation in velocity di-
vided by the square of the mean velocity. 
' If we assume (34) to be true, the noise at the noise 

minima is 

CO 2 

1 1g2 = e2(—) 2eI B • 

These minima occur at 

pZ = --r nr. 
uo  2 

(35) 

(36) 

V. TREATED BY RACK-LLEWELLYN-PETERSON 
METHOD 

According to the Rack-Llewellyn-Peterson approach, 
we assign to the electron convection current passing the 
grid both a current fluctuation i2 and a velocity fluctua-
tion v2. The current fluctuation is just shot noise 

i2= 2eI0B. (37) 

The velocity fluctuation is the mean square fluctua-
tion in the velocity of electrons passing the grid. In ob-
taining this, one considers the electron flow to be divided 
up into a large number of classes of electrons, the nth 
class having a velocity v,, and constituting a part I. of 

the total current. 
(38) 

Each current In is assumed to have a mean square fluc-

tuatinn 

= 2eI.B.  (39) 

The average velocity uo is 

1 

240 =  2 t„v„. 
[I)  n 

The change in 240 due to a change dl. in I. is 

(40) 

du. = (—  — E  +  dIn 
102 cll. .  Io 

1 dlo 

1 

duo = — (v. — 
Io 

From (42) and (39) we find total mean square fluctua-
tion in the average velocity, which we will call v2, to be 

2eB 1  , 
v2 = — In(y. — uo)  (43) 

Jo Jo 
2eB — 

v2 = e2 UO2. 

JO 

The noise fluctuations in current and velocity will 
each excite a different pair of equal space-charge waves. 
Each wave of a pair varies with distance as exp j(co/uo 
-1-0),/uo)z. For each wave the ratio of convection cur-
rent to velocity is .-17 (co/cap)(/o/u0). The two waves ex-
cited by the initial convection current initially have 
their convection currents in phase and the total convec-
tion current carried by the pair varies as cos (20z/uo). 
The two waves excited by the initial velocity fluctuation 
initially have their convection currents opposing and the 
total convection current carried by these waves varies 

as sin (24z/u0). 
Thus shot noise (37) will excite a noise current in the 

beam 

copz 
l22 = 2eI0B cos2 H. u. (45) 

The velocity fluctuation (44) will excite a mean 

square convection current in the beam 

2eB  co Jo  2 

(--- f2 14 02) ( — —  sin Vw )) 
JO  wp Uo  Uo 

(,) 2 

i22 =  2eI0B(L-- ) 0 sin2 - - . 

COpZ 
(46) 

2o,,  uo . 

The total mean square noise current is 

_ 
22 — 

1679 

(41) 

(42) 

(44) 

— 

i2 =  ii2  j22 

2e/oB ( — 
Uo 

(co)  copz 
± €2 — 2  Sin2 

COp V Uo 

This has minima at 

co, 
— z = — 
U0 2 

and the noise current at the minima is 

i2 = 2eloB(— €2 
co )2 

wp 

(47) 

(48) 

(49) 

We see that (48) and (49) are the same as (36) and (35) 

of IV. 
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VI. DISCUSSION 

We have now obtained the same result by two meth-
ods. Within the assumptions made we may trust this 
result. What does it tell us? 
For the physical system of Figure 1 there is space-

charge reduction of noise at high frequencies. The noise 
minima occur at distances z from the grid such that 

0 5  7 
mr.  

Uo  2 

and the noise current at the minima is 

(50) 

CP 2- 

i2 =  2eI013(  e2.  (51) 
co, 

We see that space-charge-limited emission is not 
necessary for space-charge reduction of noise at micro-
wave frequencies, a fact already noted by Robinson.' 
Consider the factor (co/cop)2. The noise minima will 

be deeper the larger the plasma frequency. In fact, the 
ratio between noise at the minima and noise at the max-
ima is inversely proportional to dc current density. 
It is interesting to note that if N is the number of cy-

cles drift between a current maximum and a current 
minimum, 

— = 4N. 
coP 

(52) 

We see that the noise is proportional to the relative 
mean square velocity spread €2. Suppose that all elec-
trons are accelerated from the cathode without inter-
action and by the same dc voltage Vo. For this case, if 
(eV/kT)>>1, 

= 1 (kT y 

4 keVoi 
1  T  2. 

(53) 
4 11,600V0 

This is usually very small. For instance, if 

T = 1,160°K 

Vo = 1,000 volts 

= 2.5 X 10-9. (54) 

We should note, however, that  may be very much 
larger than this for a variety of reasons. In other than 

Brillouin flow, space-charge depression of potential can 
cause the central electrons to travel more slowly than 
the outside electrons. If we assume this spread among 
electrons traveling at different radii to have the same 
effect as the spread among electrons at the same radius, 
flow other than Brillouin flow might lead to increased 
noise. 
Assume for instance that the electrons comprising a 

cylindrical beam of constant current density are con-
strained to move in the axial direction only. This may 
be approximated by immersing the whole structure, 
cathode included, in a strong constant magnetic field. In 
this case it can easily be shown that approximately 

1  /0' 
= 

1536720(e/m) Vo3 

1o2 
= 4.78 X 10° • 

Vo" 
(55) 

The units are amperes and volts. 
A perveance of 10-6 , that is, /0/ Vo312 = 10-6 , is a rea-

sonably large perveance. For this value of perveance. 
from (55) 

4.78  

Thus, the mean square deviation in velocity caused by 
space charge is not large. 
Such experiments on noise minima as have been 

made' show minima which are not nearly as deep as 
those calculated above. The observed minima are for 
space-charge limited emission, for which the noise at the 
minima, as ordinarily calculated by the Rack-Llewel-
lyn-Peterson method, is zero. 

We can say that at least for the case treated the new 
method gives the same result as the Rack-Llewellyn-
Peterson method. This indicates that there is something 
important missing either in the idealized case treated 
or in the approximations made in the analysis. More re-
fined experiments and further mathematical analysis 
will presumably enlighten us as to what this is.7 

• C. C. Cutler and C. F. Quate, "Experimental verification of 
space charge and transit time reduction of noise in electron beams," 
Phys. Rev., vol. 80, pp. 875-878; December 1, 1950. 

7 Dean Watkins uses a power-series approach and attains the 
same noise at the first minimum as that calculated here in a paper, 
"The effect of velocity distribution in a modulated electron stream," 
Jour. App!. Phys., vol. 23, pp. 568-573; May, 1952, appearing since 
the preparation of this paper. 
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Adjacent-Channel Attenuation. See Selectance. 

Adjacent-Channel Interference. Interference (q. v.) in 
which the extraneous power originates from a signal of 
assigned (authorized) type in an adjacent channel. 

Amplitude Modulation (AM). Modulation in which the 
amplitude of a carrier is the characteristic varied. 

Antenna. A means for radiating or receiving radio 
waves. 

Aspect Ratio. In television, the ratio of the frame width 
to the frame height. 

Audio Frequency. Any frequency corresponding to a 
normally audible sound wave. 
Note—Audio frequencies range roughly from 15 to 

20,000 cycles per second. 

Automatic Gain Control. A circuit arrangement which 
adjusts the gain in a specified manner in response to 
changes in input. 

Background Noise (in Receivers). The noise in the ab-
sence of signal modulation on the carrier. 

Baffle. A shielding structure or partition used to increase 
the effective length of the external transmission path 
between two points in an acoustic system as, for exam-
ple, between the front and back of an electroacoustic 
transducer. 

Bandwidth. (Of a wave) The least frequency interval 
outside of which the power spectrum of a time-varying 
quantity is everywhere less than some specified fraction 
of its value at a reference frequency. 
Caution—This definition permits the spectrum to be 

less than the specified fraction within the interval. 
Note—Unless otherwise stated, the reference fre-

quency is that at which the spectrum has its maximum 
value. 

(Of a device) The range of frequencies within which 
performance, with respect to some characteristic, falls 
within specific limits. 

Bar Generator. In television, the generator of pulses 
which are uniformly spaced in time and are synchro-
nized to produce a stationary bar pattern on a television 
screen. 

Beat Note. The wave of difference frequency created 
when two sinusoidal waves of different frequencies are 
supplied to a nonlinear device. 

Beating. A phenomenon in which two or more periodic 
quantities of different frequencies produce a resultant 
having pulsations of amplitude. 

Channel, Radio. See Radio Channel 

Coaxial Transmission Line. A transmission line con-
sisting of two coaxial cylindrical conductors. 

Co-channel Interference. Interference between two sig-
nals of the same type in the same radio channel. 

Cross-Modulation. Modulation of a desired signal by an 

undesired signal. 

De-emphasis. A process complementary to pre-empha-

sis. 

Delay Distortion. That form of distortion which occurs 
when the rate of change of phase shift with frequency 
of a circuit or system is not constant over the frequency 
range required for transmission. 

Demodulation. The process of recovering the modulat-
ing wave from a modulated carrier. 

Detection. See Demodulation. 

Detector (in Receivers). (1) A device to effect the proc-
ess of detection. (2) A mixer in a superheterodyne re-
ceiver. 
Note—In definition (2), the device is often referred 

to as a "first detector" and the device is not used for 
detection as defined above. 

Deviation Distortion. Distortion in an FM receiver 
caused by inadequate bandwidth, inadequate ampli-
tude-modulation rejection, or inadequate discrimiii;ttor 
linearity. 

Deviation, Frequency. See Frequency Deviation. 

Deviation Sensitivity (in FM Receivers). The least fre-
quency deviation that produces a specified output 
power. 

Distortion. An undesired change in wave form. 

Downward Modulation. Modulation in which the in-
stantaneous amplitude of the modulated wave is never 
greater than the amplitude of the unmodulated carrier. 

Dummy Antenna. A device which has the necessary 
impedance characteristics of an antenna and the nec-
essary power-handling capabilities, but which does not 
radiate or receive radio waves. 
Note—In receiver practice, that portion of the im-

pedance not included in the signal generator is often 
called "dummy antenna." 

Dummy Load. A dissipative but essentially nonradiat-
ing sul;stitute device. 

Electric (Magnetic) Field Strength. The magnit ude ul 

the electric (magnetic) field vector. 

Fidelity. The degree with which a system, or a portion 
of a system, accurately reproduces at its output the 
essential characteristics of the signal which is impressed 
upon its input. 

Field Strength, Electric or Magnetic. See Electric (Mag-
netic) Field Strength. 
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' Flutter. In communication practice, (1) distortion due 
to variations in loss resulting from the simultaneous 
transmission of a signal at another frequency, (2) a 
similar effect due to phase distortion, or (3) distortion 
which occurs in sound reproduction as a result of un-
desired speed variations during the recording, duplicat-
ing, or reproducing. 

Free-Running Frequency. The frequency at which a 
normally synchronized oscillator operates in the ab-
sence of a synchronizing signal. 

Frequency Departure. The amount of variation of a 
carrier frequency or center frequency from its assigned 
value. 
Note—The term "frequency deviation" which has 

been used for this meaning, is in conflict with this essen-
tial term as applied to phase and frequency modulation, 
and is therefore deprecated for future use in the above 
sense 

Frequency Deviation. In frequency modulation, the 
peak difference between the instantaneous frequency of 
the modulated wave and the carrier frequency. 

Frequency Modulation (FM). Angle modulation of a 
sine-wave carrier in which the instantaneous frequency 
of the modulated wave differs from the carrier frequency 
by an amount proportional to the instantaneous value 
of the modulating wave. 
Note—Combinations of phase and frequency modu-

lation are commonly referred to as "frequency modula-
tion." 

Harmonic Distortion. Nonlinear distortion character-
ized by the appearance in the output of harmonics other 
than the fundamental component when the input wave 
is sinusoidal. 

Hum. Interference at power supply frequency or har-
monic thereof. 

Hum Modulation. Modulation of a radio-frequency or 

detected signal by hum. 

IF. See Intermediate Frequency. 

Image Frequency. In heterodyne frequency converters 
in which one of the two sidebands produced by beating 
is selected; an undesired input frequency capable of 
producing the selected frequency by the same process. 
Note—The word "image" implies the mirror-like 

symmetry of signal and image frequencies about the 
beating oscillator frequency or the intermediate fre-
quency, whichever is the higher. 

Image Ratio. The ratio of (1) the field strength at the 
image frequency to (2) the field strength at the desired 
frequency, each field being applied in turn, under speci-
fied conditions, to produce equal outputs. 

Intercarrier Sound. The method employed in those tele-
vision receivers which make use of the television picture 

carrier and the associated sound carrier to produce a 
frequency-modulated signal whose center frequency is 
equal to the difference between the two carrier fre-
quencies. 

Interference. In a signal transmission system either 
extraneous power which tends to interfere with the re-
ception of the desired signals, or the disturbance of sig-
nals which results. 

Intermediate Frequency (IF). The frequency in super-
heterodyne reception resulting from a frequency con-
version before demodulation. 

Intermediate-Frequency-Harmonic  Interference  (in 
Superheterodyne Receivers). Interference due to radio-
frequency-circuit acceptance of harmonics of an inter-
mediate frequency signal. 

Intermediate-Frequency Interference Ratio. See Inter-
mediate-Frequency Response Ratio. 

Intermediate-Frequency Response Ratio. The ratio of 
(1) the field strength at a specified frequency in the 
intermediate frequency band to (2) the field strength at 
the desired frequency, each field being applied in turn, 
under specified conditions, to produce equal outputs. 

Intermodulationl The modulation of the components of 
a complex wave by each other in a nonlinear system. 

Limiter. A transducer whose output is constant for all 
inputs above a critical value. 
Note—A limiter may be used to remove amplitude 

modulation while transmitting angle modulation. 

Limiting. The action performed upon a signal by a 
limiter. 

Local Oscillator. An oscillator whose output is mixed 
with a wave for frequency conversion. 

Loudspeaker. An electroacoustic transducer usually in-
tended to radiate acoustic power effectively at a dis-
tance in air. 

Masking (Audio). The amount by which the threshold 
of audibility of a sound is raised by the presence of 
another (masking) sound. The unit customarily used is 
the decibel. 

Maximum-Deviation Sensitivity (in FM Receivers). 
Under maximum system deviation, the least signal in-
put for which the output distortion does not exceed a 
specified limit. 

Maximum Output (in Receivers). The greatest average 
output power into the rated load regardless of distor-
tion. 

Maximum Sensitivity (in FM Systems). The least sig-
nal input that produces a specified output power. 

Maximum System Deviation (FM Systems). The great-
est frequency deviation specified in the operation of the 
system. 

1 
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Note—In the case of FM broadcast systems in the 
range from 88 to 10.8 megacycles per second, the maxi-
mum system deviation is 75 kilocycles per second. 

Maximum Undistorted Output (Maximum Useful Out-
put). For sinusoidal input, the greatest average output 
power into the rated load with distortion not exceeding 
a specified limit. 

Microphone. An electroacoustic transducer which re-
sponds to sound waves and delivers essentially equiva-
lent electric waves. 

Modulating Signal (Modulating Wave). A wave which 
causes a variation of some characteristic of a carrier. 

Modulation. The process or result of the process where-
by some characteristic of one wave is varied in accord-
ance with another wave. 

Modulation Factor. The ratio of the peak variation ac-
tually used to the maximum design variation in a given 
type of modulation. 
Note—In conventional amplitude modulation the 

maximum design variation is considered that for which 
the instantaneous amplitude of the modulated wave 
reaches zero. 

Monoscope. A signal-generating, electron-beam tube in 
which a picture signal is produced by scanning an elec-
trode. parts of which have different secondary-emission 
characteristics. 

Noise Factor (Noise Figure). Of a linear system at a se-
lected input frequency, the ratio of (1) the total noise 
power per unit bandwidth (at a corresponding output 
frequency) available at the output terminals, to (2) the 
portion thereof engendered at the input frequency by 
the input termination, whose noise temperature is 
standard (290eK) at all frequencies. (See Noise Tem-
perature.) 
Note 1—For heterodyne systems there will be, in 

principle, more than one output frequency correspond-
ing to a single input frequency, and vice versa; for each 
pair of corresponding frequencies a noise factor is de-
fined. 
Note 2—The phrase, "available at the output ter-

minals," may be replaced by "delivered by the system 
into an output termination," without changing the 
sense of the definition. 

Noise Factor (Noise Figure), Average. Of a linear sys-
tem, the ratio of (1) the total noise power delivered by 
the system into its output termination when the noise 
temperature of its input termination is standard (290°K) 
at all frequencies to (2) the portion thereof engendered 
by the input termination. For heterodyne systems, por-
tion (2) includes only that noise from the input termina-
tion which appears in the output via the principal fre-
quency transformation of the system, and does not in-
clude spurious contributions such as those from image-
frequency transformations. 

Note 1—A _quantitative relation between Average 
Noise Factor, F and Spot Noise Factor, F(f) is 

fo°° F(f)G(f)df 

F — 

fox G(f)d 

where f is the input frequency and G(f) is the ratio of 
(a) the signal power delivered by the system into its out-
put termination to (11) the corresponding signal power 
available from the input termination at the input fre-
quency. For heterodyne systems, (a) comprises only 
power appearing in the output via the principal fre-
quency transformation of the system; in other words, 
power via image-frequency transformations is excluded. 

Noise Factor (Noise Figure), Spot. See Noise Factor. 
Used where it is desired to emphasize that the noise fac-
tor is a point function of input frequency. 

Noise Temperature. At a pair of terminals and at a 
specific frequency, the temperature of a passive system 
having an available noise power per unit bandwidth 
equal to that of the actual terminals. 

Noise Temperature (Standard). The standard reference 
temperature To for noise measurements is taken as 290 
degrees K. 
Note—k To/e = 0.0250 volt, where e is the electron 

charge and k is Boltzmann's constant. 

Nonlinear Distortion. Distortion caused by a deviation 
from a desired linear relationship between specified 
measures of the output and input of a system. 
Note—The related measures need not be output and 

input values of the same quantity; e.g., in a linear de-
tector, the desired relation is between the output signal 
voltage and the input modulation envelope. 

Oscillator. A nonrotating device for producing alternat-
ing current, the output frequency of which is deter-
mined by the characteristics of the device. 

Percentage Modulation. The modulation factor ex-
pressed as a percentage. 

Phase Modulation (PM). Angle modulation in which 
the angle of a sine-wave carrier is caused to depart from 
the carrier angle by an amount proportional to the in-
stantaneous value of the modulating wave. 
Note—Combinations of phase and frequency modula-

tion are commonly referred to as "frequency modula-
tion." 

Pickup. (1) A device that converts a sound, scene, or 
other form of intelligence into corresponding electric 
signals (e.g., a microphone, a television camera, or a 
phonograph pickup). (2) The minimum current, volt-
age, power, or other value at which a relay will complete 
its intended function. (3) Interference from a nearby 
circuit or system. 

1December  I 
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iPre-emphasis. A process in a system to emphasize the 
nagnitude of some frequency components with respect 
:o the magnitude of others. 

Quieting Sensitivity (in FM Receivers). The least signal 
• nput for which the output signal-noise ratio does not 
!xceed a specified limit. 

Radio Channel. A band of radio frequencies allocated 
for a radio transmission. 

Radio Frequency. A frequency at which coherent elec-
tromagnetic radiation of energy is useful for communica-
tion purposes. 

Radio Receiver. A device for converting radio waves 
into perceptible signals. 

Retrace Line. The line traced by the electron beam in a 
cathode-ray tube in going from the end of one line or 
field to the start of the next line or field. 

Ringing. An oscillatory transient occurring in the out-
put of a system as a result of a sudden change in input. 

Ripple. The ac component from a dc power supply aris-
ing from sources within the power supply. 
Note—Unless otherwise specified, per cent ripple is 

the ratio of the root-mean-square value of the ripple 
voltage to the absolute value of the total voltage, ex-
pressed in per cent. 

Root-Sum-Square. The square root of the sum of the 
squares. 
Note—Commonly used to express the total harmonic 

distortion. 

Rumble, Turntable. See Turntable Rumble. 

Second-Channel Interference. Interference (q. v.), in 
which the extraneous power originates from a signal of 
assigned (authorized) type in a channel two channels 
removed from the desired channel. 

Second-Channel Attenuation. See Selectance. 

Selectance. The reciprocal of the ratio of the sensitivity 
of a receiver tuned to a specified channel to its sensitiv-
ity at another channel separated by a specified number 
of channels from the one to which the receiver is tuned. 
Note 1—Unless otherwise specified, selectance should 

be expressed as a voltage or field-strength ratio. 
Note 2—Selectance is often expressed as "adjacent-

channel attenuation" (ACA) or "second-channel at-
tenuation" (2 ACA). 

Selectivity (of a Receiver). That characteristic which 
determines the extent to which the receiver is capable of 
differentiating between the desired signal and disturb-
ances of other frequencies. 

Sensitivity. The least signal input capable of causing an 
) output signal having desired characteristics. 

Sidebands. (1) The frequency bands on both sides of 
the carrier frequency within which fall the frequencies 
of the wave produced by the process of modulation. 
(2) The wave components lying within such bands. 
Note—In the process of amplitude modulation with 

a sine-wave carrier, the upper sideband includes the 
sum (carrier plus modulating) frequencies; the lower 
sideband includes the difference (carrier minus modulat-
ing) frequencies. 

Speaker. See Loudspeaker. 

Spurious Response Ratio. The ratio of (1) the field 
strength at the frequency which produces the spurious 
response to (2) the field strength at the desired fre-
quency, each field being applied in turn, under specified 
conditions, to produce equal outputs. 
Note—Image Ratio and Intermediate Frequency Re-

sponse Ratio are special forms of Spurious Response 
Ratio. 

Square Wave. A wave which alternately assumes two 
fixed values for equal lengths of time, the time of 
transition being negligible in comparison with the dura-
tion of each fixed value. 

Squelch. To automatically quiet a receiver by reducing 
its gain in response to a specified characteristic of the 
input. 

Tracking. (1) The maintenance of proper frequency rela-
tions in circuits designed to be simultaneously varied 
by gang operation, (2) the process of keeping radio 
beams set on a target, or (3) the following of a groove by 
a phonograph needle. 

Transfer Characteristic (in Electron Tubes). A relation, 
usually shown by a graph, between the voltage of one 
electrode and the current to another electrode, all other 
electrode voltages being maintained constant. 

Tube (Electron). An electron device in which conduc-
tion by electrons takes place through a vacuum or gase-
ous medium within a gas-tight envelope. 

Tube, Vacuum. See Vacuum Tube. 

Turntable Rumble. Low-frequency vibration mechan-
ically transmitted to the recording or reproducing turn-
table and superimposed on the reproduction. 

Vacuum Tube. An electron tube evacuated to such a 
degree that its electrical characteristics are essentially 
unaffected by the presence of residual gas or vapor. 

Video. A term pertaining to the bandwidth and spec-
trum position of the signal resulting from television 
scanning. 
Note—In current usage, video means a bandwidth 

in the order of megacycles per second, and a spectrum 
position that goes with a dc carrier. 

Wow. A low-frequency flutter. 
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An Antenna Impedance- Measuring Instrument* 
J. F. CLINEt, SENIOR MEMBER, IRE 

Summary—This paper describes an antenna impedance-
measuring instrument of the indicating type, designed to have a 
small capacitive loading effect when connected directly to the ter-
minals of an antenna. The model constructed operates at freqencies 
up to 30 mc and has a loading effect no greater than that of a con-
ducting sphere 1.5 inches in radius. It appears feasible to extend 
these limits considerably merely by mechanical refinement. 
The smallness in effective size is obtained by isolating those con-

ducting components of the instrument which are not part of the 
RF circuit and by operating the antenna under test as a receiving 
ant..nna so that the instrument does not have to contain a signal 
generator. No power or control wires are connected to the instru-
ment, and it is possible for the operator to remain outside the im-
mediate field of the antenna during the measuring process. 

INTRODUCTION 

iT IS USEFUL to be able to measure the impedance of an antenna with the measuring equipment con-
nected directly to the antenna terminals. One of the 

problems encountered when this is tried is that the pres-
ence of the measuring equipment may alter the value of 
the impedance being measured. This impedance altera-
tion is associated with the effects of the equipment upon 
the electric and magnetic fields of the antenna. It is 
usually found that more difficulty is enceuntered when 
the equipment is connected to points in the antenna 
where the RF charge density is relatively high. This 
suggests that the problem is primarily one of reducing 
the capacitive loading effect rather than one of reducing 
the effect upon the magnetic field. 
Other things being equal, the capacitive loading effect 

of any instrument becomes smaller as its physical size 
is reduced. There are at least two ways in which the 
physical size can be reduced. One way is to make each 
of the component parts of the instrument as small as 
possible. Another way is to adopt a principle of opera-
tion which allows the instrument to work with a mini-
mum number of these component parts. The latter 
method is the one which has received primary attention 
in the design of the instrument described in this paper, 
although the former has not been neglected. 
In the instrument described here, the number of com-

ponent parts has been reduced by removing the signal 
generator from the measuring circuit and connecting it 
to an auxiliary loop some distance away, so that the an-
tenna under test acts as a receiving antenna. Also, 
those conducting parts of the instrument not intended 
to be part of the RF circuit have been insulated from it, 

• Decimal classification: R22I. Original manuscript received by 
the Institute, December 17, 1951; revised manuscript received, June 
13, 1952. The material contained in this paper is based upon parts of a 
thesis submitted by the author to the University of Michigan in par-
tial fulfillment of the requirements for the Ph.D. degree in electrical 
engineering. 
t Dept. of Electrical Engineering, University of Michigan, Ann 

Arbor, Mich. 

so that the effective size of the instrument is considera-' 
lily less than the actual size. 
The effective size of an instrument may be measured 

by a comparison method, using conducting spheres of 
different radii as standards. A dipole antenna about 5 
meters long is suspended from the ceiling of the labora-
tory and its resonant frequency in this position is meas-
ured by means of a grid-dip meter. The instrument is 
then placed in contact with the dipole at a point about 
1 meter from an end and the change in the resonant fre-
quency of the system is noted. The instrument is then 
removed and spheres of different sizes are substituted 
for it until one is found which produces the same change 
in the resonant frequercy. In this way, the instrument 
described here was found to have the same loading ef-
fect as that of a conducting sphere 1.5 inches in radius. 
The instrument is one of the indicating type, rather 

than the null type, and is consequently not highly pre-
cise. However, when compared with a high-quality con-
ventional RF bridge in the measurement of circuit 
components, results are in agreement within a few per 
cent. It should be noted that the same conventional 
bridge, because of its large size and consequent loading 
effect, could not begin to compete with this instrument 
when connected directly to an antenna at any point out-
side of the region of low RF charge density. 

PRINCIPLE OF OPERATION 

The operating principle is based upon the reactance 
variation methodl of impedance measurement, with the 
antenna under test acting as a receiving antenna. The 
signal generator is connected to a transmitting loop lo-
cated far enough away so that the presence of the loop 
does not affect the value of the impedance being meas-
ured. If the loop current remains or is held constant, the 
antenna under test may be treated as a constant volt-
age generator connected in series with an internal im-
pedance which is the unknown in question.2.3 The 
concept of the internal impedance of an antenna does 
not depend upon the direction from which the radio 
waves arrive, so that accurate placement of the loop 
with respect to the antenna is not important. 
The equivalent circuit of the antenna and the instru-

ment is shown in Fig. 1. The voltage which is induced 
by the loop current is represented by the symbol E. Its 
value is not important as long as it remains constant. 

2 D. B. Sinclair, "Parallel-resonance methods for precise measure-
ments of high impedances at radio frequencies and a comparison with 
the ordinary series-resonance methods," PROC. I.R.E., vol. 26, P. 
1466; December, 1938. (See especially the bibliography accompany-
ing this article.) 

2 F. E. Terman, "Radio Engineering," McGraw-Hill Book Co., 
Inc., New York, N. Y., 3rd ed., pp. 725-728; 1947. 

J. R. Carson, "Reciprocal theorems in radio communication," 
PROC. I.R.E., vol. 17, p. 952; June, 1929. 
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Hie unknown resistance and reactance are represented 
)y the symbols R and X. The two equal capacitive re-
tctances marked X, are known values with respect to 
'Mich the other values are normalized in the solution. 
•Fhe symbols R1 and XI represent the total series re-
;istance and reactance of the instrument when the 
;witch is in position 1. These values are associated with 
;tray effects and the meter circuit, which is more com-
plicated than the simple meter symbol might suggest. 

Fig. 1—The equivalent circuit of the antenna is at the left and that 
of the instrument at the right. The two equal capacitive re-
actances marked X. are the standards. 

The three-position switch is driven slowly through a 
repeating sequence by a small battery-operated motor, 
and the relative current values are noted by the opera-
tor. The ratios of these relative current values are used 
with a special graph to find the values of R and X, nor-
malized with respect to X. For each switch position, an 
expression can be written for the magnitude of the cur-
rent, as in (1), (2), and (3), where the subscripts corre-
spond to the switch position numbers: 

1,-

12= 
\AR+ R1)2 + (X + Xi — X,)2 

Is —   
NAR R1)2 + (X  X, — 2X)2 

V(R + R1)2 + (X + X1)2 

These three equations can be combined into a more use-
ful form by defining 

(4) 

/3 
B = — 

12 

and re-arranging as shown in (6) and (7): 

(R+Riv )+ 
(X±:i  1 \ 2 ( A \ 2 

1—A2 ) ki —A21 

(5) 

(6) 

tRA-Riy + (X+Xi 1-2B2\2_ t B r 
(7) 

\ X,  X, 1—B2) \1—B2/ 

Equations (6) and (7) lead to a simple graphical solution 
since each represents a family of circles in a normalized 
resistance-reactance plane. This can be seen by compar-
ing them with the familiar equation for a circle in the 

x-y plane, 
( x  ( y  y i ) 2  =  r2, (8) 

where x' and y' are the co-ordinates of the center point 
and r is the radius of the circle. 
Inspection of (6) and (7) reveals that the A and B 

circles have equal radii for the condition A =B. In ad-
dition, simultaneous solution of (6) and (7) gives the line 
(X-FX1)/X,= 1 as the locus of intersections of the cir-
cles for the same condition. Further inspection reveals 
that the centers of all circles lie on the line (R-FRI)/Xc 
=0. From these three facts it follows that the A and B 
families of circles- are images of each other with respect 
to the line (X-EXI)/X,= 1 and that each family is the 
image of itself with respect to the line (R-FRI)IX, = 0. 
This means that each of the four quarter-planes bounded 
by these two lines contains the same information, so 
that a single quarter-plane will suffice as a basis for a 
graphical solution. 
A graph covering the most important part of one of 

these quarter-planes is shown in Fig. 2, in which the 
locus of centers lies along the right-hand edge and the 
image axis for the A and B pairs of circles lies along the 
bottom. Values of A and B, determined experimentally 
by using the instrument, are used to locate a datum 
point on the graph, and the normalized resistance and 
reactance are then read directly from the scales along 
the bottom and left side. When B exceeds A, the solid 
circles represent B values, the dashed circles represent 
A values, and reactance scale No. 1 is used. When A 
exceeds B, the reverse is true and reactance scale No. 2 
is used. The encircled labels along the bottom edge ap-
ply to both the solid and the dashed circles, while those 
along the sides and top apply to the solid circles only. 
Once the equipment has been set up and adjusted, the 

procedure for operating the instrument consists of the 

following four steps: 

1. Note the values of /1, /2, and /3 during the switch-
ing cycle, and evaluate A and B according to (4) 
and (5). 

2. Use these values of A and B and the graph in Fig. 2 
to evaluate (R-FRI)/Xc and (X+XI)/X,.. 

3. Multiply by X. to obtain (R RI) and (X+ XI). 
4. Subt:•act R, and XI to obtain R and X. 
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In connection with step 2, if it is found that the datum 
point does not fall within the graph, the impedance 
range of the instrument is changed by changing the 
standard capacitors, or else standard elements are 
placed in series or parallel with the unknown in the same 
way as with other measuring instruments. In connection 
with step 4, it is interesting to observe that both R1 and 
Xi are very small in the model of the instrument which 
has been constructed, making it possible to omit the 
last step in many cases. 
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Fig. 2—This graph is used to find the normalized resistance and 
reactance after A and B have been evaluated from (4) and (5). 

When this procedure is followed, it is important that 
the loop current remain constant. If the operator ob-
serves that the loop current does not change during the 
switching cycle, he has some assurance that the pres-
ence of the loop is not altering the value of the imped-
ance being measured. If the spacing between antenna 
and loop is close, the distribution of current around the 
loop may change during the switching cycle in such a 
way that there is no apparent current change at one 
point on the loop while there may be a change at an-
other point. To guard against such an occurrence, in 
cases where close spacing is necessary, two or more 
loop meters should be used. 
An alternative method for evaluating A and B in step 

1 of the above procedure consists of adjusting the loop 
current so that the antenna current remains constant 
during the switching cycle. If the three values of loop 
current corresponding to the three switch positions are 
denoted as 'Li, ho, and ILA, respectively, A and B may 
be redefined as 

and 

I Lo 

'La 

(8) 

(9) 

This procedure has the disadvantage of always requiring 
adjustment of the loop current during the switching 
cycle, and it does not avoid the spacing difficulty; but it 
has the advantage of placing the well-calibrated meter 
in the more accessible loop rather than in the instru-
ment. This may be important in cases where the pres-
ence of the operator near the antenna affects the value 
of the antenna impedance, so that the instrument has 
to be observed through a telescope. In such cases, the 
meter in the instrument can be designed to have a 
greatly expanded upper scale with perhaps only one 
mark other than zero, and (8) and (9) can be used to 
evaluate A and B. Steps 2, 3, and 4 of the procedure are 
not changed. 
It should be pointed out that this instrument and-

procedure can be used to measure the impedance of cir-
cuit components as well as of antennas. This is done by 
placing the unknown, the instrument, and a signal gene-
rator in a closed-series circuit, holding the generator 
terminal voltage constant and following the procedure 
first outlined. 

PHYSICAL DESCRIPTION 

A photograph of the instrument is shown in Fig. 3. 
It consists of two main parts, the circuit unit at the 
extreme right and the motor-indicator unit at the left 
and center. From an RF standpoint, these two units 
are insulated from each other. The circuit unit contains 

• • •  •  •  u  •• 

: 

Fig. 3—The circuit unit is at the extreme right. Direct current from 
the germanium diode inside this unit flows through the two RF 
choke coils to the meter at the left. The motor and cam are in the 
central box and the cam action i carried to the circuit unit 
through the plastic linkage. 

the two standard capacitors, the three-position switch, 
and a capacitance-shunted germanium diode used to 
convert RF to dc. The dc is carried through the two 
visible RF choke coils to the specially calibrated dc 
microammeter at the left. 
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The motor-indicator unit contains the battery, motor, 
gear train, and cam which actuate the three-position 
switch. The mechanical action of the cam is carried to 
the switch through the plastic linkage visible between 
the two units. A rotating drum projecting from the 
motor-indicator unit has its cylindrical surface marked 
so that the operator can readily identify each meter in-
dication with the proper switch position. Position 2 
presents itself in this picture. 

Fig. 4—A dipole antenna mounted in a wooden frame for measure-
ments at 30 mc. The signal generator and loop are inside the 
brick structure in the background. The roof beneath the frame 
is covered with wire screen 

Fig. 4 shows a dipole antenna in a wooden test frame 
undergoing measurements near 30 mc. The dipole is 
made of 2-inch copper pipe, and the instrument is barely 
visible just above the center of the dipole. Both the in-
strument and the dipole are suspended from the test 
frame by common string. The roof of the building be-
neath the frame is covered with wire screen. The brick 
structure in the background houses both the signal 
generator and the loop. The loop is made of Finch cop-
per tubing formed into a circle about 4 feet in diameter, 
and it is mounted in a horizontal plane at about the 
same height as the dipole under test. 
In the case pictured here, the spacing between the an-

tenna and the loop is quite small—only about one wave-
length. Generally, a somewhat greater spacing is 
recommended. However, it is worth noting that in the 

particular situation pictured here, the loop current is 
not apparently altered by the cycling of the instrument 
switch. No investigation has been made to determine 
whether this beneficial effect is due primarily to absorp-
tion in the brick walls or to the characteristics of the 

signal circuit. 
The signal generator used in these measurements is a 

100-watt radio transmitter of standard design. The pos-
sibility of using lower power, like the possibility of using 
greater spacing, is limited by the sensitivity of the in-
strument. Sensitivity was sacrificed in the design of this 
instrument because it was desired that the values of R1 
and X1, mentioned previously, be small fractions of one 
ohm and because the relatively powerful signal genera-
tor was available. Full-scale deflection of the meter 
corresponds to an RF antenna current of about 50 ma 
and separation is limited to less than 100 feet. Presuma-
bly, it should not be difficult to increase the separation-
to-power ratio considerably by quite simple techniques. 
In the matter of frequency limitation, the model con-

structed is easily operated at frequencies up to about 40 
mc. Above this frequency, stray inductance and capaci-
tance affect the operation to the point where several 
corrections have to be made to the values of Xi and X0 
and to the meter calibration for different switch posi-
tions. Consequently, the procedure is tedious at higher 
frequencies. However, it should be noted that no un-
usual problems in fabrication of parts arose in the con-
struction of the instrument, so that it should not be 
difficult for a machinist of average skill to construct a 
model suitable for higher frequencies simply by making 
smaller parts and taking reasonable care in assembly. 

CONCLUSION 

The advantage in measuring the impedance of an an-

tenna while operating it as a receiving antenna rather 
than as a transmitting antenna is that the measuring 
equipment can be made smaller. This is true because the 
equipment connected to the antenna no longer includes 
a signal generator. Making the measuring equipment 
smaller means that it can be connected directly to the 
terminals of an antenna without having an undue ca-
pacitive loading effect. The measuring procedure used 
with the instrument described here is relatively simple 
and direct, and the degree of accuracy, while not com-
parable with that of null methods, is reasonably high. 
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In connection with step 2, if it is found that the datum 
point does not fall within the graph, the impedance 
range of the instrument is changed by changing the 
standard capacitors, or else standard elements are 
placed in series or parallel with the unknown in the same 
way as with other measuring instruments. In connection 
with step 4, it is interesting to observe that both R1 and 
X1 are very small in the model of the instrument which 
has been constructed, making it possible to omit the 
last step in many cases. 
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Fig. 2—This graph is used to find the normalized resistance and 
reactance after A and B have been evaluated from (4) and (5). 

When this procedure is followed, it is important that 
the loop current remain constant. If the operator ob-
serves that the loop current does not change during the 
switching cycle, he has some assurance that the pres-
ence of the loop is not altering the value of the imped-
ance being measured. If the spacing between antenna 
and loop is close, the distribution of current around the 
loop may change during the switching cycle in such a 
way that there is no apparent current change at one 
point on the loop while there may be a change at an-
other point. To guard against such an occurrence, in 
cases where close spacing is necessary, two or more 
loop meters should be used. 
An alternative method for evaluating A and B in step 

1 of the above procedure consists of adjusting the loop 
current so that the antenna current remains constant 
during the switching cycle. If the three values of loop 
current corresponding to the three switch positions are 
denoted as hi, /L2, and L3, respectively, A and B may 
be redefined as 

and 

1L2 
= —  (8) 
'Li 

I L2 
13 = — • (9) 

This procedure has the disadvantage of always requiring 
adjustment of the loop current during the switching 
cycle, and it does not avoid the spacing difficulty; but it 
has the advantage of placing the well-calibrated meter 
in the more accessible loop rather than in the instru-
ment. This may be important in cases where the pres-
ence of the operator near the antenna affects the value 
of the antenna impedance, so that the instrument has 
to be observed through a telescope. In such cases, the 
meter in the instrument can be designed to have a 
greatly expanded upper scale with perhaps only one 
mark other than zero, and (8) and (9) can be used to 
evaluate A and B. Steps 2, 3, and 4 of the procedure are 
not changed. 
It should be pointed out that this instrument and-

procedure can be used to measure the impedance of cir-
cuit components as well as of antennas. This is done by 
placing the unknown, the instrument, and a signal gene-
rator in a closed-series circuit, holding the generator 
terminal voltage constant and following the procedure 
first outlined. 

PHYSICAL DESCRIPTION 

A photograph of the instrument is shown in Fig. 3. 
It consists of two main parts, the circuit unit at the 
extreme right and the motor-indicator unit at the left 
and center. From an RF standpoint, these two units 
are insulated from each other. The circuit unit contains 
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Fig. 3—The circuit unit is at the extreme right. Direct current from 
the germanium diode inside this unit flows through the two RF 
choke coils to the meter at the left. The motor and cam are in the 
central box and the cam action i, carried to the circuit unit 
through the plastic linkage. 

the two standard capacitors, the three-position switch, 
and a capacitance-shunted germanium diode used to 
convert RF to dc. The dc is carried through the two 
visible RF choke coils to the specially calibrated dc 
microammeter at the left. 
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The motor-indicator unit contains the battery, motor, 
gear train, and cam which actuate the three-position 
switch. The mechanical action of the cam is carried to 
the switch through the plastic linkage visible between 
• the two units. A rotating drum projecting from the 
motor-indicator unit has its cylindrical surface marked 
so that the operator can readily identify each meter in-
dication with the proper switch position. Position 2 
presents itself in this picture. 

_ — 

Fig. 4—A dipole antenna mounted in a wooden frame for measure-
ments at 30 mc. The signal generator and loop are inside the 
brick structure in the background. The roof beneath the frame 
is covered with wire screen 

Fig. 4 shows a dipole antenna in a wooden test frame 
undergoing measurements near 30 mc. The dipole is 
made of 2-inch copper pipe, and the instrument is barely 
visible just above the center of the dipole. Both the in-
strument and the dipole are suspended from the test 
frame by common string. The roof of the building be-
neath the frame is covered with wire screen. The brick 
structure in the background houses both the signal 
generator and the loop. The loop is made of i-inch cop-
per tubing formed into a circle about 4 feet in diameter, 
and it is mounted in a horizontal plane at about the 
same height as the dipole under test. 
In the case pictured here, the spacing between the an-

tenna and the loop is quite small—only about one wave-
length. Generally, a somewhat greater spacing is 
recommended. However, it is worth noting that in the 

particular situation pictured here, the loop current is 
not apparently altered by the cycling of the instrument 
switch. No investigation has been made to determine 
whether this beneficial effect is due primarily to absorp-
tion in the brick walls or to the characteristics of the 

signal circuit. 
The signal generator used in these measurements is a 

100-watt radio transmitter of standard design. The pos-
sibility of using lower power, like the possibility of using 
greater spacing, is limited by the sensitivity of the in-
strument. Sensitivity was sacrificed in the design of this 
instrument because it was desired that the values of R1 
and X1, mentioned previously, be small fractions of one 
ohm and because the relatively powerful signal genera-
tor was available. Full-scale deflection of the meter 
corresponds to an RF antenna current of about 50 ma 
and separation is limited to less than 100 feet. Presuma-
bly, it should not be difficult to increase the separation-
to-power ratio considerably by quite simple techniques. 
In the matter of frequency limitation, the model con-

structed is easily operated at frequencies up to about 40 
mc. Above this frequency, stray inductance and capaci-
tance affect the operation to the point where several 
corrections have to be made to the values of X1 and X. 
and to the meter calibration for different switch posi-
tions. Consequently, the procedure is tedious at higher 
frequencies. However, it should be noted that no un-
usual problems in fabrication of parts arose in the con-
struction of the instrument, so that it should not be 
difficult for a machinist of average skill to construct a 
model suitable for higher frequencies simply by making 
smaller parts and taking reasonable care in assembly. 

CONCLUSION 

The advantage in measuring the impedance of an an-

tenna while operating it as a receiving antenna rather 
than as a transmitting antenna is that the measuring 
equipment can be made smaller. This is true because the 
equipment connected to the antenna no longer includes 
a signal generator. Making the measuring equipment 
smaller means that it can be connected directly to the 
terminals of an antenna without having an undue ca-
pacitive loading effect. The measuring procedure used 
with the instrument described here is relatively simple 
and direct, and the degree of accuracy, while not com-
parable with that of null methods, is reasonably high. 



1690  PROCEEDINGS OF THE December 

The Determination of Impedance with 
a Double-Slug Transformer* 

R. C. ELLENWOODt AND E. H. HURLBURTt, ASSOCIATE, IRE 

Summary—Formulas are derived and techniques given by 
means of which impedance measurements can be made by the use of 
a double-slug transformer. The required parameters are the length, 
spacing, position, and "effective" dielectric constant of the slugs, 

and the wavelength. A means for the experimental determination of 
the "effective" dielectric constant is described. The only quantita-
tive measurements required are of length. A qualitative recognition 
of the electrically matched condition is needed. 

I. INTRODUCTION 

I ELECTRIC double-slug transformers have 
been widely used for some time as broad-band 
impedance matching devices in both waveguide 

and coaxial transmission lines. The impedance transfor-
mation needed to match a given load is accomplished 
by inserting two dielectric slugs in the transmission line 
and adjusting their relative positions until the field re-
flected from the slugs cancels that reflected from the load. 
The lengths of the dielectric slugs are chosen so as to 

effectively correspond to one-quarter of a wavelength 
at the center of the frequency band for which the trans-
former is designed. This frequency will be described as 
the "center frequency." For the coaxial transmission 
line the free-space "center-frequency" wavelength X, is 
equal to 4a lle, where a is the length of each slug and e 
is the dielectric constant. For the rectangular wave-
guide, we have 

xe = 
4asie-

(,.!\ 2 
kw I 

where w is the width of this guide. 
Analyses of the parameters of the double-slug trans-

former in terms of the load being matched for the cen-
ter-frequency case have been made by Moreno,' and 
Tomiyasu.' These analyses have shown that at center 
frequency the transformer can match loads having val-
ues of vswr (voltage-standing-wave ratio) less than or 
equal to e'. The results of these analyses are of limited 
use in making impedance measurements, as they only 
apply to the center-frequency case. In this paper a more 
general analysis is made, whereby the calculations of the 
impedance can be made for any frequency. They have 
been experimentally applied only over the range 0.5 to 
1.5 of the center frequency. A further advantage in this 

Decimal classification: R244. Original manuscript received by 
the Institute, June 4,1951; revised manuscript received, June 9,1952. 
t U. S. Department of Commerce, National Bureau of Standards, 

Washington 25, D. C. 
1 T. Moreno, "Microwave Transmission Design Data," McGraw-

Hill Book Co., Inc., New York, N. Y., pp. 108-110; 1948. 
K. Tomiyasu, "A Technical Memorandum on Double-Slug Im-

pedance Matching," T. M. 6 Cruft Laboratory, Harvard University, 
Cambridge, Mass.; August, 1949. 

analysis permitting the use of frequencies removed from 
the center frequency is, as will be shown, that a self-
calibrating measurement of the "effective" dielectric 
constant of the device can be made. 
The double-slug transformer offers certain advan-

tages over other types of impedance-measuring instru-
ments, particularly the slotted line. Foremost is the fact 
that the only electrical measurement required is the rec-
ognition of a matched condition, whereas the slotted line 
requires the evaluation of the relative magnitudes of 
electric fields. New and improved devices,' including 
directional couplers, magic tees, multi-arm bridges, 
multi-probe systems, used with movable, "reflectionless" 
loads,' have made the determination of a matched con-
dition to the required degree of accuracy a relatively-
simple problem. Further advantages of this instrument 
were found in the course of the measurements, where it 
appeared that the effects of lateral motions of the slugs 
and irregularities in the conductors produced no detec-
table effects, whereas similar effects produce serious dis-
turbances in the results obtained from a slotted line. It 
should be pointed out that the width of the narrow slot 
of the double-slug transformer employed could be re-
duced as it serves only a mechanical need. Of course, 
since the instrument requires no probe, errors from that 
source disappear. An additional advantage in the coaxial 
application of this device is that the slugs themselves 
serve as supports for the center conductor. Thus, the 
length of the instrument can be increased and measure-
ments made at lower frequencies. In a precise slotted 
line the sag of an unsupported center conductor limits 
the length of the instrument and sets a minimum usa-
ble frequency. 
The principal disadvantage in the method is that an 

accurate measurement of the "effective" dielectric con-
stant must be made. An error in this determination can 
be the most serious cause of error in an impedance 
measurement. 

II. DERIVATION OF FORMULAS 

The determination of an arbitrary impedance by a 
double-slug transformer requires suitable expressions 
which are dependent only upon the measurable parame-
ters of the transformer. The normalized impedance of Z 
of any load can be expressed as' Z=R-FjX=coth 
=coth (p+jc6). If S is the length of transmission line 
from the load to a voltage minimum, transformed nor-

° E. Ginzton and P. Goodwin, "A note on coaxial Bethe-hole di-
rectional couplers," PROC. IKE., vol. 38, pp. 305-309; March, 1950. 

4 R. Grantham, "A reflectionless waveguide termination," Rev. 
Sci. Inst.. vol. 22, pp. 828-834; November, 1951. 

6 R. King, "Transmission-line theory and its application," Jour. 
Appl. Phys., vol. 14, pp. 570-600; November, 1945. 
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malized impedance looking in at this minimum will be 
Z.= R.=coth 0.=coth (p+koS-Fj0), where ko=a0+ 
ij0,3 is the complex propagation c )nst ant for an air-filled 
transmission line, either coaxial or waveguide. Now at a 
voltage minimum we have Z.= 1/r, where r = vswr, and 
the phase angle appearing in the hyperbolic cotangent 
, must be 7112. Hence, we may also write Z.= coth 
t jr12)=11coth p.= 1/r. Equating the real and 
imaginary parts of these relations, we have p. =p-1-0.0.5 
and 0+30S =r,'2. For a transmission line of either kind 
. filled with a dielectric other than air, the complex propa-
gation constant is k =a+ j3 and the dielectric constant 
may be regarded as complex, being e  —j''. 

TT1Zs 

24,  Zs  ,E) z, 

VOL TAG( 
TA,V,TAuTA 

Fig. 1—Dielectric slugs inserted in an arbitrary transmission line ter-
minated with an impedance Z. 

If a load Z is attached to the double-slug transformer 
as shown in Fig. 1, the normalized impedances presented 
on each side of the four boundaries may be written as: 

= coth 0 = coth (0. + kod) 

= coth  A- and  j(zr/2 00d1 

= coth 01' = N/Z i = coth 0, -- coth  kod), 

= coth 02 = coth (01' + 

1  1 
Z2 = coth 02 = 12' =   coth 0,', 

e 

Zs = coth 03 = coth (02 + kon, 

Zs' =  coth 03' = N/e-Z3 = v'coth 03, 

Z4' = coth 04' = coth (03' + ka), 

1 1 
Z4 = coth 04 =  Z4' =  coth 94% 

N/t 

where the unprimed Z's are normalized impedances in 
the air-filled line and the primed Z's are normalized im-
pedances in the dielectric filled line, taken at each inter-
face. The length of each slug is a, the distance between 
the slugs is 1, and the distance from the first slug to the 
voltage minimum is d. If the transformer is adjusted by 
varying 1 and d so that a matched condition prevails to 
the left of the fourth boundary, we will have Z4 =1. 
These eight equations, together with the expression 

for Z, given previously, may be combined to give: 

1-Fr coth kod+\/i r coth ka+N/; coth ka coth kod 

N/; coth kod+coth ka+ r coth ka coth kod 

coth ka coth ko/ — coth kJ— coth ka+e-Ye 
_  _  

coth ka coth kol—e coth ko1+1—  coth ka 

where all Z's and O's have been eliminated, Z4 being 
unity as indicated above. While r could be evaluated 
from the above equation, some simplifying assumptions 
can be made without serious loss of accuracy. First, the 
air-filled transmission line may be assumed lossless. 
Then «0=0 and ko=j00, coth kod= —j cot 130d, and 
coth kol= —j cot 00/. The second simplifying assump-
tion is that the dielectric material itself is lossless. In 
this case e" =0 and a =0 so that e =e', k=j3 and coth 

ka= — j cot 3a. 
The introduction of these simplifications into (1) per-

mits a ready separation of the real and imaginary terms 
into two separate equations, each of which is solved for 
cot Ood. By eliminating cot Ood between these equations. 
the following quadratic equation in r is obtained: 

r2 — (b + 2)r + 1 = 0, (2) 

where 

b=  

— ‘Te(1 — 

Solving (2), Nye have 

2$a) sin ,30/ 

1 2 
2,3a cos do/} . (3) 

r =  b \ ( 6\2. (4) 
2 2 I 

Thus the vswr of the load can be calculated from a 
knowledge of e, a, 13o, fi, and the spacing 1 between the 
slugs when the matched condition is obtained. The con-
stants of the particular slugs used are e and a, and, as 
usual, iSio = 2w lo and 3= 2w X. w here X0 is the wavelength 
in the air-filled line and X. is the wavelength in the 
dielectric-filled line. In the coaxial case Xo will be the 
free-space wavelength and X. = X0/ /e. In the wave-

guide case 

Xo = Xo = X 4/1 — (-1 )2 
2w 

(the guide wavelength) and 
2 

X. = , 
2w 

where X is the free-space wavelength and w the guide 

width. 
In order to fully determine the impedance, the dis-

tance S from the load to a voltage minimum must be 
found, as well as r. S is not directly measurable, but the 
distance D (as shown in Fig. 1) from the first slug to the 
load can be directly measured. Since S = D —d, the dis-
tance to the voltage minimum can be found by using the 

following equation: 

(1) 
where 

cot Ond = 1 ') (5)  m " V ( 2)2 C 2  m  n  n 
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and 

m — 1)2 — (e  1)2 cos 20a] sin fl 01 — 2  (6 + 1) sin 20a cos 001 

[(e + 1) sin 20a sin 13a — 2v; cos 20a cos 00/I 

(e2 — 1)(1 — cos 20a) sin 1301 — 2 0— (e — 1) sin 2fla cos #01 
n = 

Vs 1(s + 1) sin Ma sin i3o1 — 2Ve cos Ma cos 00/I 

The form of (5) gives cot fiod without any ambiguity of 
sign arising from the radical. Thus, d can be calculated 
from a knowledge of the same parameters used to ob-
tain r. 

4 
2 

16 E.4 

E•3 

E 2 

2 
Stc 61c 

11 C etc 9fc  c Ifc 

FREQUENCY 

Fig. 2—Matching capabilities of double-slug transformers using slugs 
with various dielectric constants. 

121c  13f 1 4te 1.51c 

For frequencies other than center frequency the maxi-
mum vswr which can be matched by the transformer is 
less than €2. Fig. 2 is a graph of the effect of frequency 
variation upon the matching capability of transformers 

Fig. 3—VSWR versus slug separation. (s=3) 

having dielectric constants of 2, 3, and 4. Fig. 3 is a 
graph for e = 3 of (4), giving the vswr of the load versus 
/30/ for frequencies from 0.5 L to 1.5 L (f; being center 
frequency). A graph of god versus 00/ from (6) is shown 

(6) 

(7) 

in Fig. 4. Here, also, e =3 and the frequency range is 
from 0.5f, to 1.5 L.° 
Since the dielectric slugs are required to slide freely in 

the transformer, they cannot have a perfectly tight fit. 

40 
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". 
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I 

Fig. 4 — Position of voltage minimum versus slug 
separation. (s=3) 

The effect of this looseness of the slugs is to produce an 
"effective" dielectric constant that is less than the nomi-
nal value for the material used.7 It is possible to obtain 
the "effective" value of the dielectric constant from an 
experiment upon the transformer itself. Here it is neces-
sary to know the value of 1 corresponding to the maxi-
mum possible vswr at some frequency different from L. 
This value of 1 will be designated /„,. For example, the 
distance 1 at the maximum point of the 1.1 fc curve of 
Fig. 3 is the 1„, at this frequency. Since r is maximum 
when b is maximum, we may set the derivative with re-
spect to 1 of (3) equal to zero, obtaining 

e  1 
tan 00/„, = — tan 13a, 

2 Ve 

where 0 is dependent on s, being 2w //X in the coaxial 
case and 0= 271-Ve— (X/2w)2/X for waveguides. It can 
be seen from Fig. 3 that there are two values of 1,11 and 
/2 both less than X0/2, for a specified frequency, at which 
any vswr less than the maximum can be matched. Since 
the curves of Fig. 3 are symmetrical about their maxi-

The graphs are drawn for the coaxial case for   •  
which 20a =.7r(t/f,) 

(8) 
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mum points, /. = (/1+ /2)/2. Thus, using an arbitrary 
load having a vswr less than the maximum possible for 
the frequency used (the exact vswr need not be known), 
the two positions of match l and 12 can be found. Then 
1,„ is the average of these and can be introduced into (8) 
along with the appropriate expression for 13 in terms of e. 
The resulting transcendental expression can be solved 
by successive approximations, yielding the "effective" 
value of e for the particular slugs used, taking into ac-
count the looseness of the fit. This "effective" value of e 
should be used in (3), (6) and (7) in obtaining r and d. 
An error in the determination of the effective dielectric 
constant of the slugs produces an error of the same 
order in the measurement of vswr. 

III. EXPERIMENTAL PROCEDURE AND DATA 

The experimental data presented in this paper were 
obtained using a coaxial transmission-line system. The 
coaxial transformer used was representative of the com-
mercially available double-slug type having a center fre-
quency of approximately 1,050 mc. The procedure de-
scribed above leads to an "effective" dielectric constant 
of e =2.97 for this transformer. This value of e, together 
with a = 3.95 cm (as measured for this instrument) were 
substituted into (3), giving 

N/6 = 1.313 (1 - cos 27.26 -) 
X 

sin 27r - 
X 

ir 

- 1.143 sin 27.26 - cos 27r -, 
X 

(9) 

where X is the free-space wavelength in cm. 
To test the accuracy of the double-slug method, the 

transformer and a slotted-line were each used to meas-
ure the vswr of two loads at several frequencies. In set-
ting the slug positions to obtain the matched condition, 
the following procedures were followed: The slugs were 
first brought into contact so that / = 0, and d was ad-
justed to obtain the best match. Then / was increased, d 
being readjusted at each step, until the residual vswr 
was 1.02 or less. At center frequency the error this 
residual vswr introduces into the calculated vswr can be 
determined from the following equation: 

otr - 1\te2 + 1\ 

kr +  k  e2- 1) 
1 

+  62 {  r -r2 - 1  + (E2 -  1)} 

where Arir is the fractional error in vswr and 8=p-1, 
p being the vswr of the residual mismatch. 
The slotted-line measurements were made using a 

bolometer in conjunction with a precise standing-wave 
machine. This machine was known to have inaccuracies 
of +2 per cent in the indication of relative voltages. The 
signal source had an output of 1 to 10 watts so that only 

(10) 

small probe coupling was required. A tuned detector 
probe was used, and low-pass filters and an attenuation 
pad were inserted between the generator and the meas-
uring equipment. Comparative data are tabulated in 
Table I, the vswr for the double-slug transformer being 
obtained by using in (4) the value of b calculated from 
(9). The data show agreement within 5 per cent for 
vswr measurements made by the two methods. 
To measure the phase angle, the above values of e 

(2.97) and a (3.95) were substituted into (6) and (7), and 
from the resulting two equations d was calculated us-

ing (5). 

TABLE I 

Freq 
mc 

vswr by 
slotted 
line 

vswr by 
Dbl-slug 
trans 

vswr by  vswr by 
slotted  Dbl-slug 
line  trans 

700 
800 
900 
940 
1000 
1070 
1100 
1150 
1220 
1270 
1300 
1400 

7.00 
4.80 
3.35 
2.60 
2.85 
4.00 
5.20 

7.22 
4.73 
3.28 
2.62 
2.98 
3.81 
5.04 

3.03 
3.10 
3.20 
2.85 
2.65 
2.30 
2.05 
2.10 
2.10 
2.20 
2.30 
2.20 

2.96 
3.00 
3.12 
2.78 
2.57 
2.20 
1.95 
2.06 
2.08 
2.25 
2.28 
2.26 

The average differences between S measured with the 
transformer and as measured by the slotted line were 
0.065 cm and 0.21 cm in two cases. In terms of one-
half wavelength as a unit, these differences were 0.5 per 
cent and 1.1 per cent, or in electrical degrees they were 
0.9° and 2.0°. 
In most cases, the discrepancies in both vswr and 

phase angle between measurements made with the dou-
ble-slug transformer were of the order of magnitude of 
errors commonly encountered in slotted-line measure-
ments.° Although the transformer was not designed as a 
precise measuring instrument, the results obtained were 
comparable with those of a good-quality slotted-line, 
and measurements made showed good repeatability. 

IV. CONCLUSION 

Formulas and techniques have been described by 
means of which impedances can be measured with a 
double-dielectric-slug transformer. A relatively crude 
instrument of this type has made measurements com-
parable in accuracy with a precision slotted-line. The 
measurements were easily made and readily repeated. 
Errors due to excessive probe penetration and unknown 
or uncertain law of the detector and amplifier response 
are eliminated. The slotted-line ordinarily requires a 
calibrated indicating system, whereas the double-slug 
transformer requires only the recognition of a matched 
condition and the measurement of a fundamental quan-
tity, length. 
$ H. E. Sorrows, W. E. Ryan, and R. C. Ellenwood, "Evaluation 

of coaxial slotted-line impedance measurements," PROC. 1.R.E., vol. 
39, pp. 162-168; February, 1951. 
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Field Strengths Recorded on Adjacent FM Channels 
at 93 MC Over Distances from 40 to 150 Miles* 
G. S. W1CKIZERt, SENIOR MEMBER, IRE AND A. M. BRAATENt, SENIOR MEMI3ER, IRE 

Summary—Field strengths of KE2XCC (93.1 mc, Alpine, N. J.) 

and WBZ-FM (92.9 mc, Boston, Mass.) have been recorded for 
more than a year at two locations (Hauppauge and Riverhead) on 
Long Island. Statistical analysis of data for the evening hours reveals 

a broad seasonal trend toward higher intensities in the summer, 
with larger over-all variation on the longer transmission paths. Based 

on analysis of one summer month, refraction effects appeared to vary 
independently in the two directions. During periods of rapid and 
violent fading, hourly median field strengths of WBZ-FM varied 
over a range of 32 db at Riverhead and 25 db at Hauppauge. Further-

more, kr the above-mentioned fading conditions, it was observed 
t'.at on the 150-mile path, the hourly curves of field-strength dis-

tribution with time approached a log-normal distribution when the 
median field was less than 10 db above 1 pv per meter, and a Ray-

leigh distribution when the median field was greater than 15 db 
above 1 Aiv per meter. 

INTRODUCTION 

HE RESULTS of duplicating frequency assign-
ments in the present television and frequency-
modulation broadcasting bands quickly revealed 

that a knowledge of field-strength variability at these 
frequencies is an important factor in planning a nation-
wide service. At times, refraction of signals over the 
horizon provided service to greater distances than was 
anticipated, and, consequently, some areas received 
usable signals from two or more transmitters on the 
same frequency. 
In order to obtain additional data relative to the field 

strengths and field-strength variations involved in the 
problem of co-channel interference, RCA Laboratories 
initiated a program of field-strength recording in the 
Spring of 1949. The plan was to observe continuously 
the signals of two frequency-modulated stations, on 
adjacent channels, but arriving from considerably dif-
ferent directions. To supplement and amplify the in-
formation desired, the measurements would be made at 
two separated locations, rather than at just one. The 
stations selected for observation were WBZ-FM, 92.9 
mc, at Boston, Mass. and KE2XCC, 93.1 mc, at Al-
pine, N. J. The receiving locations were Riverhead and 
Hauppauge, Long Island. 

TRANSMISSION PATHS 

The transmission paths are shown on the map of Fig. 
1. The receiving site at Riverhead is located on level 
ground about 20 feet above sea level. The Hauppauge 
receiving site is on top of a hill which is 195 feet above 
sea level and about 125 feet above the average terrain. 
Profiles of the transmission paths from Boston have 

• Decimal classification: R271.3. Original manuscript received by 
the Institute, December 21, 1951; revised manuscript received June 
16, 1952. 
t Radio Corporation of America, RCA Laboratories Division, 

Riverhead, L. I., N. Y. 

been plotted in Figs. 2 and 3. On the path from Alpine, 
the Hauppauge receiving antenna lies approximately 
50 feet below line-of-sight, on a 4/3 earth's radius pro-
file. The Riverhead antenna is roughly 600 feet below a 
similar line-of-sight. 
Calculated values of free-space field strengths at the 

two observation points, expressed in decibels above 1 Atv 
per meter, are given in Table I. 

TABLE I 

FREE-SPACE FIELD STRENGTHS 

Transmitter Receiving 
Location 

Ec, 
db above 
1 pt, fm 

KE2XCC, Alpine 
KE2XCC, Alpine 
WBZ-FM, Boston 
WBZ-FM, Boston 

Hauppauge, L. I. 
Riverhead, L. 1. 
Riverhead, L. I. 
Hauppauge, L. I. 

87.6 
83.2 
73.7 
72.2 

T RA N SM ITTE RS 

The effective radiated power of WBZ-FM was 20 kw, 
with an antenna height of 495 feet above the average 
terrain. KE2XCC operated with 50-kw effective radi-
ated power, with the antenna 795 feet above the average 
terrain. 

The schedule of NNTBZ-FM was from 8:15 a.m. to 10 
p.m., local time, each day. The normal schedule for 
KE2XCC was from 4 p.m. to 11 p.m., but this was re-
vised to include more daylight time during the last six 
months of the recording. All time notations have been 
expressed in Easterr Standard Time, to avoid confusion 
during the period when Daylight Time was in effect. 

RECEIVING ANTENNAS 

All receiving antennas were located at a height of 30 
feet above ground. For the Boston., signal, where maxi-
mum gain was needed, an array of two rhombics, 
stacked one above the other, was employed. The indi-
vidual rhombics were separated by a half wavelength 
(5 feet) vertically, and displaced a quarter wavelength 
with respect to each other along their major axes, for 
increased front-to-back ratio. Each rhombic was two 
wavelengths per leg, with a tilt angle of 54°. Identical 
antennas were used for the reception of WBZ-FM at 
both Riverhead and Hauppauge. 

For reception of Alpine at Riverhead, a 90-degree 
corner reflector, with sides 8 feet long by 7 feet wide, 
was used. A folded dipole was located at a point in the 
reflector calculated to match the impedance of RG-
22/U twin-conductor transmission line. At Hauppauge, 
the relatively strong fields from Alpine permitted the 
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MASS. 

CONN. 

N.Y. 

WBZ-FM 
BOSTON 

ATLANTIC  OCEAN 

Fig. 1—Map showing locale of measurements and traasmission paths. 

RIVERHEAD 
L.I., IV. Y. 

' 
120  /10  /oo  d  ' o  80  70 

HAUPPAUGE 
L.I., N.Y. 

50  4'0  30 0  / 10 

STATUTE MILES 
Fig. 2—Profile from WBZ-FM, Boston to Riverhead, 4/3 earth's radius. 

STATUTE  MILES 
Profile from WBZ-FM, Boston to Hauppauge, 4/3 earth's radius. Fig. 3 

use of a simple half-wave dipole, connected to the re-
ceiver by 75-ohm, balanced transmission line. 

RECEIVING AND RECORDING EQUIPMENT 

The receiving equipment at both locations was placed 

in temperature-controlled, insulated rooms to improve 
the stability of the receivers. Heat was supplied elec-
trically, and a ventilating fan, drawing air from be-
neath the building, provided a means of cooling. All re-
ceivers were of the double-conversion type of super-

WBZ-FM 
BOSTON 

heterodyne, with bandwidths of 150 kc at 3 db down 
from maximum response. 
Records of the receiver outputs were made by means 

of Engelhard recording microammeters, having a chart 
speed of I inch per hour. This type of recorder operates 
mechanically every 15 seconds to mark a dot at the 
deflection of the galvanometer at that instant. Auto-
matic totalizers' having twelve adjustable levels were 

1 R. W. George, "Signal strength analyzer," Electronics, vol. 24, 
pp. 75-77; January, 1951. 
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installed on all except the Alpine receiver at Hauppauge 
at various times between June, 1949 and January, 1950. 
However, the Engelhard recorders were also kept in 
operation as monitors on signal performance. The to-
talizer equipment included a 16-mm camera with elec-
trical timer to take a single-frame picture of the counter 
readings every hour. This proved quite flexible, in that 
individual hours could be abstracted if desired, or longer 
periods considered, such as separating days into day-
time and evening hours. 

METHOD OF ANALYSIS 

The most useful type of signal-strength analysis ap-
pears to be in the .form of a curve showing per cent of 
time above any given field-strength level. In this paper, 
the data have been summarized in periods of one month 
each. This is long enough to average out the effects of 
individual days, and short enough to show seasonal 
trends if they are present. 
The various comparisons reported herein were made 

on the basis of hourly medians, as derived from the to-
talizer films. Although comparisons made over shorter 
periods might be desirable, different measuring tech-
niques would be required, and it is felt that the compari-
son of hourly medians gives an indication of general 
transmission characteristics. 

RESULTS AND DISCUSSION 

Field-Strength Studies 

Fig. 4 is the form in which the monthly data for the 
entire period of measurements were drawn up. 

so WBZ-FM  AUGUST 1949 
RIVERHEAD.IV. Y 

70 

60 

SO' 

40 
6 PM TO 9 R Al. E.S.T 

SEP 

20, 

8 A. M. TO 6.R M. EST 
o _J 

10 
0.0/ 01  /0 SO 90  99  999 .99 9 

7;OF TIME ABOVE INDICATED LEVEL 

Fig. 4—Typical field-strength distribution for day and 
evening hours, August, 1949. 

9 

Figs. 5 through 8 have been prepared as summaries of 
all signal recordings for the evening hours. These have 
been derived from the monthly time-analysis curves 
similar to Fig. 4. The Alpine signal at Hauppauge was 
observed to fade to lower levels for short periods during 
the winter months (Fig. 5). At Riverhead, there was a 
seasonal variation toward higher maximum levels dur-
ing the summer months. On a monthly basis, the maxi-
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Fig. 5—Summary, field-strength analysis during evening hours, 
KE2XCC at Hauppauge. 
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Fig. 6—Summary, field-strength analysis during evening hours, 
KE2XCC at Riverhead. 
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Fig. 7—Summary, field-strength analysis during evening hours, 
WBZ-FM at Riverhead. 
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mum level at Riverhead occasionally approached the 
corresponding level at Hauppauge (Fig. 6). 
The graphs for Boston fields, in Figs. 7 and 8, exhibit 

a seasonal trend at all time levels, with somewhat more 
variation at the greater distance. The times of strongest 
refraction do not occur in the same month in the two 
years, nor do they occur in the same months at the two 
locations. 
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Fig. 8-Summary, field-strength analysis during evening hours, 
WBZ-FM at Hauppauge. 

Fig. 9 is a comparison of the adjacent-channel signals 
D n the basis of hourly median values at Riverhead. To 
simplify the comparison, the individual hourly medians 
have been compared to the monthly median for each 
signal, and the results, expressed as departure from the 
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Fig. 9-Compar'son of fading, simu taneous hour y medians at 
Riverhead, evening hours, July, 1950. 

monthly medians, plotted in Fig. 9. From the general 
appearance of this plot, it appears that the adjacent-
: channel fading at Riverhead is not simultaneous, when 
: considered on an hourly basis. To further illustrate this 
point, the original data from which Fig. 9 was derived 
t have been replotted in Fig. 10. This is a direct compari-

son of hourly median field strengths, analyzed with re-
spect to time. Assuming that KE2XCC, Alpine, is the 
desired signal, this plot is a statistical analysis of the 
ratio between the desired and the adjacent-channel sig-
nal strengths. The shape of the curve indicates a log-
normal distribution of this ratio, extending plus and 
minus 18 db from the monthly median value. 
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Fig. 10-Fading analysis, comparison of simultaneous hourly 
medians at Riverhead, evening hours, July, 1950. 

Scatter Fading 

The behavior of the Boston signal was studied during 
periods of fairly rapid and random fading, when propa-
gation might be expected to be by way of tropospheric 
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Fig. 11-Field-strength analysis under conditions of rapid and 
random fading, WBZ-FM received at Riverhead and Hauppauge, 
November, 1950. 

scattering. Atmospheric stratification is less common 
(luring the colder months of the year and at these times 
propagation is more likely to take place by way of re-
flections from small tropospheric irregularities. Accord-
ingly, the recorded charts for the two longest paths were 
inspected for a period in November, 1950, and the hours 
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tabulated when the record indicated scatter fading. 
Field-strength data were then transcribed from the to-
talizer films for these individual hours. The summation 
of 201 such hours is shown in Fig. 11. Both curves ap-
proach a log-normal distribution of field strength, with 
the Hauppauge signal exhibiting somewhat less over-all 
variation. 
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Fig. 12—Analysis of simultaneous hourly medians under scatter-
fading conditions, WBZ-FM received at Riverhead and Haup-
pauge, November, 1950. 

Variation of field strength with distance under condi-
tions of scatter fading was studied in more detail by 
plotting curves of field-strength distribution with time 
for each hour, for both receiving locations. From these 
curves, values of hourly median field strength were ob-
tained. Comparisons of median field strengths at River-
head and Hauppauge were analyzed with respect to 
time, and the result plotted in Fig. 12. 
In plotting time distribution curves for the individual 

hours of scatter fading, it was observed that the shape 
of the curves varied between a Rayleigh distribution 
and a log-normal distribution. More careful study indi-
cated that when the signal level was relatively high, the 
distribution of field strength with time was essential] ••• 
Rayleigh, while at lower levels the distribution was 
more nearly log-normal. It should be emphasized that 
the higher levels referred to are those received under 
conditions of rapid and random fading, and not the 
much higher levels attributed to abnormal refraction. 
As might be expected, there were a number of hours 
when the time analysis was neither Rayleigh nor log-
normal, but rather a combination of the two general 
types. 
A striking example of the change in character of the 

time-field distribution for different levels took place on 
November 20, 1950. Fig. 13 is a replot of the day's rec-
ord. This record is not representative of usual propaga-
tion conditions over the path, for the reasons that scat-
ter fading was observed over the entire day, and the 
normal diurnal trend of field strength was reversed. 
Although the record is unique, it does provide an excel- , 
lent illustration of the point under discussion. Two well-
defined levels of reasonably steady median fields, 
differing by some 14 db, are evident. These are separated 
by a transition period lasting less than an hour. 
Individual field-strength distribution curves for all 

hours of the day shown in Fig. 13 are depicted in Fig. 
14. These were plotted from the corresponding totalizer 
data. The curves for the higher level approach the Ray-
leigh distribution. Those for the lower level are more • 
nearly log-normal, being symmetrically disposed about 
their median values on a logarithmic scale of field 
strength. The curve for the hour of transition lies be-
tween the two groups of curves, its median being very 
near the median value for all hours of scatter fading 
analyzed. 
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The importance of avoiding changes in level during 
iny period under study will be evident from the effect 
3n signal distribution caused by the transition above. 
As a rule, it was difficult to find periods as long as an 
'hour in which a noticeable change in the median level 
did not occur. In this respect, the record of November 
20 is most unusual. 
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Fig. 14—Field-strength distributions for individual hours of 
recording shown in Fig. 13. 

gs 

It is interesting to note that if a large enough number 
of the fading periods in question are analyzed as a whole, 
the curve obtained is essentially log-normal (cf., Fig. 
11). The reason for this will be apparent if one visualizes 
the low-level section of the record of Fig. 13 to be super-
imposed on the high-level section. The sparsely occupied 
lower portion of the high-level trace will, in effect, be 
filled in, resulting in a more uniform over-all distribution 
of field. 
It would appear that on these particular transmission 

paths, when the signal is weak, scatter fading is caused 
by reflection in a turbulent medium, which at any in-
stant may be represented by a multiplicity of relatively 
small atmospheric discontinuities of random sizes and 
shapes. The phase relationships of the reflected com-

ponents would be random, and their amplitudes would 
be determined by the effective coefficients of reflection 
at the various discontinuities. When the signal is 
stronger, but still scattered, propagation possibly takes 
place in a less turbulent medium, where more or less 
stratification exists. The reflected components become 
more nearly equal in amplitude, while the phase rela-
tionships remain random. The first set of conditions 
would account for a log-normal distribution of field 
strength with time; the latter conditions would satisfy 
the definition of the Rayleigh law. It is, of course, to be 
expected that varying degrees of combination of these 
two conditions may be found at a given time. 

CONCLUSION 

Field-strength studies based on data taken during the 
evening hours revealed somewhat different performance 
on all transmission paths. At a distance of 40 miles, over 
a nonoptical path, the fading range was relatively small, 
with occasional short fades to lower levels in the winter 
months. At a distance of 67 miles, a seasonal trend to-
ward appreciably higher maximum values in the sum-
mer was noted. On the 127- and 150-mile paths, the 
variation was greater throughout the year, with con-
sistently higher field strengths recorded in the summer. 
Refraction effects appeared to vary independently in 
the two directions, based on analysis of one summer 
month. At Riverhead, the ratio between Alpine and Bos-
ton fields varied from 42.3 to 5.1 db, when simultaneous 
hourly medians were compared. 
Analysis of field-strength data recorded on the 150-

mile path during periods of rapid and random fading re-
vealed several interesting points. When data from all 
such periods were considered together, the field-strength 
distribution with time was found to be substantially log-
normal. For median fields less than 10 db above 1 Av per 
meter, the hourly distribution was also log-normal. For 
medians exceeding 15 db, the corresponding distribution 
was found to be essentially Rayleigh. Thus it appears 
that the shape of the hourly distribution curves may 
provide a clue to the method of propagation. 
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A Comparison of CW Field Intensity 
and 11:tckscatter Delay* 

W. L. HARTSFIELDt AND R. SI LI3 ERSTEI Nt, SENIOR MEMBER, IRE 

Summary—Determination of failure and recovery times from 
backscatter records at 15 mc on a 2700-km path was done with good 
agreement. Certain disturbed days gave anomalous scatter records. 
Rapid changes in these records were compared with motion of 
ionospheric irregularities, rates being of the same order of magnitude. 
This paper is essentially a condensation of National Bureau of 

Standards Report No. 1297, November 16, 1951. 

• I. OBJECTIVE 

A X PE R 1 1\ 1 F.NTS by various investigators have in-
dicated that one prominent group in most ob-

  served scatter-echo patterns should be ground-
scatter propagated via F2 layer"23 .45 '6 because of focus 
effects at the edge of the skip distance.' The objective 
of this experiment was to study the relationship of back-
scatter to skip phenomena by comparing the field in-
tensity of the 15,000-kc W WV signals received at the 
White Sands Proving Ground, New Mexico, with the 
recorded delay times for the backscatter received at 
Sterling, Virginia from a pulse transmitter operating at 
approximately 15,000 kc. 

II. EQUIPMENT 

The White Sands receiving station was equipped with 
a conventional field-intensity recorder. Calibrations 
were made in terms of microvolts input to the receiver. 
The transmitter at Sterling, Virginia had a 500-kw peak 
power output of 4O-sec pulses 25 times per second. 
The directional antenna for the pulse transmitter, 

with characteristics similar to those of the antenna in 
footnote reference 2, was oriented at an azimuth of 263 
degrees from true north. The receiver was a communica-
tions type modified for pulse reception, and a Loran in-
dicator was used to display A-scope patterns for single-
frame photography. In later stages of the work a range-
time recorder was used. The receiving antenna was a 

* Decimal classification: RI13.242. Original manuscript received 
by the Institute, November 19, 1951; revised manuscript received 
June 4, 1952. 
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4 A. M. Peterson, "The mechanism of F-layer Propagated hack-
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ping vcr i(l.j.tecrit to the transmitting antenna and 
oriented in the same direction. A precise oscillator and 
frequency divider unit supplied trigger pulses to the 
transmitter as ‘s ell as trigger pulses and marker pulses 
to the range-time recorder. 

111. 1 /ESCRIPTION OE RANGE-TIME HACK-
ScATTER REcoims 

Fig. 1 is an illustration of a typical range-time record. 
The abscissas represent time in GUT running from left 
to right, and the ordinates represent delay in millisec-
onds. (This figure and other photographs were retouched, 
where necessary, for reproduction.) 
On a normal day, such as that represented in Fig. 1 (if 

one can distinguili a trace which is normal from arum& 
the great variel v of patterns which are obtained on the 
range-time records over a perio(l), there is a fairly dense 
line running along the time axis at the delay time asso-
ciated with the F2-layer skip distance. In the early eve-
ning this line starts increasing in delay time and runs out 
as the skip distance increases. Usually this distance in-
creases to a point where the echoes are too weak to re-
cord, being limited by low-angle antenna response. A 
normal ground-scatter return is frequently seen to be 
composed of a group of separate echoes which start up, 
change in range, and die out while overlapping echoes 
at slightly different ranges do the same thing. Possible 
reasons for this type of structure are discussed under 6 
below. 

At dawn, the F2 ground scatter returns with rapidly 
ra.nge. but is mixed with a great deal of 

close-in scatter NV b it'll may possibly be caused by strati-
fication in the E region at the time of regular ionization 
increase. Later, these complex echoes disappear, per-
haps !because of increased ionospheric absorption, and 
leave the ground-scatter echoes at the regular F2 skip 
distance, except tinder certain disturbed conditions 
where the F1 layer may control propagation. 
Fig. 2 illustrates a normal day with strong, steady, 

nearby echoes, which remain at about the same delay as 
the ground-scatter echo propagated via F2 increases in 
delay with increase of skip distance. This effect seems 
to be caused by the presence of strong sporadic-E ioni-
zation. Figs. 3 and 4 are two very dissimilar records for 
disturbed days. They are discussed in further detail tin-
der 6 below. 

IV. NIETHOD OF EXTRACTING THE DATA 

Backscatter records of the general type of Figs. 1 
through 4 for spring, summer, and late fall of 1950, and 
in some cases A-scope records, were examined and the 
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Fig. 1—Normal day:record. December 4-5,!1950. 

delay times in milliseconds between the transmitted 

; pulse and the earliest peak of energy in the F2-propa-
. gated ground-scatter group were plotted against Green-
• wich Civil Time. In some ambiguous cases traces at dif-
ferent ranges were plotted simultaneously. 
The field-intensity record for the same day as that of la given scatter record was examined and, using the same 

time scale, a smoothed curve of the corresponding field 
i intensity in decibels above 1-µv input to the receiver 
i was plotted, so that it was possible to compare field in-1 tensity of the W WV 15,000-kc signals at White Sands, 
New Mexico, and the pulse delay times recorded at 
Sterling, Virginia. On each graph are placed two iono-
spheric disturbance figures, the Washington / figure and 
the North Atlantic Q figure (disturbance criteria in use 
by the National Bureau of Standards) for the periods 
covered, for qualitative evaluation of propagation con-
ditions. Fig. 5 is a set of such plots. 
In the experimental comparison of backscatter and 

point-to-point field-intensity records, the degree of com-
plexity of the field-intensity records was such that it 
was difficult to establish the exact time of path failure 
and path recovery consistently from record to record. 
Therefore, a specific characteristic of the field-intensity 

2300 

01100 

record had to be defined as indicative of the start of path 
failure and the end of path recovery. The complexities 
appeared to be a result of ionospheric irregularities," 
which cause different rates of failure and sometimes tem-
porary partial recovery during a failure period. Almost 
all of the records exhibited a period of increased field in-
tensity because of the focus at the edge of the skip dis-
tance just prior to an initial sudden sharp drop. " It 
was the start of the initial sharp drop which was taken 
as the start of path failure and compared with the scat-
ter records, since it was deemed that partial recoveries 
did not represent a pure mode and often not a great-cir-
cle mode. The end of a sharp rise was treated in the 
same manner with regard to path recovery. Further-
more, the length of time after the initial drop that these 
modes could be observed was highly variable, being a 

° E. N. Bramley and W. Ross, "Measurement of the direction of 
arrival of short radio waves reflected at the ionosphere," Proc. Royal 
Soc. A, vol. 207, pp. 251-267; June 22,1951. 

9 R. Silberstein, "Interpretation of High-Frequency C-W Field 
Intensity Records with the Aid of Simultaneous I'ulse Data," NBS 
Report No. 1085; July 27,1951. Also to appear in PROC. I.R.E., vol. 
40, pp. 974-976; August, 1952. 

10 E. V. Appleton and W . J. G. Beynon, "The application of 
ionospheric data to radio communication problems:" Part II, Proc. 
Phys. Soc. (London), vol. 59, p. 58; 1947. 
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and Sterling, Va. Backscatter delay times. 

function of such diversified factors as ionospheric tur-
bulence and the noise level at the receiver.• 
Throughout the text, the time of the start of path 

failure and the time of the end of the path recovery are 
referred to, for the sake of brevity, as the time of path 
failure or failure time, and the time of path recovery, or 
recovery time. 
Identification of which group of scatter constituted 

ground scatter propagated via F2 layer required some 
knowledge of day-to-day conditions over the path and 
an appreciation of what other types of scatter might 
exist. For the distance and frequency involved, the 
identification was fairly easy at the time of path failure 
except on disturbed days, such as that of Fig. 3, and on 
certain anomalous records. "Short-scatter" echoes di-
rectly from the E layer, and ground scatter propagated 
by sporadic-E ionization, when visible, occurred at very 
much smaller delay times. At the time of path recovery, 
identification was frequently uncertain, partially be-
. cause of the existence of many short-distance echoes. 

wASN1NGTON  I • FIGURE  I• 2 

N ATLANTIC 0 • FIGURE (6 6) 

In analyzing the data, average values of virtua 
heights at the times of path failure and recovery were 
assumed for the summer (spring and summer) and win-
ter (late fall) group. This assumption was based upon 
values obtained by scaling Washington and White 
Sands vertical-incidence ionosphere records with a 2,700-
km transmission curve for each day of the experiment, 
using records on which this transmission curve, for a 15-
mc operating frequency, fell tangent to the h'-f curve. 
The final round figures were 400 km for summer and 300 
for winter, corresponding to delay times of 19.3 msec 
and 18.8 msec, respectively, for ground scatter at 2,700 
km. These delay values were used on the scatter records 
to estimate the times of path failure and recovery for 
comparison with the times of day when failure and re-
covery of the recorded W WV signal occurred. Again, 
the times of failure and recovery of this signal were ap-
plied to the scatter record to obtain delay times which 
yielded apparent skip distance, for comparison with the 
true distance. 
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Fig. 6—Comparison of estimated and observed failure and recovery 

V. RESULTS 

Fig. 6 shows plots of observed versus estimated path 
failure and recovery times scaled from figures like Fig. 
5, one group being spring and summer, and one, late 
fall. Both 45-degree lines are loci of points of perfect 
agreement. 
In the spring and summer group most of the errors 

were within 20 minutes, but May 10, June 16, and June 
21 had large errors. The 4-hour error of June 21 was 
partly due to the difficulty of defining a failure time be-
cause of the slow decay of the signal. However, if inter-
ference had been less, it is possible that scatter peaks 
would have been observed at close enough range to ac-
count for propagation. The other errors may have been 
caused by lack of detailed information on the scatter 
records because of the presence of interference. 
In the late-fall group the largest error was 15 min-

utes. The apparent improvement over the summer re-
sults was due to the rapid rate of change of skip dis-
tance under winter conditions. 
Skip distances were estimated at the observed time 

of path failure by using the delay times and the assumed 
virtual heights. Errors are within about 12 per cent for 
the summer group and 8 per cent for the winter group, 
the rms errors being 5.7 per cent and 3.4 per cent, re-
spectively. 
The variation of estimated time of path failure with 

assumed virtual height was calculated for May 12. 
Changes of height of +50 km produce only small 
changes in the estimated failure time (6 or 7 minutes). 
These are typical results for the summer type of record 
since the rate of change of delay time with time of day 
is typical. Discrepancies would be smaller for winter 
conditions because of the greater rate of change, show-
ing that the larger errors of estimating are not produced 
by erroneous height choices. 
The change of estimated skip distance with change of 

assumed virtual height was also calculated for that day. 
Changes of the assumed virtual height of +50 km made 
changes in the estimated skip distance of less than 2 

1_ L 
1200 1400 

per cent, and for a I VI ca I winter day the error would 
have been still smaller I lecause of the lower assumed vir-
tual height. 

Because of interference contaminating most of the 
records, only four sunrise path recoveries appear on Fig. 
6 for spring and summer, and only three for late fall. 
They appear to Ii, I ye the same order of magnitude of 
error as the failures. I low ever, the complexity of recov-
ery periods at shorter delay times is such as to make in-
terpretation of shorter skip distances than the one used 
here rather difficult. 

Two-hop failure times are plotted on Fig. 6 for reasons 
of general interest, and surprisingly good results are ob-
tained. 

. It is also de...ir.t1 de to point out that literal application 
of a simple rule of scaling the strongest peak seen, or of 
scaling the first peak, may lead to completely erroneous 
results in cases where close-in scatter groups represent-
ing ground-scatter propagated via E or direct E-layer 
short scatter are seen. On days such as are represented 
by the range-time record of Fig. 2 the echoes at about 4 
or 5 msec might be regarded as one-hop ground scatter 
propagated by F2, and the echoes at about 11-msec two-
hop of the same type of propagation, and indeed on the 
A-scope both echoes would have similar characteristics, 
with equal possihility of either one being the stronger. 
It is only by watching trends as time progresses that 
one can see that the second group moves out with the 
F2 skip distance and the first does not change much, 
identifying it with the next most likely source of short-
or long-scatter reflections, the E-layer. In all cases where 
it is desired to determine I:2 skip distance, it is necessary 
to distinguish, by experience, which group is the ground-
scatter group propagated via F2.  

Although there is apparent good agreement between 
the estimated failure and recovery times and observed 
failure and recovery times on most undisturbed days, 
it does not follow that signals will not be detectable 
and even usable for many hours outside the periods 
bounded by the estimated times of recovery and failure 
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of transmission. It will be recalled that the start of path 
failure was defined as the start of the initial sharp drop 
after skip focus. Although this drop for this path is 
usually of the order of 20 to 40 db, and usually very 
rapid, there are times when it is not at all rapid; it is 
usually followed by one or more temporary partial sig-
nal recoveries, and the time at which the signal is last 
heard may be hours later. Listening observations made 
during field-intensity recording of W WV at White 
Sands on November 30, and December 1, 1950 showed 

that W WV could be detected at least 1 hour and 42 
minutes on the first day and 2 hours and 25 minutes on 
the second day, after the defined start of path failure. 

VI. STRUCTURE OF SCATTER ECHOES ON 
RANGE-TIME RECORDS 

The frequent appearance of ground-scatter echoes as 
a number of close, but separated, echoes with the be-
havior described under Section 3 above suggests the 
fact that some things on the ground are better scatter-
ers than others. Dieminger3 believes that specific objects 
play an important part. The frequent appearance of 
cusps on the records suggested a mechanism whereby 
different regions of an irregular ionosphere pick up and 
lose the same or different objects as the ionization 
change causes the skip range to change. 
It was first thought that if everything in the region 

just beyond skip distance were contributing equally to 
the echoes insofar as their scattering efficiency was con-
cerned cusps could not appear since, if the ionization 
changed, echoes would come in at about the same 
strength from the new skip distance and any one part 
of a range-time record would be just as uniform and just 
as dense along a line marking the skip distance as any 
other part. However, such cusps could well exist without 
the help of specific good scatterers on the ground. 
A possible explanation of cusps and discontinuities in 

the range-time records without the requirement of spe-
cific good scatterers is an ionosphere with irregularities 
in it many miles long, with velocity components in vari-
ous directions. If the area became smaller, it would 
reach a critical size that would no longer produce a 
trace on the backscatter record. In general, changes in 
the tilt, ion density, ion distribution, and size of these 

areas should cause the backscatter echoes to vary in 
range and at times become too weak to record. 
It should be noted that ionospheric irregularities and 

turbulence cause anomalies in the field-intensity records 
as well. One possible source of error due to nongreat-
circle transmission may exist if an omnidirectional an-
tenna such as that of W WV is used for transmitting. It 
is possible for the receiver to receive a signal reflected 
from an area not in the beam of the pulse transmitter 
and produce a field-intensity recording after the back-
scatter has exceeded the delay time corresponding to the 
skip distance for the region in which the receiver is lo-
cated. However, appreciable discrepancies in time of 
failure of this type require very large horizontal gradi-
ents (tilts) in regions off the great circle path. 

Fig. 3 for June 30, 1950 is, for a fairly disturbed day, 
one with an ionosphere character figure of 5. Near the 
beginning of the record, wisps coming downward repre-
sent echoes with rapidly decreasing range, the rapid 
changes terminating at a closer range. Thus, one of these 
traces has a delay time of 18.0 msec at 0128 GCT and 
14.0 msec ten minutes later. Assuming the cause to be a 
change of skip distance, the change was found to be 
equivalent to a 41.2-per cent increase of ion density in 
10 minutes, the rate of change being of the same order 
as that of a sunrise period. The apparent skip distance 
moved in under these circumstances at a rate of 3,600 
km per hour. Other traces seen on the June 30 record are 
very baffling but not too unusual. 
Fig. 4 for November 22, 1950, taken near the begin-

ning of an ionospheric disturbance, shows a whole series 
of wisps representing echoes starting at about 12-msec 

delay, decreasing rapidly in range, and dying out just 
ahead of a steady, solid short-distance echo running 
along at about 6- or 7-msec delay. Since the rates of 
ionization change assumed for these disturbances seem 
so fantastic, one is led to speculate upon the possibility 
that the traces represent real changes of range of re-
flecting areas, particularly since on a night like that of 
June 30 the field intensity of W WV received at White 
Sands did not recover when the scatter delay times 
diminished. Direct reflections from fast-moving waves 
of sharp density gradient somewhere in the ionosphere 
might account for the heavy black traces which change 
range over about an hour and sometimes cross one an-

other in range. 
A possible explanation of the very fast-moving traces 

with receding range is the entry of corpuscular matter 
into the ionosphere from great heights, producing scat-
tering regions which would reflect energy as they came 
down through the whole ionosphere. The phenomenon 
would correlate with that noted at vertical incidence by 
Wells, Watts, and George," where discontinuities were 
seen to travel down the h'-f curve during an ionospheric 
disturbance. The rates of travel noticed by these ob-
servers, 1 to 2 km per second, agree very well with the 
3,600-km per hour noted above. The slower-moving 
traces have velocities of the order of 200-300 km per 
hour, suggesting Meek's observations of fast-moving 
scattering regions in the E and F2 layer at high lati-
tudes." The rates of travel are similar to the velocities 
of irregularities in F2 noted by Munro" and others." The 
F2  scattering regions are apparently identical with 
Dieminger's G-scatter,' associated with auroral disturb-
ances. It is significant that such scattering regions are 
unofficially reported for temperate zone stations in the 
United States about a half a dozen times a year, so that 

" H. W. Wells, J. M. Watts, and D. E. George, "Detection of 
rapidly moving ionospheric clouds," Phys. Rev., vol. 69, p. 540; 1946. 

12 J. H. Meek, "Sporadic ionization at high latitudes," Jour. 

Geophys. Res. vol. 54, p. 339; December, 1949.  14  G. H. Munro, "Travelling disturbances in the ionosphere," 

Proc. Roy. Soc. A, vol. 202, p. 208; July, 1950. 
14  "Winds and turbulence in the upper atmosphere," Nature, vol. 

167, pp. 626-628; April 21, 1951. 
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it is reasonable to assume that records like that of Fig. 3 
are a manifestation of the motion of such regions over 
the western part of the United States during an iono-
spheric disturbance. 

VII. CONCLUSIONS 

As a result of comparison of backscatter and field-in-
tensity records obtained for transmissions over a 2,700-
km path on 15 mc, during several months of the year, 
the following is concluded for such a frequency and 
path: 
1. An echo group nearly always appears which is 

identified with the ground at the one-hop F2-layer skip-
distance range. The group follows the skip distance 
throughout 14 hours, being close in during the day and 
far out at night, and changes its range suddenly when 
the skip distance changes suddenly. 
2. It is possible to determine approximate Fs-layer 

skip distance over a path by measuring the delay time 
to the leading edge of the ground-scatter group. How-
ever, this can be done only at a fixed location where av-
erage ionosphere heights for the path can be estimated 
and where the normal pattern which the scatter echoes 
follow is well known, so that abnormal close-in echoes 
coming from abnormal ionization regions in the E layer 
and echoes coming from regions excited by side lobes 
from the antenna can be recognized. 
3. The simple technique of measuring the delay time 

to the first peak of an echo group, or to the strongest 
echo peak of a group, may result in completely errone-
ous results if the spurious echoes mentioned above are 
not recognized and discarded. 

4. On ionospherically disturbed days, and a few other 
anomalous days, positive identification of the F2-propa-
gated ground-scatter echo may be difficult or impossible. 
However, close study of records taken daily on a con-, 
tinuous basis at one location should do much to reduce 
the number of doubtful records. 
5. The range beyond which a signal is usable can gen-

erally be determined with fair accuracy. 
6. The range within which no signal can be received 

cannot be determined because propagation by nongreat-
circle and scatter modes at lower intensity than normal 
(particularly after the first major signal drop corre-
sponding to the start of path failure, but also before the 
first major signal rise corresponding to the end of path 
recovery) may persist for many minutes or hours. 
7. The times during which a signal at a given range 

is usable may be determined with fair accuracy when the 
rate of change of skip distance with time is rapid, as in 
the case of late fall, winter, and early spring conditions. 
8. The times during which a signal from a given range 

may be detected (whether usable or not) cannot be de-
termined reliably, even when the rate of change of skip 
distance is rapid, because of the considerations of 7 
above. 
9. Examination of a variety of experimental records 

indicates that backscatter data, because of the striking 

difference in the day-to-day records and their sensitivity 
to disturbed conditions, may provide an indicator of 
ionospheric disturbances which is even better than the 
direction-finder technique at present employed in dis-
turbance forecasting. Tracking of these disturbances by 
use of a rotary beam antenna also seems possible. 

Coaxial Transmission-Line Filters* 
DOUGLAS E. MODEt, SENIOR MEMBER, IRE 

Summary—Microwave filters based upon coaxial structures are 
not difficult to construct, and for wide-band applications they have 
an advantage over cavity types in that the terminal matching prob-
lems are more easily met. For narrow-band work the cavity is 
superior because of its higher Q. A tentative analysis of coaxial 
transmission-line band-pass filters is given and experimental work 
in support of the analytical results is included. A TE-mode high-pass 
filter is discussed and experimental data presented. 

INTRODUCTION 

IT HAS been shown' that a band-pass filter may be constructed by introducing a number of equispaced 
short-circuiting elements into a coaxial transmission 

• Decimal classification: R143.2 XR386. Original manuscript re-
ceived by the Institute, January 14, 1952; revised manuscript re-
ceived July 2, 1952. The research reported in this paper has been 
made possible through support and sponsorship extended by the Ra-
dio Physics Directorate of the Air Force Cambridge Research Center 
under contract AFI9 (122)-70. This paper does not represent the rec-
ommendations or conclusions of the sponsoring agency. 
t Electrical Engineering Dept., Lehigh Univ., Bethlehem, Pa. 
I D. E. Mode, "Spurious modes in coaxial transmission-line fil-

ters," PROC. I.R.E., vol. 38, pp. 176-180; February, 1950. 

line. The transmission which occurs past such a group 
of shunt obstacles may be of the dominant TEM mode, 
or it may be of the TE type. TE transmission is found 
when the conducting shunt obstacles in a given obstacle 
group are arranged so that the electric field of the TE 
mode considered has a distribution such that no im-
pressed electric field impinges upon the shunt obstacles. 
This kind of transmission has been adequately demon-
strated' by the simple expedient of providing rotatable 
shunt obstacles in a band-pass coaxial transmission-line 
filter. When TE transmission occurs, the rotation of 
successive shunt-obstacle groups will cause the electric 
field from one group to be intercepted by the next with 
a high resultant attenuation. If the shunt obstacle 
groups are lined up, TE transmission may go on undis-
turbed and the structure %% ill be a high-pass one. TEM 
transmission, on the other hand, is based upon the re-
active behavior of the shunt obstacles and not upon the 
"fitting" of the electric field between the conductors 
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making up a shunt obstacle. When the shunt obstacle 
is antiresonant, it will present a fairly effective open 
circuit to the TEM field and transmission occurs. Thus 
the structure is band pass in nature if higher-order modes 
are not allowed to propagate. 
The synthesis of coaxial transmission-line filters re-

quires the use of shunt obstacles of both the so-called 
inductive and capacitive types. It would be better if 
these names were discarded in favor of others which 
describe the transmission-line behavior of such shunt 
obstacles. In the microwave bands, none of the reactive 
elements in a filter structure should be considered as a 
lumped element; for very narrow-band work the lumped 
element idea is a useful approximation. Inductive ob-
stacles usually take the form of conducting rods which 
connect the inner and outer conductors of the coaxial 
line. Capacitive obstacles are most symmetrically con-
structed of conducting discs which may be attached to 
either the inner or outer conductor, but which must not 
be of sufficient extent to short circuit the line. 
Coaxial transmission-line filters have certain advan-

tages over cavity types. For example, a coaxial structure 
may be a low-pass filter—a cavity cannot provide low-
pass action. For broad-band applications the coaxial 
transmission-line filter offers a less severe terminal 
matching problem, for only taper transitions are neces-
sary. The cavity structure is a superior narrow-band 
filter as it has a much higher Q and the transitions intro-
duce little difficulty for narrow bands. 

ANALYTICAL APPROACH 

The analysis of the band-pass filters considered in this 
paper is based upon TEM transmission. Equivalent cir-
cuits based upon the usual low-frequency circuit theory 
may be used, and from these the image impedance 
versus frequency graphs may be drawn. Such image 
impedance data is sufficient to define the filter cutoff 
frequencies and, to a certain extent, the insertion loss. 
An equation for the image impedance of a mid-shunt 
filter section is 

2 
ZO r —    

4YI 
Y2V —y2  + 1 

(1) 

where I71 and Y2 are the total series and shunt admit-
tances of the filter section, respectively. 
The series admittance is introduced by the coaxial line 

which connects the shunt obstacles. If this transmission 
line is replaced by its exact lumped pi representation, 
then the series admittance I71 is known directly. The 
shunt admittance Y2 contains a term coming from the 
pi representation of the series transmission line plus 
others describing the shunt obstacles. The shunt ob-
stacles may be synthesized in various ways. If it is pos-
sible to represent V1 and 1/2 analytically, the filter 
behavior may be predicted from graphs of (1) versus 

frequency. 

BAND-PASS COAXIAL TRANSMISSION-LINE 
FILTERS 

The simplest of the coaxial band-pass filters is the 
wide-band one, in which each shunt obstacle is con-
structed of four wires as shown in Fig. 1 [1]. An equiva-
lent circuit for one section of this filter is shown in Fig. 

Fig. 1—Typical shunt-element structures. A wide band structure is 
illustrated in 1, a TE-mode high-pass structure in 2, and TEM 
narrower-band structures in 3 and 4. Experimental structures are 
indicated in 5 and 6. 

2. The series transmission line between shunt obstacles 
is replaced by its equivalent pi section in which  is one 
half the electrical length of the line and Z1 its character-
istic impedance._ The shunt-obstacle structure is repre-
sented by a single equivalent transmission line of 
characteristic impedance Zin and of length equal, electri-
cally, to the mechanical length of the shunt wires. No 
method of calculating the parameter Zoi is known al-

T  T  
Fig. 2—The equivalent circuit for a wide-band filter. Z4 =iZyc sin 

20, ZB.• —A, cot ox, zc=2jZol tan 01x. 

though an approximate equation has been given in a pre-
vious paper.2 The total shunt admittance per section is 

2j 
172 = —  tan 4,x — —  cot 01X, 

Zk  Z(11 

in which x is a normalized frequency (normalized to 
1,152 mc in this paper) and 4, and 01 are computed at the 
normalizing frequency. The image impedance of the 
filter is given by 

ZO 
= 

A csc 24.x Zk 

1 

A 
1 

(2) 

(3) 

Zk 

A = tan ox — —  cot 01x. 
2Z01 

2 D. E. Mode, "Coaxial transmission line elements in low-pass 
filters," PROC. I.R.E., vol. 36, pp. 1376-1383; November, 1948. 
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The shunt-wire group has sensitive control over the 
lower cutoff frequency of the filter. If larger diameter 
wires or more wires of the same diameter are used in a 
shunt group, the parameter Z01 is decreased and (3) 
indicates that the filter lower cutoff frequency is in-
creased. Although it might be thought that either a sin-
gle large shunt wire or a number of smaller wires could 
be used in the shunt structure (for Zoi the same), this 
is not the case. Spurious mode transmission must be 
considered and for this reason the use of several shunt 
wires per section is necessary. Even with a number of 
shunt wires per section it may be necessary to transpose 
adjacent shunt-wire groups in order to eliminate higher-
order mode propagation.' The upper cutoff frequency 
of the filter is determined largely by the separation of 
the shunt obstacles. As their separation is decreased, the 
upper cutoff frequency decreases. Unfortunately, other 
characteristics such as the width of the upper primary 
attenuation band are also affected so that if a filter of 
narrower bandwidth is required it should not be synthe-
sized through change in shunt-obstacle separation alone. 
In order to obtain a narrower-band coaxial transmis-

sion-line filter, a more complicated shunt-obstacle struc-
ture must be used. If one refers to the low-frequency 
theory of K-type band-pass filters, it is seen that the 
bandwidth is dependent upon the L/C ratio of the shunt 
reactive elements. Carrying this idea over to the micro-
wave band-pass filter, it appears that an additional 
shunt reactive element, such as a metal disc, must be 
introduced. Such a structure is shown in Fig. 1 [3], 

ZA 

Fig. 3—The equivalent circuit of a narrower-band filter. 
ZD= —2jZ02 Cot 02x. 

where a large metallic disc is shown together with four 
tiny wires which attach the disc to the outer body of the 
coaxial structure. The treatment of this structure posed 
a problem, for the way in which the disc and shunt wires 
should be introduced into the equivalent circuit was not 
clear. Mechanically, the disc and shunt wires are con-
nected in tandem. A tandem connection, however, 
would neglect the greater part of the disc terminal elec-
tric field which is not influenced by the shunt wires. A 
parallel connection for these elements was tentatively 
adopted and the equivalent circuit is shown in Fig. 3. 
The shunt reactive structure is seen to be the same as 
for the wide-band filter, except that another reactive 
element, representing the disc, is added. The shunt disc 
is represented as a transmission line; and although this 
is an approximation, the results warrant the simplifica-
tion, at least in a first treatment. The parameters of the 

equivalent transmission line for the shunt disc may be 
obtained by use of an equation given by Marcuvitz' for 
the reactance of such a disc. The disc reactance is com-
puted at the band center frequency, and this is set equal 
to the reactance of an open-circuited transmission line of 
length 02 am I ( I I. i fa cteristic impedance Z02. As the length 
02 is the radi;i1 extent of the shunt disc, only Z02 is un-
known, aml it ill,l\ IIC sol ve d for directly. No analytical 
method is it\ .OLdill! for computing Z01. The length 01, 
however, is equal to the mechanical length of the shunt 
wires (converted to electrical measure at the normaliz-
ing frequency). With these approximations, then, the 
total filter shunt admittance per section is 

[ 2 1  1 
172 = j — tan Ox + -- tan 02x   cot 01x] , (4) 

Zk L02 /01 

and the image impedance becomes 

Zo, 

70 2 csc 
3 — — — 1 

B = tan Ox 
Lk 

2Z02 

Zk 
tan 02x — —  cot 01x. 

2Z01 

The effect of varying cti is indicated in Figs. 4-8. It is 
seen that as cti is increased the primary and first second-
ary pass bands begin to squeeze the upper primary at-
tenuation band. Fig. 7 is computed for clo equal to 25 
degrees, and here the primary and secondary pass bands 
have just about merged so that only a very narrow 
attenuation band exists between them. Eventually, as 
in Fig. 8, the pass bands have merged and the first sec-
ondary attenuation band becotnes the upper primary 
one. The parameter 01 controls the lower cutoff fre-
quency of the filter. Beginning with Fig. 4, where 01 is 
2.2 degrees, Fig. 9 shows the filter behavior for 01 equal 
to 4, 6, and 8 degrees. As 01 is increased, the lower cutoff 
frequency is decreased and the band center frequency is 
also somewhat depressed. The shunt disc has control 
over the upper cutoff frequency. As the diameter of this 
disc is increased, the tipper cutoff frequency is reduced. 
A narrow-band filter, therefore, involves values of 02 
which are large. Although the matter has not been men-
tioned, the shunt disc must be kept thin if the equivalent 
circuit of Fig. 3 is to he valid. Otherwise, the disc will 
introduce series elements into the equivalent circuit. In 
the filters described, the disc thickness has been held to 
per cent of the coaxial-line diameter. 

HIGH-PASS COAXIAL TRANSMISSION-LINF, 
FILTERS 

The use of shunt fan-type leads, Fig. 1 [2], is interest-
ing. If a number of filter sections are arranged so that 
the fan-type leads are all in line, then a TE mode set up 
at the input will pass by the successive shunt obstacles 

N.  Marcuvitz, "Waveguide Handbook," McGraw-Hill Book 
Co., Inc., New York, N. Y., p. 229; 1951. 
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Fig. 4—Calculated image-impedance behavior of a band-pass 
filter having 4)=10°. 
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Fig. 5—Calculated image-impedance behavior of a band-pass 
filter having fir =14°. 
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Fig. 6—Calculated image-impedance behavior of a band-pass 
filter having 40=20°. 
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Fig. 7—Calculated image-impedance behavior of a band-pass 
filter having 41=25°. 
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Fig. 8—Calculated image-impedance behavior of a band-pass 
filter having 0=30°. 
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Fig. 9—A family of image-impedance characteristics showing the 
effect of varying the parameter O. The 02 values are 4° for curve 
a, 6° for curve b, and 8° for curve c. 
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undisturbed. There is no reactive mechanism by which 
the transmission may be attenuated, and so the arrange-
ment is a true high-pass filter. As the interfan space is 
made greater, the TE and TEM cutoff frequencies ap-

and 63 ohms, respectively. These are computed from 
equations obtained from the cutoff frequencies of the 
filter. Designating the lower cutoff frequency by x1 and 
the upper one by x2, 

2 
tan 02x, I tan 0X2 — 

Z k  L sin 202 

2Zo 1 

Zk 

27o: 

- tan ox, tan 02x2 

tan 02x1 cot 01x2 -- cot 01x, tan 02x2 

[ 2  1 cot 01x, tan 0 2 — .  
sin 20x2  

tan 02x, cot 01x2 — cot 03x1 

proach each other so that the cutoff frequency may be 
determined by either mode. In cases where it is TEM, 
the TE mode usually enters before the TEM mode cuts 
off, and the action is still high pass. 

EXPERIMENTAL. RESULTS 

The variation of the lower cutoff frequency of the 
wide-band filter with the parameter Z01 has been shown' 
to follow the trend indicated herein. No data is available 
concerning the upper cutoff frequency as this occurs in 
a frequency band out of the range of the test equipment. 
Complete test results are available in the case of the 
narrower-band filter, and these are based upon a model 
having the following dimensions: 
Inner conductor, 0.D., 
Outer conductor, I.D., 
Length (20) 
Disc 0.D., 
Thickness 
4-0.010 inch diam. shunt wires, 1/16 inch long. 

0 

k 

0.25 inches 
1.75 inches 
variable 
11 inches 
0.010 inches 

1000 Zoog)  boo 
Tr•ponay in Mojaeyc Ion 

4000 

Fig. 10—Experimental insertion-loss characteristic for a 6-
section band-pass filter, 0=14°. 

The effect of the parameter (1) is of interest. Figs. 10, 
11, and 12 show the insertion loss versus frequency for ct. 
equal to 14, 20, and 27 degrees. It is particularly inter-
esting to note the attenuation band which occurs in the 
neighborhood of 3,800 mc, in Fig. 12, for this is just 
what is predicted from the theoretical data of Fig. 7. 
The filter which gives the characteristic shown in Fig. 
10 has the characteristic impedances Zoi and Z02 of 131 

10 

4 20 

10 

Go 

tan Ox, cot 01x2 

tan 02x2 

(6) 

(7) 

1000 2000 

Pronuency In Mo rcyC Ina 
3000 

Fig. 11— Experimental insertion-loss characteristic for a 6-
section band-pass filter, 0=20°. 

1000 2000 

noiwencr I1 14o royc ton 
4000 

Fig. 12—Experimental insertion-loss characteristic for a 6-
section band-pass filter, 0=27°. 

Using these relations the disc reactance at the midband 
frequency, which is 3.12 normalized units or 3,600 mc, is 
about 15 ohms. Calculations made from the waveguide 
handbook' give a value of about 13 ohms for this pa-
rameter. 

The parameter 01 was also investigated, although at 
first it was difficult to see how this could be varied with-
out changing the shunt-disc diameter. It was finally de-
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cided to notch the shunt disc and connect the shunt 
wires at various points on the disc, the idea being that 
the shunt-disc reactance would not suffer much because 
of the small notches. The notched shunt disc with the 
' shunt wires connected between the notches is shown in 

60 

.6 30 

40 

. 30 

" 

10 

1000 2000 

Frequency ia fee3ncyc les 

3000 4000 

Fig. 13—Experimental insertion-loss characteristic for a 6-
section band-pass filter, 01=8°. 

Fig. 1[4]. Tests of this filter showed the same insertion-
loss characteristic as that of Fig. 10. When the shunt 
wires were connected to the notch centers, however, the 
radically different insertion-loss characteristic of Fig. 13 
resulted. Here the shunt-wire length is about 8 degrees. 
Both the lower cutoff frequency and the band center 
are seen to be lowered by this change in 01, a behavior 
predicted by the theoretical work of the preceding sec-

tion. 
Some experimental work on TE high-pass filters is 

worth reporting. The insertion loss of a filter composed 
of shunt sections, such as shown in Fig. 1-3, is interest-
ing. First, with the shunt sections alternately trans-
posed, the insertion-loss characteristic is as shown in Fig. 

14(a). With the sections lined up, the insertion-loss char-
acteristic becomes that of Fig. 14(b). The difference be-
tween the two characteristics is easily explained in that 
in one case the TEM mode governs the cutoff frequency 
and in the other the TE mode has command. 
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Fig. 14—Experimental insertion-loss characteristic for a 6-section 
TE-mode high-pass filter. Curve a is for transposed adjacent 
sections, and curve b for the sections lined up. 

CONCLUSIONS 

None of the filters described in this paper are narrow-
band filters, for the smallest bandwidth reported is 
about 10 per cent. As the mechanical design is difficult 
to work out in order to achieve even this bandwidth, it 
is evident that coaxial structures are not suitable for 
narrow-band applications. The coaxial structure is valu-
able in situations where wide pass bands are required or 
in low-pass ladder structures where cavities cannot be 
used. The terminal transition is another factor which 
favors the coaxial structure as it may be constructed of 
a simple taper which has perhaps the widest useful 
bandwidth of any of the common transitions. 



1712 PROCEEDINGS OF THE I.R.E. 

The Parallel-T Resistance  Capacitance Network* 
LAURENCE G. COWLESt, 

Summary—A network solution is given of the well-known RC 
parallel-T driven by a generator of finite resistance and terminated 
in a resistance load. It is shown that by properly relating the source 
and load resistances the network presents a loss at low frequencies 
equal to the loss at high frequencies, and under this condition the 
transfer characteristic conforms to a circle diagram in the complex 
plane. This, the "symmetrical parallel-T," is shown to have a 

transfer characteristic like that of a simple "equivalent" series-
resonant circuit. 

INTRODUCTION 

TIIE PARALLEL-T RC EQUIVALENT of the 
Wien Bridge has been of considerable interest in 
recent years, and a number of papers on the sub-

ject can be found in the literature. The analytical stud-
ies to date have been restricted by the assumption of 
zero generator impedance and infinite load impedance. 
For most applications, and especially as applied to the 
feedback amplifier, the assumption of zero generator 
impedance and infinite load resistance is neither correct 
nor, as is shown below, to be desired. 

This paper presents the solution of the complete net-
work. It is found that the loaded parallel-T has a trans-
fer characteristic identical with that of the simple form 
so long as the load and source impedances are selected 
in such a manner that the loss at low frequencies is equal 
to the loss at high frequencies. The loaded parallel-T 
may, however, be made to have a rejection band nar-
rower by a factor of almost two than that of the simple 
circuit. 

THE NETWORK SOLUTION 

Consider a parallel-T network having a generator im-
pedance Z1 and a load impedance Zo, as shown in Fig. 1. 
The mesh equations for this network are 

SENIOR MEMBER, IRE 

1 December 

, 

The fourth-order determinant of the impedance co-
efficients is 

A = 

Zi  0 —  74 —  Zb  Lb 

0  Zo ZE, — Z4  Z6 

72  12  7 2 +  7 4  /2 +  7 4 

—  Z3  Z2 +  Z3 —  Z3 —  Z6  Z2 +  Z3 + 74 + Z6I 

Fig. 1—General parallel-T network. 

From the above it is easily shown that 

A = Z17 0(72  74) (Z2 + 2/5 + 7 4 +  27 3) 

+  (7 1 +  7 )[7 2(7 2 +  27 3)(7 4 +  7 6) 

+  /4( 74 +  27 5)(7 2 +  73).1 
+ z2z4(72 + 27 3)(74 + 24) 

el = + ii(Zi + 7 3 + 73) —  i073  +  13( 72 + 73) —. 1473 

0 = — /173 + io(Zo + 72 + Z3) — 1373 + i4(72 + Z3) 

— ioZ3 

+ io(Z2 + Z3) 

0 = ii(Z2 ± 73) 

0 = — 

. (2) 

(3) 

+  13(7 2 +  Z3 +  7 4 +  7 5) —  i4(7 3 +  7 5) 

i3( 73 +  Z  6)  +  i4(7 2 +  7 3 +  7 4 +  7 5). 

The input current z is, t herefore, 

70( 72 + 7 4)(7 2 +  21 3 +  7 4 +  27 6) +  (7 2 ±  7 3)(7 2 + 7 4)( 74 +  27 6) 

— - Cl 

7273(74 + 275) — Z27b(Z2 + 27 3)  
ei 

A 

* Decimal classification: R143. Original manuscript received by 
the Institute, November 6, 1952: revised manuscript received July 
15, 1952. 
t Superior Oil Co., Bellaire, Texas. 

The output current io is 

(1) 

io = 7276L---z2+ 273) + z3z,(74+ 2Z5) 
el. A 

(4) 

(5) 
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et 

As is to be expected, (5) shows that the transfer ad-
nittance islet is symmetrical as regards the input and 
)utput impedances, and the existence of a null is inde-
.)endent of the terminating impedances. 
The network of Fig. 1 reduces to the customary form 
the parallel-T resistance-capacitance filter of Fig. 2 

3)" making Z2 and Z6 pure resistances, 

Z2 = r, and Zs = 
y r 

2 

3.nd Z3 and Z4 pure capacitances, 

Z3 = — jtr/2p, and Z4 = — jipr, 

where t = coo/w. 

Fig. 2—Parallel-T RC filter.' 

These relations insure that a null is obtained when 
t =1. The design parameter p controls the ratio of the 
impedances in one T relative to those in the other. In the 
discussion following, Z1 and Zo are assumed to be pure 

resistances. 
By substitution, (4) and (5) reduce t-) 

• 

respective y, by the loss at zero frequency, 

eo 

el 

Zo 

Zo  2Z2  Zi  2r  Zi 
1 -F —  --

Zo  Zo 

1 

and the loss at infinite frequency, 

eo   1 
—  = 
el  2Z1 Z1 Zi 

--
Z2 Z6  ZO 

(8) 

1 
(9) 

Zi  Z1 Z1 
1 + 2 — + 2 --  — 

r  p2r Zo 

As expected, both of the extreme frequency losses in-
crease or decrease with corresponding changes in the 
ratio Z1/Z0. Additional terms are present which make 
the low-frequency loss a function also of the ratio r/Zo, 
whereas the high-frequency loss is a function of the ratio 
Z1/r. This interesting circumstance makes it possible to 
adjust separately the loss at zero frequency and the loss 
at infinite frequency. Whenever these losses are made 
equal, the response curve becomes symmetrical with re-
spect to the frequency coo, the polar diagram is a circle, 
and the equation's for the transfer and input admit-
tances become simplified. 
The case for which the response curve is symmetrical 

will be discussed in detail. The nonsymmetrical case will 
be illustrated briefly by an example. 

NONSYMMETRICAL RESPONSE 

As an example of the nonsymmetrical response, let 
p = 1, Zo= cc , and Zi= r. The resulting frequency char-
acteristic and polar diagram calculated from (7) are 

2 (1 + p2y1 — j't) p(2p — j!)(1 — jp) — p(p  jr) 

Zo) (1  —  12 —  2]! P2  + I) P2  +  Z1 Z(1  (1 +  P 2)( 1 —  jilt) —  P 21 (1 +  iP) 
p 2  r 

in  (1 _ 12) 

(7,1+ Z0)(1 — 12 — 2jt P2--±-1)  2 Z1Z° P2 ± 1 ( ) 
r  p, 

Equations (6) and (7) for the input and transfer ad-
mittances are still too complex to be of much practical 
use. However, a study of the transfer admittance shows 
that the ratio of the load voltage to the generator volt-
age es/el follows a path in the complex plane resembling 
a pair of deformed semicircles having unequal diame-
ters. Because the null condition is satisfied, the diame-
ters of the semicircles lie on the real axis with one end 
at the origin. The lengths of the diameters are given, 

' Due to draftsman's error Fig. 2 is incorrect. Lower resistor in 

Fig. 2 should read instead of p-r 2  2 

1 — ;pl) — 2r1(!  p) 

(6) 

(7) 

shown as the dashed curves in Figs. 3 and 4, respectively. 
If, on the other hand, one makes Zi =0 and Zo=r/2, the 
solid curve results. In both figures the solid curve is a 
reflected image of the dashed curve. In the polar dia-
gram, Fig. 4, it is of interest to note that the phase shift 
exceeds 90 degrees as the higher amplitude approaches 
the origin. Data for the case in which the generator im-
pedance is zero and the load impedance is finite have 
been compiled by the Bureau of Standards Mathemati-
cal Tables Project.' 

2 "Characteristics of Resistance-Capacity Electrical Networks," 
National Bureau of Standards Mathematical Ta,Ples Project. 
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Fig. 3—Nonsymmetrical parallel-T frequency characteristics. 

THE SYMMETRICAL PARALLEL-T 

The case for which the transfer admittance has the 
same loss at high as at low frequencies is of most com-
mon interest and, fortunately, leads to a considerable 
simplification of the network equations. A parallel-T 
connected between input and output impedances Z1 and 
Zo will have equal zero and infinite frequency losses if 
Zi and Zo are related as 

or 

2Z22Z5 
ZIZO -   

+ Z2 

ZIZO p2 

r2 p2 1 

(10) 

Hereafter, the term "symmetrical parallel-T" will 
refer to any parallel-T working between real Z1 and 4 
such that (11) is valid. 
From here one might proceed by inserting (11) in (6) 

and (7) so as to eliminate either r or p. For reasons given 
later, interest is largely in the case for which p = 1; 
whereupon it is a simple matter to select suitable Z1, Zo, 
and r directly from (11). We choose, therefore, to insert 
(11) in (7) so as to simplify the form of the equations. 
Doing this, the transadmittance of the symmetrical 
parallel-T can be put in the relatively simple form, 

io 1_12 

(Zi+Zo)(1-12 2j1 P2+1 )+2r(1-12-2jpt) 

and hence, 

et) 

C' 

Z0(1- 12) 

[Z -FZ0-1- 2r](1 — /2)— 2j1(2rp-1-[ZIA-Zoj 2±1) 

, (12) 

• (13) 

Fig. 4—Nonsymmetrical parallel-T polar diagrams. 

The locus of eo is now, obviously, a circle in the com-
plex plane having a diameter on the axis of reals with the 
point t=1 at the origin. The circle has a diameter of 
length Zo/ZI+Zo+2r. 
In polar notation (13) becomes 

Co 
— = PE°, 
C' 

(14) 

with the amplitude-frequency and phase-frequency re-
sponse characteristics given by 

Zo 
P —  cos 0, 

Z1-1- Zo -1-- 2r 

and 

1 
= cot-1  - — f), 

where 

Z1 + Zo 
+ 2 

Q r_ 

2 -p2 + I z,+ zo   •----+ 4p 

(16) 

WO 
and  t — • (17) 

The reason that the quantity (17) is referred to as the 
"Q" of the parallel-T follows from the fact that the sim-
ple series resonant circuit of Fig. 5 may be represented 
by the same equations. 

It is interesting to observe that the phase characteris-
tic of any symmetrical parallel-T can be calculated at 
any frequency for which one knows the loss relative to 
the loss at the extreme frequencies. The phase shift is a 
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function only of the relative loss. For example, from (14) 
and (15) it is easily shown that 

Zi + Zo + 2r eo 

Zo  et 

hence, 

0 = cos--' 

0).7= cos-1 

I eo I 

I el If 

e0 

(18) 

(19) 

For a given T structure the coefficient Q is easily cal-
culated. All symmetrical parallel-T's conform to a circle 
diagram with differences in the make-up of the T's re-
sulting only in different frequency scales associated with 
the circle diagram. 
An examination of (15) and (16) discloses that the 

bandwidth of the symmetrical T is minimized by maxi-
mizing the coefficient Q. Differentiating Q with respect 
to p, it is found that the condition for a minimum band-
width is 

p2 

Z1 + Zo  
2  + 4 

(20) 

Now, for all practical purposes, the ratio Zo/r must 
exceed unity; otherwise the loss at the extreme frequen-
cies becomes excessive. For the same reason the ratio 
ZI/r must be less than unity. Hence, from (20) the ratio 
p must fall somewhere between 0.6 and 1.0 if one desires 
the minimum band with reasonable extreme frequency 
losses. With this in mind, a study of (17) brings one to 
the conclusion that the specific value chosen for p is of 1 so little importance that further discussion of the nar-
row-band problem can be restricted to the case for which 

p=1. 
Accordingly, the bandwidth factor will be repre-Isented simply as 

Z1 + Zo  
+ 2 

Q = 0.25   p = 1.  (21) 
Z1 + Zo 
 + 1 

This relation for Q shows that the bandwidth of the 
parallel-T is not changed greatly by loading. As the 
source and load impedances are made small relative to 
r, the Q approaches twice that of the nonloaded paral-
lel-T. For practical amounts of loading and p=1, Q is 
approximately 0.33. For the nonloaded case Q is 0.25. 
Wolf has shown that by introducing circuit dissym-

metry in a parallel-T operating between a zero-imped-
ance source and an infinite-impedance load one may se-

' A. Wolf, "Note on the parallel-T resistance-capacitance net-
work," PROC. I . R.E., vol. 34, p. 659; September, 1946. 

cure a similar improvement in discrimination. It is 
interesting to note, in passing, that Wolf's circuit also 
gives a response curve represented by a circle diagram 
in the complex plane. 

SYMMETRICAL PARALLEL-T EQUIVALENT 
CIRCUIT 

The amplitude and phase characteristics of the sym-
metrical parallel-T are completely expressed by (15) and 
(16). However, the significance of the equations is much 
more easily understood when it is realized that the 
transfer characteristic of the simple circuit of Fig. 5 has 
amplitude- and phase-frequency characteristics exactly 
equivalent to those of the symmetrical T. 

WoL 
re = 

e  z0 

W 0=4E-IT 

ec, 

Fig. 5—Parallel-T "equivalent circuit." 

In the circuit shown the generator voltage e' is equal 
in magnitude to the voltage output of the symmetrical 
parallel-T at the extreme frequencies. The inductance L 
and the capacitance C are ideal loss-free elements series 
resonant at the null frequency coo. By making the resis-
tor r. = woL/Q, the two circuits have identical amplitude-
and phase-frequency characteristics. 
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Fig. 6—Symmetrical parallel-T frequency characteristics— 
normalized. 
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There is, of course, no similarity in the impedance 
characteristics of the two circuits, but the similarity of 
the transfer characteristics is of considerable help in ef-
fecting an understanding of the parallel-T network. 
Since the series-resonant structure is of the minimum-
phase type, one may conclude that the symmetricH1 
parallel-T can be treated also as a minimum-phase struc-
ture. This fact is useful in its application to feedback 
amplifier problems. 
Fig. 6 shows amplitude and phase characteristics of 

the symmetrical parallel-T with Q as the parameter. 

DESIGN PROCEDURE 

There is no difficulty in designing a narrow-band par-
allel-T having a symmetrical response characteristic, 
and the procedure will be outlined for a network of the 
form shown in Fig. 7. It is assumed, of course, that the 
source and load impedances are pure resistances. 

2 C 

zo 
L e   

C  C 
Fig. 7—Narrow band parallel-T filter, p=1. 

The narrow band is secured by making p = 1, hence 
(11), which insures a symmetrical response characteris-
tic, requires that r in the parallel-T be related to the 
source and load impedances as 

r = V2Z1Zo. 

In other words, r should be 1.4 times the geometric 
mean of the source and load impedances. 
If the source and load impedances are not necessarily 

fixed, the selection of suitable Z1 and Zo may be effected 
by choosing a compromise between (a) Approximately 
equal values of Z1 and Zo which by (21) result in values 
of Q approaching one-half, and, by (8), give a loss of 14 
db at frequencies removed from wo. (b) High Zo and low 
Z1 which result in a Q of one-quarter and no loss at fre-
quencies removed from wo. 
The null in the response characteristic falls at the fre-

quency coo by making the capacitor C=1/rwo. 
The resulting response curve can be seen by reference 

to the family of curves in Fig. 6, using the appropriate 
Q as given by (17). The loss at zero and infinite fre-
quency is obtained from either (8) or (9), and is to be 
added to the loss shown in Fig. 6. From the appropriate 
response curve one can readily affix a frequency scale to 
a circle representing the response in the complex plane. 

PA RA LLEL-T FEEDBACK AMPLIFIERS 

One of the common applications of the parallel-T is 
its use as a frequency selective network in feedback am- I 
plifiers. The results secured by placing a nonloaded 
parallel-T in the feedback or 13 path of the amplifier 
have been discussed recently, but little attention, if any, 
has been given to the condition usually met in practice 
whereby the source and load resistances cannot be en-
tirely neglected. 1 or the feedback amplifier applica-
tions correct loading of the parallel-T is extremely im-

portant. 
The behavior of a feedback amplifier having a paral-

lel-T in the transmission circuit or in the feedback path 
can be treated exactly by use of the transfer equations 
(5) and (7). For practical purposes, however, the prin-
cipal difficulty arises because neglect of the source and 
load impedances sten by the parallel-'!' may result in 
phase shifts in excess of 90 degrees and instability of the 
amplifier. Adjustment of these impedances so as to pro-
duce a "symmetrical-T" insures that the parallel-T does 
not introduce phase shifts in excess of 90 degrees and 
that as the phase shift approaches 90 degrees the trans-
mission approaches a null. 
Hastings" has shown that the shunt resistor in the 

parallel-T can be varied so as to make a stable amplifier 
or oscillator, as desired, but, as his equations show, there 
is a shift in the frequency at the null point. Bowers' has 
shown that by varying the shunt elements in both 'F's, 
holding their RC product constant, the resonant, fre-
quency remains unchanged, whereby one can secure 
controlled regeneration without a shift in the frequency. , 
The transfer equation of the loaded parallel-T, as pre-
sented here, does not permit a simple analysis along the 
lines used by Hastings and Bowers, so it must be as-
sumed that their results are modified by loading. Experi-
mental observations of the polar diagram of the loaded 
symmetrical-T indicate that the circle of Fig. 8 simply 
moves to the right or left of the origin along the real axis - 
as unbalance is introduced by small changes in the ele-
ments of the T's. An increase in the RC product of the 
elements in the high-pass branch of the network moves 
the circle inside the origin and results in less than 90 de-
grees phase shift near the point of minimum transmis-
sion. An increase in the RC product of the elements in 
the low-pass branch causes the circle to move to the left 
and enclose the origin. The shift in frequency at the null 
point seems to be relatively small, if the circle is moved 
by changing the shunt elements only, in such a way that 
their RC product remains constant. 
In general, there has not been a clear picture available 

of the behavior of the parallel-'!' feedback amplifier.' For 

A. E. Hastings, "Analysis of a resistance-capacitance parallel-T 
network and applications," Psoc. I.R.E., vol. 34, pp. 126-129; March, 1946. 

6 J. L. Bowers, "RC band pass filter design," Electronics, pp. 131-
133; April, 1947. 

6 L. Stanton, "Theory and applications of parallel-T resistance-
capacitance frequency-selective networks," Piwc. I.R.E., vol. 34, pp. 447-457: July, 1946. 
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Fig. 8—Symmetrical parallel-T polar diagram—normalized. 

Summary—The method of synthesis presented in this paper 
shows how to obtain an RC network that can have real or complex 
zeros and real poles in its transfer function. It differs from methods 
given in previous papers in that the final network contains only 
three-terminal structures connected in cascade. For the realization 
of a particular transfer function that includes complex zeros, this 
method yields a network with fewer elements, simpler configurations, 

and higher level of transmission than any method given heretofore. 

INTRODUCTION 

I
N ORDER FOR a transfer function (ratio of out-
put-to-input voltages) to be realizable with a net-
work of resistances and capacitances, the following 

conditions must be met: 
1. The magnitude of the transfer function at any 
value of co must be finite. 

2. The poles of the transfer function must be nega-

tive, real, and simple. 
3. The zeros of the transfer function must lie in the 
left half of the complex-frequency plane. They may 
be real, or may occur in complex conjugate pairs. 

* Decimal clascification: R143. Original manuscript received by 
the Institute, September 13, 1951; revised manuscript received June 
23, 1952. 
.1. Dept. of Electrical Engineering, Yale University, New Haven, 

Conn. 
$ Sperry Gyroscope Co., Great Neck, L. I., N. Y. 
§ Ordnance Electronics Division, National Bureau of Standards, 

Washington, D. C. 
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the benefit of persons working with this type of ampli-
fier, it is easy to give a picture of its behavior in terms of 
familiar elements. Recalling that the simple series-reso-

nant circuit of Fig. 5 has a transfer characteristic equiv-
alent to that of the symmetrical parallel-T, one can 
visualize the behavior of the parallel-T feedback ampli-

fier as follows: When the network is placed in an ampli-
fier having constant over-all feedback, the effect of feed-
back is approximately that of improving the Q of the 
filter. When the T is placed in the feedback path, the 

amplifier has a gain characteristic approximately in-
verse that of the equivalent series-resonant circuit, ex-

cept that the maximum gain cannot exceed that of the 
amplifier without feedback unless there is regenerative 

feedback. 
It is believed that many workers would appreciate 

having response curves of the parallel-T feedback am-
plifier which could be computed fairly easily from the 

data here presented. 

Synthesis of Cacaded Three-Terminal RC Networks 
with Minimum-Phase Transfer Functions* 

P. F. ORDUNGt, SENIOR MEMBER, IRE, F. HOPKINSt, H. L. KRAUSSt, SENIOR MEMBER, IRE, 
AND E. L. SPARROWS, ASSOCIATE, IRE 

Methods of synthesizing networks that satisfy the above 
conditions may be found in the literature." However, 
the method to be presented here is an improvement on 
those given previously for the case where the transfer 
function contains a pair of complex zeros, because it 

yields a network that 
1. maintains the level of transmission as high as pos-

sible, 
2. contains the smallest number of elements, and 
3. minimizes the number of elements whose values 
must be duplicated with small tolerances. 

The last of these requirements is quite important if 
any of the complex zeros of the transfer function lie near 
the co-axis. In general, the complex zeros are produced 
by means of bridge-type structures, such as the bridged-
T, lattice, or twin-T, or by paralleled ladder networks as 
in footnote references 1 and 3. In all such networks 
where more than one current path exists between the 
input and output terminals, a null or minimum in the 
transfer ratio (at real frequencies) is produced by a corn-

I E. A. Guillemin, "Synthesis of RC-networks," Jour. Math. Phys. 
vol. 28, no. 1, pp. 22-42; April, 1949. 

2 J. L. Bower and P. F. Ordung, "The synthesis of resistor-capaci-
tor networks," PROC. I.R.E., vol. 38, pp. 263-269; March, 1950. 
$ P. F. Ordung, H. L. Krauss, G. S. Axelby, and W. P. Vetter, 

"Synthesis of paralleled three-terminal RC networks to provide com-
plex zeros in the transfer function," Trans. A IEE, vol. 70; 1951. 
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plete or partial cancellation of the currents arriving at 
the output terminals by parallel paths. A null produced 
by a lattice section, for example, requires that the phasor 
sum of the currents arriving by two different paths must 
be exactly zero at the null frequency. Obviously, a 
slight change in the value of one of the elements in the 
lattice will produce a correspondingly small change in 
the current that flows through it, but it may produce a 
very large percentage change in the net current flowing 
into the output terminals of the lattice. From the stand-
point of practical construction, therefore, as few ele-
ments as possible should be contained in the various 
parallel current paths between the input and output 
terminals of such a'network, because these are the ele-
ments that have the most severe tolerance requirements. 
The design procedures employed in this paper keep the 
lattice networks as simple as possible. 
The method of synthesis to be presented here will 

realize the general minimum phase type of transfer 
function of an RC network by means of three-terminal 
structures connected in cascade. A pair of complex zeros 
in the transfer function is produced by means of a paral-
lel-T or bridged-T network, and real zeros are realized 
with L-sections. 

(p + ai + 01)(P + al  01)(P + az) 
H(p) = (1) 

(p + 71)(p + 72)(p + 73) 

that contains two complex conjugate zeros and one real 
zero will be used to illustrate the synthesis process. The • 
network configuration that will realize the transfer func-
tion given by (1) is shown in Fig. 1. 

si IL2 

12 
52(p) 

Fig. 1—The network colifigurttion that will realize the 
transfer function of (1). 

OUTLINE OF THE SYNTHESIS PROCEDURE 

x••• 

Step 1 

Express the over-all transfer function 11(p) as the 
product of the transfer functions of the lattice and lad-
der sections as shown in Fig. 1. Choose the transfer 
functions 

, f(P) (p + ././31)(P + at — joi)(p + xi)(p + x2)(p + x3)  
= (P  71)(P + 72)(P ± 73)(P + 61)(P + 62) 

(p + a2)(P  bt)(P  52)  
H2(P) = 

( p  N 1 ) ( p x2)(p ± X3) 

The synthesis procedure will be given for the re-
stricted case of a transfer function that contains one 
pair of complex zeros," plus one or more real zeros, and 
an example will follow. The basic idea of the synthesis 
procedure is as follows: 
1. The desired transfer function is represented as the 
product of two functions, where one contains the 
real zeros and the other contains the complex zeros. 

2. The transfer function that contains the complex 
zeros is synthesized as a loaded lattice in which the 
load consists of the L-sections that produce the real 
zeros of the desired transfer function. The transfer 
function for the lattice section is chosen in such a 
way that its transmission level will be unity at 
zero or infinite frequency or both, so that it is 
always reducible to three-terminal form. 

3. The transfer function that contains the real zeros 
is synthesized in the form of a ladder network 
whose input admittance provides the necessary 
load for the preceding lattice section. 

In the material to follow the detailed steps in the syn-
thesis will be presented first, and a discussion of the rea-
sons for each step will follow. A simple transfer func-
tion 

4 The case of a transfer function with more than one pair of com-
plex zeros will be treated in another paper. 

(2) 

*(3) 

The pair of complex zeros is assigned to Hi(p), and for 
reasons to he outlined in the following section, all of the 
poles of II(p) are assigned to H(p), together with two 

additional poles at p=  SI and p= — 52 which may or 
may not be added. The location of these additional poles 
is given by (A-5). If II(p) has poles at p= —51 and — (52, 
they need not be added; but if H(p) does not have poles 
at these points, they should be added. The three extra 
zeros at p=  —X2, and —X3 are then added in order 
that the total number of zeros in Ill(p) is exactly equal 
to the total number of poles. The function H2(p) is then 
chosen in such a way that the product Hi(p)I12(P) 
=II(p). Thus the over-all transfer function remains 
unchanged. 

Step 2 

Identify the transfer function of loaded lattice as' 

f(P)  17 12 

F(p) Y22 ± YL' 

where Y12 is the short-circuit transfer admittance, /722 
is the short-circuit driving-point admittance at the out-
put terminals and YL is the load admittance presented 

6 See J. L. Bower and P. F. Ordung, /oc. cit., for a more detailed 
discussion of the synthesis of the loaded lattice RC network. 

(4) 
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to the lattice by the following network. Multiply numer-
ator and denominator of (2) by a rational function 

1 
G(p) =   (5) 

(p + x)cp + x2)(p + x3)(p + x.) 
i in which the poles occur at negative real values of p. 

f(p)G(p)  
H(p) = F(p)G(p) 

(I) ± + 01)(p + al —   

P + 

+ 71)(p + 72)(p + 73)(p + 61)(p + 62)  

(P + X1)(P + x2)(P + X3)(p + X.) 

Since the product F(P)G(P) = Y22 + YL must be identifi-
able as a driving-point admittance function, the poles 
at p = —X2, —X3, and —X0 must be chosen so as to 
alternatee with the zeros at p = —71, —'2, —73, —5,, and 
—52. The value of X. should be within the interval given 
by (A-3). The numerator and the denominator of (6) 
may be written as 

(p + ,ai + ji31)(p al — ii(31)  

(6) 

Y12  (7) 
p + x. 

+ 71)(p + 72)(p + 73)(p + si)(p + 62)  
(8) 

+ xo(p + x2)(p + x3)(p + X.) 
Note that 1112 has only one pole (at p= — X.)• 

Step 3 

Obtain partial fraction expansions of (7) and (8) to 

yield 
pk„(n) 

Y12 =  +  p + ko(n) 
p + A. 

plza(d) 
V22 ±  YL    p + ko(d) 

p + A. 

pki(a) pk2(d) pilaw 

p + xi  p + X2  p + X3 

where the k's are the residues at the poles and where the 
superscripts (n) and (d) denote, respectively, the nu-
merator and denominator of (6).7 

Step 4 

Use (9) and (10) to synthesize the symmetrical loaded 
lattice shown in Fig. 2. The elements in the lattice are 

related to 112 and 1/22 by the expressions, 

(9) 

(10) 

VA =  V22 +  Y12 and YB = V22 —  V12.  (11) 

In the synthesis, YL is allotted all of the expansion of 
122 + YL that is not required for realizability of the lat-

e E. A. Guillemin, "Communication Networks," John Wiley and 
Sons, New York, N. Y., vol. 2, pp. 211-216: 1935. 
7 The form given in (9) and (10) is characteristic for a lattice de-

signed for unity transmission at infinity. For the case of unity trans-
mission at zero frequency, H(p) is usually multiplied by a constant 
h<1, and the result yields ko(di=ke(") and the p terms become un-
equal. See Bower and Ordung, (3) and(10). 

tice (i.e., the residues of ITA and YB must be positive). 
Thus the load admittance is chosen as 

VI,— ko(d)  ko(n) 
pki(d) pk2(d) ph(d) 

p +  p + X2  p + 

J + 

and lattice elements are obtained by means of (11) as 

(ka(d)  k4(0) (12) 

VA =  2k0(n)  +  2p  (13) 

— 2pk.(n) 
1713 =   • (14) 

p + 

Once the expressions (13) and (14) have been obtained, 
the network configuration and element values may be 
found by conventional methods. Note that the lattice 
branches VA and YB are simple networks because 112 

was chosen to have only one pole, and therefore only one 

pole is required in Y22. 8 

A 
Fig. 2—Symmetrical loaded lattice. 

Step 5 
Reduce the lattice to three-terminal form. This re-

duction is always possible for the minimum phase lat-
tices designed in this paper. The proof has been omitted 

in interest of brevity. 

Fig. 3—The loaded admittance IL of the lattice is the sum of the 
ladder input admittance 17D and the compensating network ad-
mittance Yo. 

Step 6 
Obtain the ladder network that has H2(p) as its trans-

fer function. It is desirable that the input admittance YD 
to the ladder network should provide the load YL re-
quired on the output terminals of the lattice. In the 
realization of H2(p) it may not be possible to design a 
ladder that will provide all of YL as its input admit-
tance. The amount of YL that is not provided by the 
input admittance of the ladder must be assigned to an 
RC compensating network Yc that must be connected 

in parallel with the input terminals of the ladder and the 
output terminals of the lattice as shown in Fig. 3. In 

E. A. Guillemin, "Communication networks," Jour. Math. 
Phys., vol. 2, pp. 216-219. Guillemin's proof may readily be extended 
to the RC case. 
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fact, the pole at X. in III, cannot be provided in the input 
admittance YD of the ladder, and therefore this pole 
must be wholly assigned to Y. The compensating net-
work Ye and the input admittance ID to the ladder 
must satisfy the relation 

YL = Ye + Y.  (15) 

The synthesis of a ladder network that will realize the 
desired transfer function has been described in detail 
elsewhere;"." hence, a brief description of the process will 
suffice at this point. A set of L-sections that may be con-
nected in cascade to approximate the desired //2(P) is 
selected from a catalog of RC networks.' The types of 
sections chosen should introduce the desired zeros of 
H2(p), and they should also be of such a form as to make 
the input admittance VD of the ladder equal to YL or as 
large a portion thereof as possible. 

DISCUSSION OF THE SYNTHESIS PROCESS 

The method by which the functions II1(p) and H2(p) 
are chosen is very important; it is quite subtle since it 
involves many interrelated factors. Certain require-
ments must be met by the function IIi(p) and they de-
termine its form. With 1I(p) established II2(p) is also 
determined because the product of the two must be 
equal to the original II(p). However, the form of III(p) 
cannot be chosen without regard to the resulting form of 
H2(p) because certain factors are common to both of 
these functions. The requirements to be met may be 
enumerated as follows: 

1. The transfer admittance 112 (see (4) and (7)) 
should contain only one internal pole. Since 122 must 
have the same poles as 112, this restriction guarantees 
that the branches of the resulting lattice will have a sim-
ple configuration. 
2. The function II(p) should approximate the form 

h(p  ai  .i131)(P + al — 01)  
Hi(p) — (16) 

(p + si)(p + .32) 

for frequencies on the co-axis. The appendix shows that 
an unloaded lattice that has the transfer function given 
by (16) can have unity transmission level (h = 1) at zero 
and infinite frequency if the poles SI and 82 are chosen 
in the manner specified by expressions (A-5) and (A-6). 
If Si does not have the exact value specified by (A-6), 
the transmission level will be unity at either zero 
(h=b152/«12+1312) or infinite frequency (h= 1), but not 
both. The additional factors that appear in Hi according 
to (2) are due to the load imposed on the lattice by the 
following ladder section, and they are not accounted for 
in the development in the appendix. 
However, the behavior of the actual function, (2), at 

frequencies p =fi.0 may be made to approximate very 
closely the behavior of the ideal function (16). When 

• J. T. Fleck and P. F. Ordung, "The realization of a transfer ratio 
by means of a resistor-capacitor ladder network," PROC. I.R.E., vol. 
39, pp. 1069-74; September, 1951. 

each of the zeros Xi, X2r and so on in III(p), (2), is placed 
near each of the poles 71, 72, and so on, the zero-pole 
diagram shows that for frequencies on the co-axis the 
contribution of a pole to the value of 111(p) is nearly 
canceled by the contribution of the nearby zero. The 
degree of cancellation is controlled by the separation of 
the zero from the pole relative to their mean distance 
from the co-axis. As the zero-pole separation is made 
smaller, the zero and pole more nearly cancel each 
other. When III(p) is made to approximate the ideal 
funct ion, (16), it will be found that the load admittance 
YL will be small compared to 122 and the level of trans-
mission will not be reduced appreciably below that for 
the unloaded lattice.'° 
3. The pole X. of 112 is one of the poles of G(,), and 

should be chosen within the interval defined by (A-3). 
in the appendix. This restriction on the range of X. is 
necessary to insure that the transmission level of the 
lattice will not have to be reduced in order to yield posi-
tive residues for YA and Ia.' Furthermore, if the value 
of X. is picked so that the value of Ili(p) given by (2) is 
equal to —1 at p = a simpler network will result 
because the pole X. will then not appear in 1'1, 11 

4. The poles of G(p) are the poles of Y22+ I'L. The 
pole X. is the pole of Y22, and it may also appear in YL. 
and 17c. The other poles (XI, X2, and so on) are the poles 
of YD. Since YD is the input admittance of the ladder 
network, the poles of YD are identical with the poles of 
the transfer function II2(p). (See (3), (8), and (12)). The 
relationship just stated indicates why all of the poles 7 
of II(p) (see (1)) are placed in II,(p). Had they been as-
signed to //2(p), they would also have to appear in G(P) 
in place of the X's. Then they would appear as poles of 
1712, and a less desirable and more complicated lattice 
configuration with less than unity transmission level 
would result. 

5. Poles XI, X2, and so on of II2(p) must be introduced 
as zeros of II (p) so that II(p) will not be altered. 
6. The poles X., X1, X2, and so on of G( p) must alter-

nate with the poles 81, 62, and 71, y2, and so on of 111(p) 
so that the product F(p)G(p) will satisfy the require-
ments for an RC driving-point admittance function. 

It In a cascaded RC network the driving-point admittance of each 
successive section of the network should not excessively load the out-
put of the preceding section, otherwise the level of transmission is 
severely penalized. This can be readily appreciated from (41 by 
means of the following argument. The transmission through the lat-
tice depends upon YIL Y22, and YL. Suppose that 1'12 and l'22 are 
specified quantities and that the magnil ode of YL can be varied. The 
admittance YL has i phase angle within the same quadrant as the 
phase angle of Y22. Since Y22 and YL are both nonvanishing for fre-
quencies on the w-axis, it follows that 

IYL 1'2215,, 1  

The largest ratio of output-to-input voltage that a given lattice can 
produce occurs, therefore, when the load is removed from its output 
terminals. When YL= Y22' the ratio of out put -to -input  voltage  is re-
duced to one half that which occurs when YL is negligible compared 
to 1'22. In order, therefore, for the level of transmission through the 
lattice not to be severely penalized, it is necessary that 

IY22 11,..1. > I YLIJ..i.u• 

" C. Belove, "A note on the synthesis of resistor-capacitor net-
works," PROC. I.R.E., vol. 38, pp. 1453-1454; December, 1950. 
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EXAMPLE 

The method of synthesis will be demonstrated by 
means of the following example: 

(P ± 3 ± :73)(P ± 3 — .i3)(P ± 2)(P ± 3)  
H(P)  (17) 

(p + 8)(p + 9)(p + 10)(p + 11) 

Step 1 

The solutions of (A-5) and (.\ -6) show that the com-
ponent function h1(p) should have poles located as fol-

lows: 

0 < 61 < 2.02 

9 < 62 < 22. 

H(p) contains poles within the permitted range for 62; 
hence, one of these poles in H(p) can be assigned as 62. 
H(p) does not contain a pole within the range of 61; 
hence, one must be added to Hi(p) in order that the 
transfer function can have a high level of transmission. 
Since H(p) has unity transmission at infinity and less 
than unity at zero, the values selected for 61 and 62 are 
2 and 11, respectively. An unloaded lattice having this 
pair of holes and the pair of complex nros will have 
unity transmission at infinite frequency and less than 
unity at zero. There is considerable freedom of choice 
in the location of these poles, and this can be exploited 
to the fullest only after sufficient familiarity with the 
process has been gained. Now Hi(p) and H2(14 can be 
chosen as follows: 

(p+3+j3)(p+3-j3)(p+xi)(p+x2)(p+x3) 
(p+2)(p+8)(p+9)(p+ 10)(p+ 11) 

(p+2)2(p+3) 
(p+x,)( p+x,)( p+ x3) 

• 

Step 2 

The function G(p) is now chosen as 

G(p) — ---
(p  x.)(p  Xi)(p X2)(P + X3) 

the pole X„ associated with 1,, of the lattice structure 
is chosen by means of (•\ preion (.\ -3) as 

3d L  2d 1. 1st L 

Fig. 4 The zero,, aml il' I 1"22+ 

The remaining poles of G(p), X1 X2, and X3, 

chosen to cancel approximately the poles at —8, —9, 
and —10 in 111(p) because these are the poles in 111(p) 
that are due to the load YL. Of course, all of the poles of 

should be 

G(p) must be chosen so that they separate the poles of 
Hi(p). This requires that the poles of G(p) be chosen as 
indicated in Fig. 4. 
In accordance with the theory of the synthesis of the 

RC ladder network," the poles and zeros of Y22+ YL 
shown in Fig. 4 are grouped and the groups are num-
bered to correspond with the order in which the L-sec-
tions will occur in the ladder network that is used to 
realize H2(p). The loading theory developed in connec-
tion with the synthesis of an RC ladder may now be ap-
plied to the determination of the values of Xi, X2, and Xs 
in the following way. The loading factor K„ expressed 
in per cent is defined for a single zero-pole pair in Fig. 5 

as 
b„ 

K„ = — X 100. 
d„ 

j() 

Fig. 5—The percentage loading factor for a zero-pole pair is K„ per 
cent --bn/d,,x100. 

The loading factors are arbitrarily selected. The first 
L-section is assigned a loading factor of 5 per cent, the 
second a loading factor of 2 per cent, and the third 1 
per cent. By the application of the loading factor equa-
tion, the X's are found to be 

X1 = 8.4 

X- = 9.2 

X5 -= 10.1. 

Thus, the values of G(p), Hi(p) and 112(p) are obtained 
as 

1 
G(p)=   

(p+5)(p+8.4)(p+9.2)(p+ 10 .1) 

(p+3+imp+3-j3)(p+8.4)(p+9.2)(p+ 10.1)  
Hi(p)= (p+2)(p+8)(p+9)(p+ 10)(P+ 11 ) 

(P+ 2)2(P+ 3)   
H2(P) = (p+8.4)(p+ 9 . 2)(p+10.1) . 

Step 3 

When the numerator and the denominator of imp) 
are multiplied by G(p) and when the resultant numera-
tor and denominator are separately expressed in partial 
fraction form, the values of Y12 and Y22 + YL are ob-

tained as 
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- 2.6p 
Y12 =  + p+ 3.6 

P + 5 

2.96589p 
Y22  YL   +  p + 4.05879 

P 5 

0.16448p  0.08943p  0.02136p 

p+ 8.4  p+ 9.2 + p+ 10.1 

Step 4 

All of Yn+ YL not required for realizability of the 
lattice is assigned to YL. Then the elements YA and Ye 
can then be obtained. This yields 

0.36589p  0.16448p  0.08943p 
Yr. = 0.45879+   

P+ 5  p + 8.4  p+ 9.2 

0.02136p 

P+ 10.1 

= 2P -I- 7.2 

5.2p 
YR = 

P + 5 

The elements of the lattice may now be obtained from 
YA and Y8 as shown in Fig. 6. 

-AAAAr-
.192  .138 

ohms 
and 

1.04 farads 

Fig. 6-Lattice network. 

Step 5 

The lattice shown in Fig. 6 will reduce to several 
forms. The one selected is shown in Fig. 7. 

Step 6 

The pole at -5 in YL does not appear in 112(p); it is 
wholly assigned to Ye, the remainder of YL to YD, yield-
ing. 

0  

1.0 

 ii  

Lattice 
equivalent 

Compensating 
network i 

0.36589p 

0.16448p  0.08943p  0.02136p . 
I'D = 0.45879 +   

p + 8.4  p + 9.2  p + 10.1 

1.0 

2.08 

ohne 
and 
farads 

Fig. 7-Bridged- T equivalent to the lattice. 

The input admittance YD of the ladder is synthesized 
according to the methods for the synthesis of the RC 
ladder network to yield I/2(p). The complete network ; 
and its transfer function are shown in Fig. 8. 

CONCLUSIONS 

The method of synthesis developed in this paper 
yields, as a final result, a three-terminal network that 
consists of a set of cascaded sections. The number of 
elements used in this network is less than that obtained 
by any of the previously advanced methods of synthesis. 
For example, the II(p) that was worked out in the ex-
ample involves four poles. The network contains a total 
of six capacitors. There are, therefore, only two capaci-
tors in addition to the four that are required as a basic 
minimum for dny RC network with four poles. One of 
these capacitors was introduced in the compensating 
network, and this compensating network could have 
been avoided had the value of X. been chosen at the 
point where IIi(p)= -1. Thus the final network would 
have had one less capacitor and oneless resistor than the 
circuit shown in Fig. 8. 

.0529  .000250  .000001.55 

ohms 

and 
(trade 

103,000 

Fig. 8-A network that has the transfer function given in (17). 
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The range of values in this example is excessive. That 
is not a fault of the process, but is due to the close group-
ing of the poles at a considerable distance from zero fre-
quency. Because of this grouping, the loading factors 
had to be taken very small, and a very wide range of 
element values results from small loading factors. 
The lattice equivalent, which contains the elements 

that must be chosen with small tolerances, contains very 
few elements. This is an important advantage of this 
network as compared to the other networks that have 
been advanced. It should be observed, furthermore, that 
the level of transmission through the network in Fig. 8 
is unity, the theoretical maximum for this particular 

H(p). 

APPENDIX 

Location of the Poles of H(p) for a Lattice to Have a Unity 

Transmission Level 

The simplest transfer function of an RC network that 

can have a pair of complex zeros is 

h(p ± a ± j0)(P + a   
H(P) 

(i) + 5)(p + 52) 
(A-1) 

If a lattice structure is to realize (A-1) with a transmis-
sion level of unity (h= 1), the zeros and poles of (A-1) 
must be located so as to satisfy the requirements shown 

N(p) 

Negfttive 
reel p axle 

(I) For IH(p) =1 at p= .4 and 0 
a =1 
c= 1 
b 51. 

(11) For Iii(p)1 =1 at p= 4 and IH(p) I <1 at p =0 
a <1 
b 51 
c=1. 

(III) For Ili(p)1 =1 at p =0 and I H(p)I <1 at p= 
a =1 
651 
c <1. 

Fig. 9—Plot of Il(p) for negative real values of p. 

in Fig. 9.12 Corresponding to the cases shown in Fig. 9, 
the following necessary conditions on the location of the 

zeros and poles can be stated: 

II See J. L. Bower and P. F. Ordung, loc. cit., for the justification 
of Fig. 9. 

= 1 at p = 001 

H(P)I 1= 1 at p=  0 , 

H(p)I 

a 2  02 = 6152 

= 1 at p =00 

l< 1 at p = 0 
a 2  02 < 6162  

and h = 1 

and h = 1 
(A-2) 

5152 
I H(P) I 1 at p = 00 

= 1 at p = 0 1' and h =  a2 +  132 

a 2  02 >  6152.  

These conditions are not sufficient for they do not guar-
antee that the distance b <1 as required in Fig. 9. 
In order to determine the conditions necessary for 

b:g 1 at some point p= —X., substitute —X, for p in 
(A-1), let H(p) = —1 and h=1, and solve for X.. This 
yields a range of values of X. within which b 

p<X. 5_ 4, 

where 

2a-{-61+62— 1/(2a+51-1-8 2)2—  8(a2+132+5152) 
P=  4 

2a+51+52+ V(2a+51+52)2-8 (a2+132+5152) 
q=  4 

(A-3) 

The two limiting values given for X. in expression (A-3) 
are the values where H(p)= —1. For values cf X. be-
tween these values, Imp)1 <1. The interval for X. 
must, of course, be real. This requires that the quantity 
under the radical shall be equal to or greater than zero. 

Thus 

(2a + 451 + 82)2 — 8(a2 132 ± 8182) 0.  (A-4) 

Evidently, the lattice can have unity transmission only 
if one of the conditions in (A-2) is satisfied and if (A-4) 

is also satisfied. 
With the zeros specified, ranges of p can be identified 

in which the poles must be located in order for the net-
work to have unity transmission. With the substitution 
of the condition for unity transmission at both p = 0 and 
infinity into (A-4) and with some algebraic manipula-
tion, the permitted ranges for 63 and Sy are obtained as 

follows: 

05_52:‘2-Va2+132—  V(2,s/a2+02_ 0)2 (a 2 +02) (A-5) 

a 2 +02 

51 =   

52 
(A-6) 

The ranges defined in (A-5) and (A-6) pertain to the case 
of unity transmission at both zero and infinite fre-
quency. These ranges can of course be modified in ac-
cordance with the requirements in (A-2) and (A-4) to 
admit the cases of unity transmission at only zero or 

infinite frequency. 
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On the Approximation Problem in 
Network Synthesis* 

AARON D. BRESLERt, ASSOCIATE, IRE 

Summary—A procedure is presented for the synthesis of a 
network to yield a prescribed magnitude versus frequency charac-
teristic. The given characteristic is replaced by a sequence of 
straight line segments of arbitrary slope. Each line segment is 
associated with a zero-pole pair properly placed on the real p axis, 
where p is the complex frequency variable. In this manner a real, 
rational network function is obtained whose magnitude variation 
approximates the given one. Methods for predicting the realizability 
of the approximating function are discussed in the application to the 
design of two terminal and two-terminal pair networks. To illustrate 
the methods outlined in the paper, a complete procedure is given for 

the design of attenuation equalizers using constant-resistance ladder 
sections. 

I. INTRODUCTION 

THE SYNTHESIS PROBLEM is that of finding 
a physical network which will reproduce a given 
network property. It is assumed that the network 

property is given as a magnitude (of impedance, or trans-
fer loss, and the like) versus frequency characteristic 
and that it is to be realized by the synthesis of a passive, 
linear, lumped parameter structure. A physical network 
of this class is characterized by a network function 
which is a real, rational function of the complex fre-
quency variable p. As such, the function is analytic ex-
cept for a finite number of poles. The problem is to 
choose an appropriate rational function of p which not 
only has the required magnitude variation at real fre-
quency but is also realizable. Once the function has been 
chosen, any convenient synthesis procedure can be em-
ployed to yield the network. 
The selection of an approximating function may be 

achieved by properly locating the zeros and poles of the 
function in the complex p plane. By virtue of the anal-
ogy between the two-dimensional potential problem and 
the logarithm of a rational function,' it is evident that 
the superposition principle may be applied to achieve a 
desired characteristic by employing combinations of 
simple configurations. In this paper the procedure is to 
use straight line segments as building blocks. 

II. STRAIGHT LINE SEGMENTS OF ARBI-
TRARY SLOPE 

Let Z denote a possible network function. Letting 
p=jw, define the magnitude characteristic A(w) as the 
log modulus of Z(w). For example, if z(p) has only a sin-
gle pole on the negative real p axis then A(w) is given 
by 

Decimal classification: R143. Original manuscript received by 
the Institute, November 29, 1951; revised manuscript received July 
31,1952. Abstracted from a MEE thesis at the Polytechnic Institute 
of Brooklyn. The work was done under the direction of Dr. H. J. 
Carlin of the Microwave Research Institute. 
t Microwave Research Institute, Brooklyn Polytechnic Insti-

tute, Brooklyn, N. Y. 
' W. W. Hansen and 0. C. Lundstrom: "Experimental determi-
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A (w) = — 20 log a — 10 log [1 + (f/fo) 2j db,  (1) 

where a r=27rf 0 defines the pole location and w=hrf. 
This function is plotted versus log (f/fo) in Fig. 1, where 
it is noted that A (Jo) is 3 db below A(0) and that for 
f > fo A(w) approaches a straight line with 6 db/octave 
slope. If the multiplicity of the pole is increased, the 
shape of the curve is essentially the same except that 
the terminal slope becomes On db/octave and the differ-
ence between A (0) and A(fo) becomes 3n dl) where n is 
the multiplicity of the pole. If the pole is replaced by a 
zero, the curve becomes concave up instead of down. 

AA 

3 d b 

e6 db/oef 

1.0  Jog (r/-4) 

Fig. 1—A (w) for a simple pole. 

Noting that the transition from zero db/octave to 6 
db/octave slope is achieved by a smooth curve rather 
than a sharp break at the critical frequency f0, it is logi-
cal. to investigate closely the magnitude characteristic 
which results from a zero-pole pair on the real p axis. 
The zero and pole locations to be considered are shown 
in Fig. 2. Interchanging the zero and pole would merely 
change the sign of log Z; attention may therefore be con-
fined to the arrangement shown in Fig. 2. The zeros and 
poles will be confined to the negative real p axis.2 

iw 'jigd  4 

— 04 4-1  
2 I 

- 11111  

a. 

Fig. 2 .Zero-pole Pair on the real p axis. 

In terms of the parameters a, 13, and d (defined in Fig. 
2), the function z(p)=(p4-0-0)/(P+0.,) is, at p=jw, 
given by 

(a —=    + Z(4)  

(a +  + ./4 
(2) 

2 This restriction eliminates transfer impedance functions of the 
nontninimum phase type. For a pole on the positive real p axis, A (w) 
can be computed from (3) by taking the pole at its image position 
about the origin. 
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and then 
± (a 1)2 

A(13) = 10 log    db. 
132 + (a ± 1) 2 (3) 

In Fig. 3 A(3) is plotted as a function of log [3. The 
straight line segment is tangent to A (i3) at its midpoint. 

A 

1.9A,  109P,  lo9(3,  lopfi 

Fig. 3—Definition of line-segment parameters. 

At this point the slope of AO) is a maximum and is 

given by 

S = 3.01/a db/octave.  (4) 

The remaining parameters noted in Fig. 3 are given by 

(5) 

(6) 

A0 = 20 log (a -I- 1)/(a —) db 

012 0203 = (a2 — 
133 + IT° 

132 - L. - 

0 

.--"-----'.-.----------------------
0 

8 
A. 

6 _.-------
5 

4 ., 

P2 

e 
1.0 
09, 
0.6 

a 5 

0.4 

0.3 
C 

02 

Ai '-  • 
2 3 

01, 

e = 10 log  082 + (a + i)2 db. 
Oa' + (a — i)2 

(7) 

III. THE ASSOCIATED PHASE FUNCTIONS 

The phase angle, 4,(w), of z(p) at p =jw is given by 

4,03) = tan-1   tan-1   (8) 
(a — 4) (a + i) 

A typical 0(0) curve is illustrated in Fig. 5. The maxi-
mum occurs at the frequency corresponding to til; its 

value is 
[ a i-11/2 

= - 2 tan-1   (9) 
a + 

To facilitate sketching of phase function associated with 
a given line segment, rt,„, and 4)2 = O W = O W have been 
computed and are shown as functions of a in Fig. 5. 

Fig. 4---Line-segment parameters. 

These parameters have been computed and are shown 
as functions of a in Fig. 4. The deviation error, e, which 

is also shown in Fig. 4, is given by 

90 

10 

10 

60 

so 

ob 45 

tn 
• 40 '13 

30 

10 

IC 

0 
0.5 / 0 2.0 

Fig. 5 l'hase function data for the indicated zero-pole 
configuration. 

3.0 

IV. ZERO-POLE PAIRS OF MULTIPLICITY 
GREATER THAN ONE 

If a zero and pole, each of order n, are associated as a 
"zero-pole pair of multiplicity n", then the formulas 
given above are still applicable provided the slope, S, 
the simulation error, e, the zero frequency decrement, 
A0, and all phase function values are multiplied by n. 
The critical frequency points. 01,132, and Oa, remain un-

changed. 
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V. APPLICATION TO DESIGN OF DRIVING-
POINT IMPEDANCES 

Let Z(p) be a driving-point impedance function. A(w) 
is then the log modulus of Z(w) in db. If a given A(w) 
characteristic is approximated by the straight-line seg-
ments described above, the approximating function is 
automatically a real, rational function of p with none 
of its zeros or poles in the right half p plane. (Any zeros 
or poles on p= jw must be simple.) An additional re-
striction which the approximating function must satisfy 
is that I (P(w) I 590 degrees for all w. If z(p) is a rational 
function having no zeros and n„ poles, this last condition 
requires that I no 7 nol equal either zero or one. This 
difference in degree is a necessary condition which will 
always be satisfied by a design consisting of any number 
of line segments (and, where necessary, one added line 
segment corresponding to a simple zero or pole), but is 
not sufficient to insure the realizability of the approxi-
mating function. Consider the case of a single zero-pole 
pair. If n =1, the corresponding z(p) is realizable for 
any a . For n>1, z(p) is realizable only for ce-Can 
where or„ is that value of a for which 43.= 909n. A maxi-
mum permissible slope, S„„ corresponds to each a„, and 
this may be shown to be 

S. = 3.01n/a„= 3.017r 
rsin (7/211) 
L 7r/2n _I db/oct.  (10) 

For large n, S„, approaches the limiting value of 9.45 db/ 
octave. It appears, therefore, that this represents the 
approximate upper limit to the slope which it is possible 
to achieve for a driving-point impedance function using 
the line segments described here. 
Of course, it is not sufficient to consider only an iso-

lated line segment, since the phase contributions of suc-
cessive line segments are additive. Inspection of Fig. 4 
reveals that the midpoints of successive line segments 
(the points of maximum phase contribution) are sepa-
rated by about three octaves. Since this separation is, to 
a first approximation, independent of the slopes of the 
segments, it can be shown that an estimate of the total 
phase angle at the midpoint of a particular line segment 
may be obtained by adding to the 4)„, of that segment 
about 25 per cent of the value of 4)„, for each of the two 
immediately adjoining segments. When this estimate re-
veals that  is close to 90 degrees at some value of w, 
then a more careful check of the phase function must be 
made in the neighborhood of that frequency. 

VI. SIMULATION OF TRANSFER IMPEDANCE 
FUNCTIONS 

The transfer impedance function chosen for discussion 
is the complex insertion loss, O=A -1-j41, of a two-termi-
nal pair network. Since the rational functions which re-
sult from the use of the straight-line segments described 
above have all their zeros and poles on the real p axis, 
then the synthesis of these approximating functions is 

most conveniently accomplished on an image-parameter 
basis using constant-resistance sections.3 The insertion 
loss of a constant-resistance section is the ratio of its 
input to output voltage with the section properly termi-
nated in its characteristic resistance, R, and is given I 
by" 

e' = Z,/ R,  (11) 1 

where z, is the short-circuit transfer impedance of the 
section (including its terminating resistor). Since the 
insertion of a constant-resistance section into a network II 
does not change the loading of the source, e must be re-
stricted as follows: 

e'31 1 (at p = jw).  (12) 

In addition, since the restrictions on e° are essentially 
those on zs, the zeros of e must lie in the left-half p 
plane (or if they occur on p =jw they must be simple) 
while its poles are restricted only by the conjugacy con- t 
dition. I f, however, all the poles of e lie in the left-half 
p plane, then the corresponding network is a minimum- • 
phase shift structure. Since any passive ladder network 
is a minimum-phase shift structure,5 then, while a con-
stant-resistance section can be realized in either a lat-
tice or ladder configuration, discussion is limited to the 
more useful ladder sections. 

Fig. 6— Constant-resistance ladder sections. 

Some typical constant-resistance ladder structures are 
given in Fig. 6. Two of the circuits of Fig. 6 are L 
sections and exhibit the constant-resistance property ill 
one direction only. This direction is indicated by the ar-
rows on the diagram. As noted in Fig. 6, the impedances 
Z1 and Z2 are inverse. The insertion loss of these ladder 
sections is 

ei = 1 + Z1/R.  (13) 

3 E. A. Guillemin, "Summary of Modern Methods of Network 
Synthesis," Advances in Electronics Vol. III (Academic Press), pp. 
283-290; 1951. This reference includes a discussion of alternate syn-thesis procedures. 

0. J. Zobel, "Distortion correction in electrical circuits," Bell 
Sys. Tech. Jour., vol. 7, p. 3; July, 1928. 

H. W. Bode, "Network Analysis and Feedback Amplifier De-sign,"  • D. Van Nostrand Co., New York, N. Y., chaps 11 and 12. 
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Then, 
Zi/R = R/Z2=  - 1. 

VII. EXAMPLE OF SYNTHESIS OF AN ATTENUA-
(14)  TION EQUALIZER 

From (14) the Z1 and Z2 networks corresponding to the 
basic zero-pole configurations are readily obtained and 
are shown in Fig. 7. Any more complicated transfer 
function which is realizable in the ladder configuration 
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Fig. 7-Ladder-network elements corresponding to the 
basic zero-pole configurations. 

can always be synthesized with a number of these sec-
tions in tandem, plus, if necessary, a resistance pad to 
attain the proper level of attenuation. However, it is 
often more desirable to include in a single ladder section 
the transfer characteristics of a number of zero-pole 
pairs. It is therefore of interest to investigate the con-
ditions which insure the physical realizability of a con-
stant-resistance ladder section. 
In order that a constant-resistance ladder network be 

realizable, it is necessary and sufficient that Z1 be a 
physical driving-point impedance. It is evident, there-
fore, that not only must e satisfy all the restrictions pre-
viously imposed but e must satisfy the additional re-
striction 

Rele°1  1 (at p = jw).  (15) 

A necessary, but not sufficient, condition for the realiza-
bility of an insertion-loss function in a constant-resist-
ance ladder configuration is then thatIsPI <90° at p= jw. 
For example, where a zero-pole pair with n>1 is re-
quired, it is necessary that a > a„ where an is again that 
value of a for which ,P„,=90°/n. In other words, for 

a >a„, with a„ given by 

1/a„ = 2 sin (r/2n), 

a constant multiplier, k, can always be found 
the real part of the function 

- k [p + aol n (17) 
p + 

is never less than one at p =jw. With this value of k, the 
prescribed insertion loss can be provided by a constant-

resistance ladder section. 

(16) 

such that 

The problem considered is that of providing an at-
tenuation equalizer for the cable whose insertion-loss 
data is specified in Fig. 8. The nominal characteristic im-
pedance of the line is 600 ohms. The equalization is to 
be effective up to 20 kc. The procedure to be followed in 
obtaining the required network is outlined below. 

f 
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Fig. 8--Illustrating the procedure for design of an 
attenuation equalizer. 

The slope, SI, of the cable characteristic in the vicin-
ity of 20 kc is approximately 10 db/octave. To achieve 
this slope with the simplest network will require the use 
of n1=2 and al= 0.6. This choice yields a simulation 
error, ei, of 4.15 db and approximately 42 db over-all 
attenuation (AO. If the lower terminus of the S1 seg-
ment is set at 6.2 kc where it is followed by a segment of 
slope S2=0.75 db/octave, then the error in simulation 
at 6.2 kc will be about 0.7 db. This value is predicted by 
noting that the cable attenuation is about 3.2 db greater 
than the attenuation at the intersection of the two line 
segments. The actual deviation of the equalizer attenua-
tion curve is (el -E2) = (4.15 - 0.25), or 3.90 db, where e2 
is the simulation error corresponding to S2 = 0.75 db/oc-
tave. Thus, the equalizer attenuation will be 0.7 db too 
low. It is assumed that this error is acceptable. The S2 
segment has its lower critical-frequency terminus at 830 
cps. The "blocking in" of the attenuation curve is com-
pleted by the addition of a third segment of slope S3 

= 0.75 db/octave with its upper critical frequency ter-
minus at 830 cps. Recapitulating, the pertinent param-
eters are collected in Table I. 

TABLE I 

S n a 13 d 

db/oct cps 2rf://32 

1. 10.0 2 0.6 0.079 6,200 1.57rX106 

2. 0.75 1 4.0 1.45 830 1.157X Ms 

3. 0.76 1 4.0 1.45 110 1.52r X 102 

The two low-frequency sections, corresponding to S2 

and S3 may be synthesized directly from the data in 
Table I with the aid of the formulas in Fig. 7(b). 
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In order to decrease the over-all attenuation level of 
the equalizer, a double zero is added to the insertion-loss 
function as indicated in Fig. 8. As the critical frequency 
of the line segment corresponding to this double zero ap-
proaches 20 kc the over-all attenuation is decreased. At 
the same time, however, the error in simulation at 20 kc 
is increased. If a compromise value of 60 kc is chosen for 
this critical frequency, the simulation error will be about 
one db and the added attenuation at 20 kc due to the 
equalizer will be about 10 db. The insertion-loss func-
tion for the high-frequency section is then 

= [p + 12r X 104 p + 17.3r X 104T 
 X   (18) 
12kr X.104 p + 1.57r X 104 

where k is to be given its maximum value consistent 
with physical realizability. Suppose it is desired to syn-
thesize the high-frequency section as two identical L sec-
tions in tandem. For each section 

p2-1-r(29.3- 12k)to4p -l-r2(107.6-18.8k)108 
  , (19) 

12krX104 (p+1.57r X104) 

from which it is 
which will yield 
—1.57)/12 =2.31. 

clear that the maximum value of k 
a physical network is k„,„.= (29.3 
For this value of k, (19) reduces to 

1  64.170 X 108 1 

R  27.7r X 104[P + p + 1.577r X 104_1' 

from which Z1 is readi y synthesized. Choosing Z2 in-
verse to Z1 will then yield the required L section. The 
complete equalizer is shown in Fig. 9. Once k has been 
specified as 2.31, the equalizer attenuation at zero fre-
quency is readily found to be 31.4 db. The cable plus 

December] 

equalizer attenuation can then be plotted as in Fig. 8. 
The maximum deviation from a flat characteristic in the 
range from 0.15 to 20 kc is about 0.8 db. 

1.--LOW FREQUENCY SECTION-big-HIGH FREQUENCY SECTION-01 

1 1 i i 1  t 
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Fig. 9—Complete attenuation equalizer for the cable of Fig. 8. 

VIII. CONCLUSIONS 

The use of the line segments described in this paper 
provides a rapid and convenient method for approxi-
mating a prescribed magnitude characteristic. The basic 
limitation of this method is that a given line segment 
extends over a definite frequency interval of about three 
octaves. Therefore, this method is not suitable for simu-
lation of rapid magnitude changes over a short fre-
quency interval. The advantages of this method may be 
summarized as: (a) the line segments used are of arbi-
trary slope, (b) the use of straight line segments greatly 
simplifies the problem of superimposing the effects of 
groups of zero-pole pairs, and (c) confining the zeros and 
poles of approximating function to the real p axis simpli-
fies the problem of predetermining its realizabilitv. 
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in Orlando, Fla. 

Since 1946, Mr. Hartsfield has been em-
ployed by the National Bureau of Standards 
was project leader in various phases of ex-
perimental radio propagation research. 

• 

Frank Hopkins, Jr. was born in Holly 
Springs, Miss. on January 12, 1927. He re-
ceived the B.E. degree from Vanderbilt Uni-

versity in 1950 and 
the M.E. degree from 
Yale University in 
1951. During the year 
1945-1946 he served 
in the Sig,ial Corps 
as a telephone opera-
tor  in Occupation 
Forces, Tokyo. Since 
July, 1951 he has 
been  an  assistant 
project engineer at 
Sperry  Gyroscope 
Company. 

at Vanderbilt University Mr. 
a member of Sigma Nu and 

• 

Everett H. Hurlburt (A'44) was born in 
Cleveland, Ohio on May 6, 1910. He received 
the B.A. degree from Western Reserve Uni-

versity in 1933, the 
M.A.  degree from 
Harvard University 
in 1934, and the 
Ph.D. degree in phys-
ics from Ohio State 
University in 1940. 
He taught at Fenn 
College in Cleveland 
until 1942. 
In 1942 Dr. Hurl-

burt went to the Na-
E. H. HURLBURT  val Research Labora-

tory as a member of 
the vacuum-tube section, where he remained 
until 1947. At this time he joined the staff of 
the Microwave Standards Section of the Na-
tional Bureau of Standards. Since 1951 Dr. 
Hurlburt has been at the Naval Ordnance 
Laboratory, where he is chief of the high-
frequency fields branch. 

J. F. KALBACH 

Dr. 1 lurIburt is a member of the IRE 
subcommittee 7.6 on small high-vacuum 
tubes, also of the A.P.S., Phi Beta Kappa, 
Sigma Xi, and Sigma Pi Sigma. 

• 

C. W. Johnstone (SM'49) was born on 
August 22, 1916 in Alamosa, Col. He re-
ceived the B.A. degree in physics-mathemat-

ics  from  Colorado 
College in 1938 and 
the M.A. degree in 
physics from Dart-
mouth  College  in 
1940. He then spent 
a year as graduate 
assistant in the Phys-
ics Department at 
Pennsylvania  State 
College. 
In 1941 Mr. John-

C. W . JOHNSTONE  stone  joined  the 
Sperry  Gyroscope 

Company, where he was engaged in the de-
velopment of indicator circuits for Navy 
night-fighter radar and doppler radar. He 
was assigned to the Combined Research 
Group at the Naval Research Laboratory in 
1944, where he was responsible for the design 
of radar-I.F.F. interconnections. Returning 
to Sperry in 1945, he was made project engi-
neer for marine radar development. 
In 1947 Mr. Johnstone became affiliated 

with the Electronics Group of the Los Ala-
mos Scientific Laboratory, where he is Sec-
tion Leader for electronics research and As-
sistant Group Leader. 
Mr. Johnstone is a member of Phi Beta 

Kappa and Sigma Pi Sigma. 

• 

John F. Kalbach (SM'51) was born in 
Seattle, Wash. on January 2, 1914. After re-
ceiving the B.S. degree from the University 

of  Washington in 
1937, he joined the 
General  Electric 
Company. After par-
ticipating in the Test 
and Advanced Engi-
neering program, he 
worked as design en-
gineer in Lynn, Mass. 
on high-speed ac tur-
bine generators, spe-
cializing in their test-
ing and instrumenta-
tion. 

In 1947, he joined the staff of the Univer-
sity of California at Berkeley, Calif., where 
he was a lecturer in electrical engineering. 
He moved to the University's Los Alamos 
Scientific Laboratory to assist with the engi-
neering design and construction of a 12 
million-volt electrostatic particle accelerator. 
In 1951, after the accelerator had been 

put-into operation, Mr. Kalbach joined the 
William  Miller Corporation,  Pasadena, 

J. A. KOSTRIZA 

Calif., where he is senior development engi. 
neer. 
Mr. Kalbach is a member of A.I.E.E., 

Tau Beta Pi, Sigma Xi, and American Sod-
ety of Professional Engineers. 

J. A. Kostriza (M'47) was born in Staten 
Island, New York on October 10, 1912. He 
received the B.S. degree in electrical engi-

neering from Cooper 
Union  Institute of 
Technology in 1936 
and the M.E.E. de-
gree from the Poly-
technic Institute of 
Brooklyn  in  1949. 
From 1938 to 1944, 
he  taught  applied 
mathematics and sci-
ence in the New York 
City school system. 
In 1944, Mr. Kos-

triza  did research 
work on glass-vane attenuators for micro-
waves and taught undergraduate electrical 
engineering at the Polytechnic Institute of 
Brooklyn. Starting in 1945, he is now project 
engineer in charge of the microwave com-
ponents group in the special project labora-
tory of the Federal Telecommunication 
Laboratories. 
Mr. Kostriza is an associate of the 

A.I.E.E. and associate member of Sigma Xi. 

Herbert L. Krauss (S'40—A'42—M'46--
SM'50) was born in Topeka, Kan. on August 
24, 1916. He received the B.S. degree in 

electrical engineering 
from the University 
of Kansas in 1939 
and the M.E. degree 
from Yale University 
in 1941. The summer 
of 1941 he worked in 
the research labora-
tories of the Sperry 
Gyroscope Com-
pany, then returned 
to Yale to teach in 
the department of 
electrical engineering. 

Mr. Krauss is now an associate profeg-
sor at Yale, teaching communication net-
works and systems. He also is codirector of 
a research project on pulse-code modulation, 
sponsored by the U. S. Signal Corps. 
Mr. Krauss is a member of the executive 

committee of the Connecticut Valley Section 
of the IRE, in which he has held the offices 
of chairman, vice-chairman, and secretary-
treasurer. He is a member of the Circuits 
Committee of the IRE, and formerly served 
on the Electron Tubes Committee. Mr. 
Krauss also belongs to the A.I.E.E., Sigma 
Xi, Tau Beta Pi, and the Yale Engineering 
Association. 

H. L. KRAUSS 

NI 

1.• 
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DOUGLAS E. MODE 

Contributors to Proceedings of the I.R.E. 
Harold J. Lang (A'46) was born on April 

9, 1923 in Buffalo, N. Y. He attended Rens-
selaer Polytechnic Institute for three years 

and Virginia Poly-
technic Institute for 
one year, as an elec-
tronics student. He 
then joined the U. S. 
Army, and for three 
years served in the 
electronics group at 
the Los Alamos Sci-
entific  Laboratory, 
Los Alamos, N. M. 
After being dis-

HAROLD J. LANG  charged he returned 
to Los Alamos Scien-

tific Laboratory as a staff member in the 
Physics Division, working on instrumenta-
tion for the 12-mev Van de Graaff generator. 

The following photograph and biography 
of Dr. Miller were omitted inadvertently 
from the September issue. 
Kenneth S. Miller (A'47-M'52) was born 

on June 4, 1922 in New York, N. Y. He re-
ceived the B.S. degree in chemical engineer-

ing from Columbia 
University in 1943. 
During  World 

War II Dr. Miller 
served as a radar of-
ficer in the U. S. 
Navy. After a brief 
association with the 
Otis Elevator Com-
pany, he resumed his 
studies at Columbia 
University, receiving 
the A.M. degree in 
1947 and the Ph.D. 

degree in 1950, both in mathematics. His 
post-doctoral work was done at the Institute 
for Advanced Study, Princeton, N. J. At 
present he is an assistant professor of mathe-
matics at New York University. 
Dr. Miller is a member of the American 

Mathematical Society, Sigma Xi, Tau Beta 
Pi, and Pi Mu Epsilon. 

K. S. MILLER 

Douglas E. Mode (SM'46) was born on 
April 4, 1911 in Brandon, Manitoba, Can-
ada. In his youth he operated radio W9BCZ, 

and was in charge 
of service repairs for 
National Radio in 
Chicago. He received 
the B.S., M.S., and 
Ph.D. degrees from 
the  University  of 
Pennsylvania  in 
1935, 1937, and 1947, 
respectively. 
From  1936  to 

1940 Dr. Mode was 
a research and de-
velopment engineer 

with the General Electric Company. In 1940 
he became an instructor at Lehigh Univer-

E. RIMAI 

sity, then assistant professor until 1944. He 
then joined the electronic-design group at 
the Underwater Sound Laboratory in New 
London, Conn., where he was engaged in the 
development of specialty electronic devices 
for the Navy. In March, 1945 Dr. Mode 
transferred to the Radiation Laboratory at 
the Massachusetts Institute of Technology, 
where he was in charge of uhf filter designs 
for project Cadillac. 
Returning to Lehigh in 1945, Dr. Mode 

became associate professor of radio com-
munication. Since that time he has also been 
the director of the uhf filter research pro-
gram sponsored by the Air Force. 
Dr. Mode is a member of Eta Kappa 

Nu, Tau Beta Pi, Sigma Xi, and the A.S.E.E. 

Philip F. Ordung (S'40-A'43-M'48-SM 
'49) was born at Luverne, Minn. on August 
12, 1919. He received the B.S. degree in elec-

trical engineering at 
South Dakota State 
College of Agricul-
ture and Mechanic 
Arts in 1940; the 
M.E. degree in 1942, 
and the Eng. degree 
in 1949 from Yale 
University. 
Dr. Ordung came 

to Yale as a labora-
tory assistant in 1940 

P. F. ORDUNG and remained on the 
staff of electrical en-

gineering until 1944. From 1944 to 1945 he 
was employed by the Naval Research Labo-
ratory in connection with the development 
of radar modulators. In 1945 he returned to 
the staff of electrical engineering at Yale, 
where he is currently an associate professor. 
He has served on the Networks Commit-

tee of the IRE and the A.I.E.E. He is an as-
sociate of the A.I.E.E. and a member of 
Sigma Xi. 

For a photograph and biography of DR. 
J. R. PIERCE see page 1128 of the Septem-
ber, 1952 issue of THE PROCEEDINGS OF THE 
I.R.E. 

E. Rimai was born in New York City on 
September 24, 1911. He attended the Col-
lege of the City of New York, from which he 

received the B.S. de-
gree in 1932 and the 
M.S. degree in 1933 
in education. 
From 1933  to 

1940, Mr. Rimai was 
employed in several 
miscellaneous  jobs. 
He served as a labora-
tory assistant in the 
Brooklyn Technical 
High School from 
1940 to 1942 and as a 
junior engineer in 

the U.S.A. Signal Corps for a year. 

G. S. Wickizer 

Since 1943, Mr. Rimai has been em-
ployed at the Federal Telecommunication 
Laboratories, where he is now a senior engi-
neer in the microwave components group of 
the special projects laboratory. He has 
worked on pulse and video circuits and on 
the theoretical analysis of various problems 
in electronics. 

For a photograph and biography of 
RICHARD SILBERSTEIN, see page 1000 of the 
August, 1952 issue of the PROCEEDINGS OF 
THE I.R.E. 

Edward L. Sparrow (A'51) was born on 
June 1, 1920 in Portland, Maine. He re-
ceived the B.S. degree in electrical engineer-

ing from the Univer-
sity of New Hamp-
shire in 1950 and the 
M.E. degree in elec-
trical  engineering 
from Yale University 
in 1951. 
Mr. Sparrow at-

tended General Mo-
tors Institute for a 
year, then he joined 
the U.S.A. Signal 
Corps in 1942, at-
tended radar school 

and later served in Italy. He is now em-
ployed at the National Bureau of Standards 
in the Ordnance Electronics Division. 
Mr. Sparrow is a member of Tau Beta 

Pi. 

" 

E. L. SPARROW 

Gilbert S. Wickizer (A'28-SM'46) was 
born in Warren, Pa., on August 20, 1904. He 
received the B.S. degree in electrical engi-

neering from  the 
Pennsylvania State 
College in 1926, and 
after graduation he 
was employed by the 
Radio Corporation of 
America, in the oper-
ating  division at 
Rocky Point, N. Y. 
Since 1927, he has 
been with RCA at 
Riverhead, N. Y., en-
gaged in communica-
tions  research  on 

problems of reception, including propagation 
studies in the vhf and uhf regions and de-
velopment work on direction-finding, fre-
quency measurement, receiving antennas, 
and field strength measurement. 
Mr. Wickizer is a member of Eta Kappa 

Nu, the American Geophysical Union, and 
the American Meteorological Society. 
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CORRECTION 
The synopses given below were omitted from Figs. 17, 18, and 19 of the paper, "Transistors in Switching Cir-

cuits," by A. Eugene Anderson, which appeared on pages 1541-1558 of the November, 1952 issue of the PROCEED- . 
INGS OF TIIE I.R.E. The synopses summarize the approximate analytical relationships for the three regions of the 
negative resistance characteristics. Where the indicated approximations apply, the relationships may be employed 
directly in the computation of quiescent circuit behavior. Where the approximations do not apply, regional equa-
tions should be derived from the general voltage-current relation given at the beginning of each synopsis. 
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Fig. 17—Synopsis of emitter negative resistance characteristic and properties. 
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SIMPLIFIED COLLECTOR CIRCUIT 
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Fig. 19—Synopsis of base negative resistance charac eristic and properties. 
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Correspondence 

Engineering Unity 

In the interests of real unity in the engi-
neering profession may I be allowed to sub-
mit the following thoughts for considera-
tion? 
I have been a member through all grades, 

and continuously since college, of one of our 
larger technical societies. I have also been a 
state section president and contributed to 
committees and publications. It should be 
evident then that I am not interested in 
sabotaging the value of our technical socie-
ties. 
However, to many of us the crying need 

of engineers today is the establishment of 
one paramount society that will truly repre-
sent all qualified engineers, both profession-
ally and technically, at local, national, and 
international levels. It should be an inte-
grated society, and not merely a banding 
together of existing societies into a federa-
tion which neither represents all qualified 
engineers nor permits direct and demo-
cratic election of officers and directors by the 
individual members. 
Many of us in the grass roots are disap-

pointed in the four unity plans (A, B, C, D) 
so far proposed and would like to see at least 
one other plan considered. We are also dis-
appointed that the individual members have 
had little or no opportunity to study all 
plans, compromises, or worthy minority 
ideas. 
Apparently, the Exploratory Group, in 

its report of December, 1950, expected indi-
vidual members to have ample opportunity 
to express their ideas on unity. This does 
not seem to have been done generally, and 
many of us feel that we are being forced to 
consider plans that could be improved for 
the benefit of engineers. I have written the 
Exploratory Group on this, and suggested 
that each individual member of at least the 
15 national societies that make up the Ex-
ploratory Group be polled to learn his wishes 
after he has had ample opportunity to study 
all plans, compromises, and worthy minority 
ideas. Among the latter there is an admira-
ble plan (called Plan E) that has been sub-
mitted by the Florida Section of A.S.C.E. 
Unless engineers can be sure of what they 
want, there will always be dissatisfaction 
and disunity. 
At a very recent regional meeting of the 

American Society for Engineering Educa-
tion, at which I spoke on the Unity situa-
tion, I was surprised to learn of the vital 
interest this large group of engineering 
educators had in the subject; of their almost 
unanimous dissatisfaction with the Plans 
A, B, C, and D; and their desire for more 
information and a better integrated plan to 
consider. A resolution was passed unani-
mously to that effect and forwarded to the 
national A.S.E.E. secretary. It turned out 
that only 5 out of the group had seen or 
heard much about the four plans before my 
talk. They were also keenly interested in 
having a plan that would be a real integra-
tion of technical and professional interests 
and one in which the individual could vote 

directly for its officers and directors. 
I am interested in real unity and not 

further disunity. I intend to support whole-
heartedly a plan that the majority of engi-
neers favor. Some of us want to be sure, 
however, that engineers have adequate op-
portunity to express their wishes on the plan 
they want. Such can hardly be done without 
a poll, or if they are told, it must be one of 
the four plans or nothing. 

T. H. EVANS 
Dean of Engineering 

Colorado Agricultural and 
Mechanical College 
Fort Collins, Col. 

Telepathy and the Quantum* 

The suggestion by Hammond in his re-
cent communication' that the neutrino pos-
sesses physical attributes which may permit 
it to serve as a carrier for telepathic com-
munication does not take into consideration 
the important nonphysical attributes neces-
sarily concomitant with any telepathic 
modus operandi. For instance, experiments 
in extrasensory perception show no correla-
tion with distance or mass, while Rhine 
points out2 that the telepathic properties are 
closely related to the higher properties of the 
mind. If it is assumed that Hammond's 
neutrino is an inert agent directed by some 
propelling mechanism within the brain, 
then this mechanism must have remarkable 
directive powers. For telephathic communi-
cation between two individuals on opposite 
sides of the earth, for example, the neutrino 
must be directed with an accuracy of ap-
proximately one part in 101°, assuming the 
brain as target. This is an extremely strin-
gent requirement, even neglecting the inter-
ference effects of the intervening matter or 
the necessity of transmitting an enormous 
range of information, via the particle. 
On the other hand, Hammond's sugges-

tion becomes attractive if the neutrino is 
delegated an active part in the postulated 
telephathic process, i.e., if the particle con-
tains the necessary information and the 
means to choose and "home" on its target. 
These properties are, however, deterministic 
in nature, a characteristic not associated 
with inert forms of matter. It demands the 
existence of noninert forms of matter within 
the neutrino—forms of matter which have 
the ability to control, direct, and utilize 
energy. These properties, which are com-
monly grouped under the term "will," are 
associated only with biological forms of 
matter as far as is known at present. It 
therefore poses the following question: Do 
there exist subelectronic forms of matter 
possessing deterministic properties akin to 
those of biological matter? 
It would be difficult for modern science 

to give a rigorous denial to this question. In 

• Original manuscript received by the Institute. 
July 28, 1952. 

I A. L. Hammond, 'A note of telepathic communi-
cation.' PROC. I.R.E.. vol. 40, p. 605; May. 1952. 

J. B. Rhine. 'The Reach of the Mind." W. Sloane 
ASSOC.. Inc.. New York. N. V.; 1947. 
I R. J. Bibbero. 'Telepathic communication," 

PROC. I.R.E., vol. 39, pp. 290-291; March. 1951 

fact there are suggestions of an affirmative 
answer as the following remarks intend to 
show. 
Planck's quantum of action, h, which has 

been termed the most important constant 
in atomic physics and the key to the micro-
cosm, has been identified by some philoso-
phers and physicists with the existence of a 
microcosmic "will." This may be shown to 
result from the nature of action. Action is 
defined as the time integral of energy, or 
Udt, where U is energy and to and Si 

define an interval of time. For closed sys-
tems, i.e., those having constant energy, the 
action is of no significance since any choice 
of interval is arbitrary and meaningless. 
However, any transfer or transformation of 
energy, such as a collision, chemical reaction, 
meteorological phenomenon, existence of a 
sun, and so on, is associated with a definite 
energy and interval, hence a finite action. 
But a quantum of action requires that the 
magnitude of an action recurs in nature with 
a probability of one. This in turn demands 
the existence of a chanceless process, hence 
the association with a "will." (The physicist 
normally stresses the converse, i.e., that 
the magnitudes of the components of the 
quantum of action, energy, and time inter-
val are mutually indeterminate.) 
Inert phenomena do not satisfy the 

chanceless or determinant requirements for 
the production of a quantum. For instance, 
the probability that the actions of two col-
lisions or of two suns are the same is small, 
while the probability that all collisions or 
suns have identical action is nil. Although 
there is a direct cause and effect relationship 
in inert phenomena, the probability that all 
the causes, hence effects, be quantitatively 
identical is almost zero. 
Contrarily, biological phenomena do 

satisfy this chanceless requirement. The 
probability that humans reproduce humans 
and not some other form of matter, as an 
illustration, is very nearly one. This repro-
ductive process, one of the most chanceless 
in the universe, is responsible for the similar 
metabolic and mortality characteristics of 
all members of a species, and should conse-
quently produce a similar value of action 
corresponding to the existence of each indi-
vidual. This has been quantitatively verified 
by the author.° The results indicate that the 
members of each living species may be asso-
ciated with a finite value of action within 
narrow limits. 
This biological quantum of action is tfie 

only type found in nature in addition to 
the enigmatic h. Its existence reinforces the 
argument that a quantum of action is asso-
ciated with determinant forms of matter, 
and consequently implies that one of the 
manifestations of h is telepathy. 

M ARTIN RUDERFER 

69-17 150 St. 
Kew Gardens Hills 

L. I., N. Y. 

'M. Ruderfer. 'The concept of action as a measure. 
of living phenomena,' Scieac., vol. 110. pp. 245-252: 
1949 
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Institute News and Radio Notes 

Calendar of 

COMING EVENTS 

IRE-AIEE ACM Computers Confer-
ence, Park Sheraton Hotel, New 
York, N. Y., December 10-12 

Conference on High-Energy Nuclear 
Physics, University of Rochester, 
Rochester, N. Y., December 18-20 

IRE-AIEE Meeting on High-Fre-
quency Measurements, Washing-
ton, D. C., January 14-16 

IAS-IRE-RTCA-ION Symposium on 
Electronics in Aviation, New York, 
N. Y., January 26-30 

IRE-AIEE Western Computer Con-
ference, Hotel Stetler, Los An-
geles, Calif., February 4-6 

IRE Southwestern Conference and 
Electronics Show, Plaza Hotel, 
San Antonio, Tex., February 5-7 

IEE Symposium on Insulating Mate-
rials, London, Eng., March 16-18 

1953 IRE National Convention, Wal-
dorf-Astoria Hotel and Grand 
Central Palace, New York, N. Y., 
March 23-26 

IRE New England Radio Engineering 
Meeting, Storrs, Conn., April 11 

9th Joint Conference of RTMA of 
United States and Canada, Am-
bassador  Hotel,  Los  Angeles, 
Calif., April 16-17 

IRE Seventh Annual Spring Techni-
cal Conference, Cincinnati, Ohio, 
April 18 

1953 National Conference on Air-
borne Electronics, Dayton, Ohio, 
May 11-14 

1953 IRE-RTMA Radio Fall Meeting, 
Toronto, Ont., October 26-28 

SUPPLEMENT TO STANDARD 51 IRE 
17 Si 
A supplement to the "Standards on Radio 

Receivers: Open-Field Methods of Measure-
ment of Spurious Radiation from Frequency 
i Modulation and Television Broadcast Re-
1 ceivers, 1951,' has been prepared by the 
Spurious Radiation Subcommittee of the 
Committee on Receivers. This supplement If contains practical suggestions on the choice 
of calibrating site, location and setup of 
equipment, and most expeditious use of 
auxiliary services. It also contains a section 
on site calibration, describing means for 
1 checking the over-all performance of the 

setup by means of a standard signal gener-
ator. By this method greater uniformity of 
sites and agreement between measurements 
taken at different sites should be achieved. 
Further information may be obtained by 

writing to the Institute of Radio Engineers, 
1 E. 79 Street, New York 21, N. Y. 

ANNUAL IRE AWARDS FOR 
1953 ANNOUNCED 

Dr. John M. Miller, superintendent of 
Radio Division 1 of the Naval Research 
Laboratory, Washington, D. C., has been 
named the recipient of the IRE Medal of 
Honor for 1953, the Institute's highest 
award. The award was given "in recognition 
of his pioneering ccntributions to our basic 
knowledge of electron tube theory, of radio 
instruments and measurements, and of 
crystal oscillators." 
The presentation of the award will be 

made by the President of the Institute at the 
IRE Annual Banquet, Waldorf-Astoria 
Hotel, New York, N. Y., on March 25, 1953, 
during the IRE National Convention. 
The recipients of other annual awards 

have been announced as follows: Morris 
Liebmann Memorial Prize, to John A. 
Pierce, Harvard University; Vladimir K. 
Zworykin Television Prize Award, to Frank 
Gray, Bell Telephone Laboratories; Harry 
Diamond Memorial Award, to R. M. Page, 
Naval Research Laboratory; Browder J. 
Thompson Memorial Prize to R. C. Boon-
ton, Massachusetts Institute of Technology; 
Editor's Award, to E. 0. Johnson and W. M. 
Webster, RCA Laboratories Division. 
In addition, the following were awarded 

the grade of Fellow, effective January 1, 
1953: 

E. W. Allen, Jr. 
J. P. Arnaud 
B. B. Bauer 
J. W. Bell 
L. J. Black 
H. G. Booker 
W. E. Bradley 
J. L. Callahan 
K. A. Chittick 
A. A. Collins 
E. U. Condon 
W. W. Eitel 
Harry Faulkner 
E. B. Ferrell 
W. R. Ferris 
L. R. Fink 
L. R. Hafstad 
F. Hamburger, Jr. 
L. B. Headrick 
P. J. Herbst 
John Hesse! 
H. E. Hollmann 
T. A. Hunter 
E. J. Isbister 

E. C. Jordon 
F. G. Kear 
R. W. P. King 
R. G. Kloeflier 
E. A. LaPort 
R. R. Law 
W. A. MacDonald 
J. A. McCullough 
J. A. Morton 
A. B. Oxley 
Albert Preisman 
J. C. R. Punchard 
J. A. Rajchman 
J. A. Ratcliffe 
S. 0. Rice 
Walther Richter 
A. A. Roetken 
W. M. Rust, Jr. 
Jorgen Rybner 
Daniel Silverman 
A. W. Straiton 
Irven Travis 
Bertram Trevor 
H. W. Wells 

C. J. Young 

TECHNICAL COMMITTEE NOTES 

On October 8, the Antennas and Wave-
guides Committee met under the Chairman-
ship of D. C. Ports. The members reviewed 

the criticisms, comments, and the resultant 
action on document 51 IRE 2. PSI, Defini-
tions of Wave Guide Terms. 
Under the Chairmanship of G. D. 

O'Neill, the Electron Devices Committee 
met on September 12. L. S. Nergaard re-
ported on the status of the "noise defini-
tions." Dr. Nergaard remarked that the 
Committee on Receivers had presented de-
finitions for noise factor, spot noise factor, 
and average noise factor approximately the 
same time as Committee 7 had presented its 
proposed definitions, but that as far as he 
knows, the Standards Committee has ap-
proved only the material from this Com-
mittee. The American Standards Associa-
tion has requested noise standards from the 
IRE, and it is assumed that they will follow 
past practices of using what is supplied, ver-
batim. Dr. Nergaard believes there should 
be joint sponsorship with the Receivers 
Committee on these standards. The Defini-
tions for Phototubes (52 IRE 7.2 C) were 
revised and approved by the Committee as 
were the proposed Definitions of Terms Re-
lated to Storage Tubes. 
The Navigation Aids Committee met on 

September 16, under the Chairmanship of 
P. C. Sandretto. Further consideration was 
given to a list of terms presented by Harry 
Davis. 
On September 12, the Symbols Com-

mittee met under the Chairmanship of A. G. 
Clavier. C. D. Mitchell, Chairman of Task 
Group 21.2 on Graphical Symbols for Semi-
conductors, gave a report on the status of 
work in his group. W. B. Callaway, Chair-
man of the Task Group on Symbols for 
Functional Operation of Control, Comput-
ing and Switchboard Equipment, introduced 
F. J. Roehm and A. C. Reynolds, Jr. of 
IBM, Endicott, N. Y. At Mr. Callaway's 
request, the chairmanship was transferred 
from him to Mr. Reynolds. A. F. Pomeroy 
made a report on the status of graphical 
symbols standardization in the industry and 
the Armed Services. The report pointed out 
that it is believed MIL-STD-15A will be 
proposed in December of this year and will 
be essentially in agreement with the latest 
ASA Y32/2 draft. Subcommittee 2 of ASA 
Committee Y32 has completed its draft of 
the ASA Standard on Graphical Symbols 
and has given it to a task group to edit. Dis-
cussion ensued as to whether IRE would 
adopt the ASA Standard containing the 
power and control symbols, in addition to 
those pertaining to electronics, or whether it 
was the consensus of opinion that power and 
control symbols be omitted from the IRE 
Standard. It was voted unanimously that 
the Symbols Committee adopt the proposal 
of the ASA Y32/2 Task Group on Graphical 
Symbols for Electrical Diagrams as an IRE 
Standard, with an introductory paragraph 
explaining that it includes power symbols 
originating outside of IRE. Mr. Clavier re-
marked that some interest has been ex-
pressed in a standard for graphical symbols 
for computers and asked whether any new 
symbols are required for computer work or 
if the components used in this work are ade-
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quately covered by existing symbols. It was 
agreed that Mr. Reynolds will furnish Mr. 
Clavier with a report covering his prelimi-
nary study of the scope of this job. Report-
ing on the need for symbols on feedback 
control systems, Mr. Clavier called atten-
tion to an AIEE subcommittee report on 
terminology and nomenclature of the Feed-
back Control Systems Committee of May 
18, 1951. Discussion ensued on this report. 
The Chairman reported that C. R. Muller 
has provided him with the results of an in-
formal survey, made during the 1952 IRE 
Convention, of present practice in regard to 
a schematic symbol for Geiger-Mueller 
counter tubes. A rather wide diversity is in-
dicated and it was agreed that this Com-
mittee should take steps to establish a 
standard. Copies of Mr. Muller's report will 
be circulated to committee members for 
comment and the results will be submitted 
to the Chairman of the Electron Devices 
Committee for further comments. An at-
tempt will be made to complete this survey 
in time to propose a standard symbol for in-
clusion in the ASA and MIL Standards on 
Graphical Symbols. 
The Video Techniques Committee met 

on October 2, under the Chairmanship of 
W. J. Poch. The first item on the agenda was 
the Annual Review. A. J. Baracket has 
agreed to edit the material in the field of 
video techniques and requested suggestions, 
especially from the other subcommittee 
chairmen, for subjects which should be in-
cluded in the report. A request from L. G. 
Cuinming, regarding the status of two lists of 
definitions compiled several years ago, was 
discussed. It was agreed that these incom-
plete lists should be replaced by more up-to-
date information. In order to expedite the 
work on definitions, it was decided that the 
immediate effort should be directed towards 
obtaining a satisfactory list of definitions 
concerned with the characteristics and meas-
urement of the signal output from a tele-
vision studio facility. After this work is 
completed, the remaining definitions can be 
considered as a second group. The Com-
mittee next reviewed its accomplishments 
within the last few years which include the 
following: (1) Standard on Measurement of 
Television Signal Levels, (2) Standard on 
Measurement of Pulses, (3) Standard on 
Measurement of Resolution, (4) Standards 
on Measurement of Electronically Regu-
lated Power Supplies, (5) Standards on 
Measurement of Timing of Video Switching 
Systems, (6) Introduction and two tutorial 
papers on video recording. Also reviewed 
were the projects that are now active in sub-
committees. A. J. Baracket, Chairman of the 
Subcommittee on Video Systems and Com-
ponents, reported that a proposed Standard 
on the Measurement of Geometric Distor-
tion is very nearly ready for submission to 
the Video Techniques Committee. Active 
work is underway on a system for measuring 
the transfer characteristic of an amplifier 
designed to compensate for pickup device 
characteristics. Reports are being prepared 
on pickup tube interlacing and dc insertion. 
Progress is being made on a method for 
measuring the rate of change of frequency of 
synchronizing signals. A report was made 
concerning the Subcommittee on Video 
Transmission Systems on which work is 

underway to develop a satisfactory method 
for evaluating nonlinear distortion of ampli-
fiers expected to have a linear characteristic. 
Several approaches to the problem are being 
studied making use of special waveforms. 
Since R. L. Garman was unable to at tend 
the meeting, S. W. Athey reported on the 
recent activities of the Subcommittee on 
Video Utilization. There appears to be some 
confusion regarding an article submit fed by 
L. D. Grignon for Committee consideration. 
As this article was prepared sometime ago, a 
few revisions may be necessary to bring it 
up to date. Dr. Athey agreed to obtain addi-
tional copies of this report for circulation to 
members of the Video Techniques Com-
mittee in order that a decision regarding sub-
mission for publication could be made at 
the next meeting. Chairman Poch then sub-
mitted a list of terms used in the description 
and measurement of composite picture sig-
nals. This list includes terms for which de-
finitions already am available as well as 
those which require new definitions. A pre-
liminary discussion of some of the terms 
took place with emphasis on those for which 
definitions are not available. J. Battison 
offered to be of assistance in the definitions 
work and some of this activity will be re-
ferred to him. It was suggested that a closer 
relationship be established with the West 
Coast in regard to standards proposals so 
that such information would be made avail-
able to \Vest Coast areas in sufficient time to 
receive comments before final decisions. The 
Video Techniques Committee now h u two 
members from the West Coast on its Com-
mittee, and it was proposed that the sub-
committees also include in their member-
ship individuals to represent the NVcst C,, tst. 

OVER 6,100 ATTEND NATIoNAL 
ELECTRONICS CONFERENCE 

The eighth annual National Electronics 
Conference September 29—October 1, 1952, 
at the Hotel Sherman, Chicago, Ill., totitled 
a 6,165 attendance in comparison to 4,033 
of the previous year. 
The theme of the conference "Electronics 

for Defense and Industry" featured a pro-
gram of 97 technical papers, covering a 
broad field of electronic research, develop-
ment, and practical application, and were 
presented by prominent scientists and 
engineers from all sections of the country. 
The technical program was supplemented by 
120 booths of exhibits by manufacturers and 
institutions foremost in the electronics field. 
Highlighting the three luncheons of the 

conference were addresses given by E. W. 
Engstrom, vice president in charge of RCA 
Laboratories; Major General G. I. Back, 
Chief Signal Officer of the United States 
Army; and, Hamer Selvidge, director of 
special products development, Bendix Avia-
tion Corporation. 
All technical papers presented at the con-

ference will be published in volume 8 of the 
"Proceedings of the National Electronic 
Conference." This book will be available for 
five dollars after January 15, 1953, and may 
be ordered from the National Electronics 
Conference, Inc., Karl Kramer, Executive 
Secretary, 852 East 83 Street, Chicago Ill. 

Deember 

ASEE SPONSORING LITERATURE 
SURVEY 
The American Society for Engineering 

Education is sponsoring an "engineering 
literature project" to investigate the liter.C-
ture use and searching of practicing engi-
neers. Taking into considerathin that many 
engineers do not extract full value from engi-
neering literature in the libraries, the Soci-
ety is trying to discover why this may or 
may not be trw2 and what remedy, if needed, 
may be found for it. 
The survey questionnaire, directed to 

practicing engineers, contains these points; 
(a) what value they place on library or 
literature "know-how"; (b) what tra;.;ng  
they have had in this direction; (c) whether 
they think such training is desirable or even 
essential for prospective engineers; (d) what 
ideas they have on the sort of training, if 
any, that should be given. 
The questionnaire, completed by using 

checkmarks, was sent on November 24, 1952, ' 
to 1,000 engineers selected at random from 
society and association directories. 
A copy of the questionnaire is available ; 

upon request by addressing: Engineering 
Literature Project, ASEE, E. A. Chapman, 
Rensselaer Polytechnic Institute, Troy, N. Y. 

SOUTHWESTERN CONFERENCE 
SET FOR FEBRUARY 
The annual Southwestern IRE Gal fer- • 

ence and Electronics Show, to be held Febru- ; 
ary 5-•7,1953, at the Plaza Hotel, San An-
tonio, Texas, will feature a wide technical 
program including a session for student 
prize papers. 
Eleven sessions of technical papers will - 

cover the general subjects of: television, 
radio broadcasting, medical electronics, new 
components, audio, electronics in the petro-
leum industry, microwave communications, 
instrumentation,  and servomechanisms. 
This program will be supplemented with a 
variety of exhibitions from radio engi-
neering companies and a social program for 
the engineers and the ladies. Also, a com-
mittee will operate a placement service for 
the benefit of industrial firms seeking engi-
neers and for engineers seeking positions. 
Undergraduate and graduate students, 

with the exception of teaching staff mem-
bers of the rank of instructor or higher, are 
eligible for the,student papers prize of a 
session devoted to "education for radio 
engineers." Papers submitted should not ex-
ceed 3,000 words, should be in the general 
fields covered by the PROCEEDINGS (IF THE 
I.R.E., and may represent original research, 
new application of existing theory or practice 
or a critical survey radio theory, new 
equipment, components, or radio practices. 
The papers should be given to the IRE 

Representative in colleges or to the head of 
the engineering or physics division where 
no student IRE group exists. The represen-
tative or department head will select the 
two best papers and send them, by January 
5, 1953, to: Box IRE, St. Mary's Univer-
sity, San Antonio, Texas. The first prize will 
be $75.00, the second will be $25.00. 
For further information concerning the 

Conference write to: W. J. Hamm, Commit-
tee Chairman, Box IRE, St. Mary's Uni- • 
versity, San Antonio, Texas. 
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Professional Group News 
AIRBORNE ELECTRONICS 

The Dayton Chapter of the Airborne 
Electronics Group has been officially ap-
?roved. The appointed Chairman of the 
:hapter is Major Maurice Jacobs, Chief 
ECM Unit, Aircraft Radiation Laboratory, 
Wright-Patterson, AFB, Dayton, Ohio. 
A Philadelphia Chapter also has been 

approved. The new Chairman is C. K. 
Black, Technical Advisor, Naval Air De-
velopment Center, Johnsville, Pa. 

AUDIO 

A large interest has been shown in the 
i.Houston IRE Section for an Audio Group 
Chapter. For purposes of forming a chapter, 
a meeting was held recently at the Halli-
r burton Laboratory, Houston, Tex. Demon-
strations were given of small speaker en-
closures, among them the Baruch MIT 
speaker (four- to five-inch speakers), the 
Hartley-Turner speaker and "boftle," the 
Permaflux eight-inch corner speaker, and a 
small exponential horn (not for corner). 
At a Chicago Chapter meeting held re-

cently, the topic, "Electrical Mechanical 
Equivalent Circuits," was presented by 
B. B. Bauer, of Shure Brothers, Inc., and 
Robert Adler of the Zenith Radio Company. 
This meeting was held jointly with the Cir-
cuit Theory Group Chapter. 
The San Diego Chapter of the Audio 

Group met in November at the San Diego 
State College. "1 he meeting featured the 
topic, "Subjective Factors in Evaluating 
r Audio Systems," during which R. S. Gales 
and J. C. Webster, of the Navy Electronics 
Laboratory, conducted the discussion. The 
i discussion covered the auditory capacities 
of the normal human observer and relation-
, ships to the evaluation of the audio system. 
f Methods of quantitatively measuring ear 
activity were discussed, and a new method of 
conducting hearing tests was demonstrated. 

BROADCAST AND 'TELEVISION RECEIVERS 

Chairman Stephen Bushman presided at 
the Chicago Chapter meeting of the Broad-
cast and Television Receivers Group, held at 
the Western Society of Engineers Audi-
torium, September 25. Albert Cotsworth and 
J. F. White, of the Zenith Radio Corpora-
tion, spoke on "A UHF-VHF Tiirret Tuner 
for Television Receivers." 

BROADCAST 'TRANSMISSION SAS1EMS 

Two-hundred-and-fifty-one members of 
the Boston IRE Section attended the first 
meeting of the Boston Chapter on Broadcast 
Transmission Systems. C. J. llirsch, of the 
Hazeltine Corporation, spoke on color TV. 
The second chapter meeting was held re-
cently at Huntington Hall, Massachusetts 
Institute of Technology. A paper entitled, 
"TVI—Interference to Television Recep-
tion and its Elimination," was presented by 
Philip Rand of the Remington Rand Labora-
tory of Advanced Research. The paper was 
demonstrated v, ith equipment furnished by 
the American Radio Relay League, under 
the supervision of George Grammer of that 
organization. Bimonthly meetings will be 
held by this Group under the Chairmanship 
of I'. K. Baldwin. 

(Broadcast Transmission Systems Cont'd) 

Gerald Chinski, technical supervisor of 
Station KXYZ is promoting a chapter of 
the Group in the Houston IRE Section. 

COMMUNICATIONS 

The Group on Communications held a 
symposium on November 21, 1952, at the 
Coles Signal Laboratory, Red Bank. N. J. 

ELECTRONIC COMPUTERS 

The Professional Group on Electronic 
Computers is formulating its plans for the 
Joint IRE/AIEE/ACM Computer Con-
ference, February 4-6, 1953, Statler Hotel, 
Los Angeles, Calif. 
Plans for chapters of the Electronic 

Computers Group are being organized in the 
New York, Boston, and Washington IRE 
Sections. 
The Los Angeles Chapter held meetings 

recently at the Institute of Numerical 
Analysis, University of California, Los 
Angeles. At one meeting, R. Douthitt, of the 
Computer Research Corporation, spoke on 
"The CADAC-102A Computer. Mr. Dout-
hitt discussed the operation of this com-
puter, including features that would be of 
specî1 interest to coders. He gave examples 
of using interpretive subroutines and listed 
advantages and disadvantages of the device. 
Also, as speaker at the meeting was G. 
Brown of the International Telemeter Cor-
poration. Mr. Brown described the ad-
vantages and requirements of a subscription 
television system and some of the Inter-
national Telemeter's plans to meet the re-
quirements. Another meeting of the Chapter 
featured F. M. McCormack who spoke on 
"A Logical Computer for Playing Tic-Tac-
Toe," and J. Mendelson who spoke on "The 
Quac, the Quadratic Arc Computer." 

INDUSTRIAL ELECTRONICS 

The Chicago Chapter of the Group on 
Industrial Electronics held a meeting at the 
Western Society of Engineers. A symposium 
on transducers, with speakers D. L. Elam 
and J. S. Stanley, was presented. Also pre-
sented, was a paper on sonometer, by Gor-
don Kennett. 

NOTICE! MEMBERS 

The IRE Professional Group on 
Communications Systems announces 
that members who have not pre-
viously indicated interest can obtain 
application forms from the Group 
Secretary, J. L. Callahan, Radio 
Corporation of America, 66 Broad 
Street, New York 4, N. Y. 
The field of interest of this Group 

lies in methods and equipment em-
ployed in transmitting and receiving 
intelligence wire and radio telephone, 
telegraph, and facsimile. 

VEHICULAR COMMUNICATIONS 

Two new local chapters of the Vehicular 
Communications Group have been approved 
recently by the IRE Executive Committee. 

They are: the Los Angeles Chapter, Chair-
man, Maurice Kennedy, Flood Control 
District Office, 751 S. Figueroa, Los Angeles, 
Calif.; and the Washington Chapter, Chair-
man, W. A. Shipman, Virginia Gas Trans-
mission Corporation, Box 215, 109 E. Broad 
St., Falls Church, Va. Other officers elected 
to the Chapter are: Vice Chairman, E. L. 
White, and Secretary, M. E. Floegel. 
The Chicago Chapter held a meeting 

recently at the Western Society of Engi-
neers. E. H. Wavering, of Motorola, Inc., 
presented a paper on, "Mechanized Radio 
Production through the Use of Printed Cir-
cuits." 

MUSIC AND REPRODUCTION 
LECTURES SCHEDULED 
The Basic Science Division of the Amer-

ican institute of Electrical Engineers is 
sponsoring a Symposium on the Science of 
Music and Its Reproduction by a group of 
experts who will present a series of lectures 
on modern thinking in this field. 
The lectures, which began November 7, 

will be approximately one hour and a half in 
length followed by a period of discussion. 
The tuition fee for the complete Symposium 
is $3.50 for members of AIEE, ASME, 
ASCE, AIME, IRE, AMS, AES, and AIP, 
and $5.00 for nonmembers. Single lectures 
are $1.00 for members of the forementioned 
societies and $1.25 for nonmembers. 
Applications should be directed to: J. J. 

Anderson, AIEE Headquarters, 33 West 39 
Street, New York 18, N. Y. Checks may be 
payable to: Basic Science Division New 
York Section, AIEE. 
The lectures are as follows: 

November 7 (1952)—"Recordings from the 
Nineteenth Century to the Present," a his-
tory and demonstration of recorded music 
old and new, E. T. Canby, record critic, 
Audio Engineering; P. Miller, music di-
rector, New York Public Library. 

December 11—"The Physics of Music and 
Hearing," W. E. Kock, Bell Telephone 
Labs. 

January (1953) —"Performance Criteria of 
Loudspeakers," F. H. Slaymaker, Strom-
berg-Carlson Co. 

February 20—"Some Notes on Modern 
Techniques of Recording and Reproduc-
ing," C. J. LeBel, Audio Devices Inc. 

March 12—"The Relation Between Fre-
quency Response and Transients in the 
Reproduction of Music," M. S. Corring-
ton, RCA. 

April 16—"Component Integration of Sound 
Systems," H. H. Scott, Hermon Hosmer 
Scott Inc. 

NUCLEAR PHYSICS CONFERENCE 
SLATED IN DECEMBER 
The National Science Foundation and 

the University of Rochester are sponsoring 
an international conference on High Energy 
Nuclear Physics, December 18-20, 1952, at 
Rochester, N. Y. 
The meeting will bring together about 70 

nuclear physicists of the United States, Can-
ada, and Mexico. Discussions will concern 
recent findings on high-energy particles 
and plans for future studies in this field. 
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IRE People   

Henry Ladner (A'31), president ti 
Ballantine Laboratories,  Inc., 
Boonton, N. J., died recently. He was 
51 years old. 
One of the first to be licensed an 

amateur radio operator, Mr. Ladnet 
started in the field of radio and elec 
tronics in 1916, as a radio telegraph 
operator. He graduated as an electri 
cal engineer in 1922 from Brooklyn 
Polytechnic Institute, and then was 
employed as a research engineer by 
the American Telephone and Tele-
graph Company. 
In 1935, Mr. Ladner graduated 

from the New York University Lau 
School and joined the legal staff of the 
National Broadcasting Company. In 
1940 he became the assistant to the 
administrative vice president of that 
department, and in 1949, he resigned 
from the company to open his own 
law offices in New York. He had been 
president of Ballantine Laboratoriet, 
since 1950. 

Arthur C. Omberg (M'43-SM'43) has 
been appointed director of engineering and 
research for the radio division of Bendix 
Aviation Corporation. He has been assistant 
director of this division for two years. 
Mr. Omberg was born on November 4, 

1909, at Memphis, Tenn. He received the 
B.S. and M.A. degrees in 1932 and 1934, and 
the E.E. degree in 1935, from Vanderbilt 
University. 
From 1932-1942 Mr. Omberg was a 

transmitter supervisor for radio station 
WSM in Nashville, at the same time acting 
as consulting physicist for Vanderbilt Uni-
versity. In 1942-1944, he was the assistant 
director, Operational Research Group for 
the United States Army Signal Corps, and 
then became associated with the Bendix 
Radio Division as chief research engineer. 
Mr. Omberg is the author of several 

articles on aviation navigation equipment as 
well as technical papers on the maximum 
range of radar and earth-moon radio circuits. 

Harold S. Osborne (A' I4-M '29-SM '43-
F'45-L'52), formerly chief engineer of the 
American Telephone and Telegraph Com-
pany, has been elected president of the In-
ternational  Electrotechnical  Commission 
(IEC). The IEC held Council and technical 
committee meetings this fall in Schevenin-
gen, Netherlands, at which time Dr. Osborne 
was elected to his new post. 
Dr. Osborne is president of the United 

States IEC National Committee, an affiliate 
of the Electrical Standards Committee of 
the ASA. He has been active in ASA work 
for many years, serving as vice president of 
the Association from 1949-1951, and chair-
man of the ASA Standards Council from 
1942-1945. He is past president of the Amer-
ican Institute of Electrical Engineers and 

has been active- in the American Society for 
Engineering Education. Dr. Osborne holds 
directorship in several companies, including 
the Research Corporation, and recently re-
tired from the American Telephone and 
Telegraph Company after 42 years of con-
tinuous service. 
Dr. Osborne was born August 1, 1887, in 

Fayetteville, N. Y. He received the B.S. 
degree in 1908 and D.Eng in 1910, at the 
Massachusetts Institute of Technology. 

Leonard R. Kahn (S'46-A1'51) has opened 
an electronics and communications consult-
ing office in Freeport, L. I., N. Y. Previous 

to this Mr. Kahn was 
associated with the 
Crosby Laboratories 
in Mineola, N. Y., 
where he specialized 
in  communications 
studies. 
Mr.  Kahn  was 

born in New York 
City in 1926, and re-
ceived the B.E.E. de-
gree from the Poly-
technic Institute of 
Brooklyn in 1951. He 

attended Syracuse University under the 
Army Specialized Training Program from 
1943-1944, and served in the United States 
Army Signal Corps from 1944-1946. 
After working on various recording 

methods for the United Nations, Mr. Kahn 
joined RCA and worked with receiving and 
transmitting communication systems. Dur-
ing this he was on part-time loan to the 
RCA Laboratories. 
Mr. Kahn has a number of inventions in 

the communications field including fre-
quency shift transmission systems, single-
sideband transmitters, and diversity re-
ceivers. He recently has been a contributor 
to the PROCEEDINGS and is serving on the 
IRE Subcommittee on Single-Sideband 
Transmitters. Mr. Kahn is a member of the 
American Institute of Electrical Engineers, 
Tau Beta Pi, and Eta Kappa Nu. 

L. R. KAHN 

Armand F. Knoblaugh (A'33-M'44) has 
been named associate professor of physics 
in the College of Liberal Arts of the Univer-
sity of Cincinnati. 
Dr. Knoblaugh is a native of Cincinnati 

and received the B.S. degree in chemical 
engineering in 1925, the M.A. degree in 
1927, and the Ph.D. Degree in physics in 
1929. 
From 1925-1932, Dr. Knoblaugh par-

ticipated in research work in acoustics 
and then joined the Baldwin Company as a 
research physicist. He carried out important 
developments in electroniCmusical instru-
ments, analysis of piano tones, acoustics and 
acoustic measurements.  Dr. Knoblaugh 
holds various patents in his field. 

Urner Liddel (S1'11'49) has joined the 
central office staff of Bendix Aviation Cor: 
poration in Detroit, Mich. He will be the 

director of product 
development and will 
be concerned with 
that company's ac-
tivities  in applied 
physics. 
Dr. Liddel was 

I orn Septendier 3, 
1905, in Butler, 
and received the It. 1. 
degree from Central 
College in 1926. Ile 
did graduate work at 
the  University of 

Chicago in chemistry and physics and re-
ceived the Ph.D. degree, in 1941, from 
George Washington University. 
Prior to World War 11, Dr. Liddel was 

associated with the Fixed-Nitrogen Research 
Laboratory of the Department of Agricul-
ture and later was in charge of optics and 
spectroscopy for the American Cyanamid 
Research Laboratories. In 1942 he entered 
the United States Navy where he became a 
commander and served with the Bureau of 
Ordnance, Bureau of Ships Service Forces 
Pacific Fleet, and the Office of Research and 
Inventions. 

Returning to civilian life, Dr. Liddel 
worked with the Office of Naval Research, 
where he was head of the physics and nuclear 
physics branches, and then director of the 
physical sciences division. Since 1952, he has 
been chief of the physics branch of the 
Atomic Energy Commission. 
Dr. Liddel has been active in the IRE 

Professional Group on Nuclear Science and 
served as a member of its Administrative 
Committee. He is a fellow of the American 
Physical Society and the New York Acad-
emy of Sciences, a member of the Optical 
Society  of America,  the  Philosophical 
Society of Washington, and Sigma Xi. 

URNER LIDDEL 

C. A. Maynard (SM'51) has been ap-
pointed Vice President of the Indiana Steel 
Products Company, Valparaiso, Ind. He has 
been the company's director of research and 
engineering. 
Mr. Maynard was born on May 4, 1901, 

in Missouri. lie studied electrical engineer-
ing at the University of Kansas from 1919-
1923, and received the B.A. degree from 
Taylor University in 1925. 
After working for a number of years in 

the sales and service of radios and ap-
pliances, Mr. Maynard joined the Indiana 
Steel Products Company. Starting as an 
engineer, he worked in the design and ap-
plications of permanent magnets to loud-
speakers, instruments, generators, and other 
adaptations. In 1939 he became the com-
pany's chief engineer, and in 1947, he re-
ceived his appointment as director of re-
search and engineering. 
Mr. Maynard is considered one of the 

country's leading authorities in the field of 
permanent magnets. 
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Musical Engineering by Harry F. Olson 

entamfied 00521 by McGraw-Hill illook Company. 
Inc.. 330 West 42 St., New York 36. N. Y. 357 pages 
+11-1xxiie index +ix Pages. 303 figures. 51 \co. $0.50. 

Harry F. Olson is the director of the acoustical 
laboratory. RCA Laboratories. Princeton. N. J. 

This interesting volume bridges the gap 
existing today I bet es evil the technidi)gy of 
audio and the technology of music; a task 
of sufficient magnitude to justify the title 
of the work. The book will give the acous-
ticians and musicologists a good foundation 
to understand and deal in  with the 
problems of each other. 
The first chapter which is concerned with 

the generation and propagation of sound 
waves begins u ith elementary concepts by 
progressive steps and excellent illustrations. 
The reader is led to visualize the generation 
and propagation of sound, refraction, dif-
fraction, reflection, absorption, transmis-
sion, and standing waves. 
A review of musical notation is pre-

sented in the second chapter. Such defini-
tions as the staff, the clef, sharp and flat, 
rest, dot, rhythm, meters, key, and loudness 
notation are explained. The third chapter 
deals with musical scales and chords. 
Chapter 4 discusses resoilators and ra-

diators,  electro-acousto-mechanical anal-
ogies, resonance of strings, bars, membranes 
and plates, vibration of air in pipes, acousti-
cal behavior of horns, pistons, pipes, direc-
tional characteristics of sound sources. 
Following is a brief description of each 

of a great variety of musical instruments 
from the automobile horn to the zither with 
comprehensive definitions. This chapter is 
followed by a section on acoustical charac-
teristics, such as, frequency range, the 
timbre, and the acoustical spectrum of 
various musical instruments. Directional 
characteristics of musical instruments and 
human voice are discussed. 
The next chapter deals with the structure 

and properties of human hearing mecha-
nism, the psychological characteristics of 
music including pitch, loudness, timbre, 
duration, growth and decay, vibrato, beats, 
consonance and dissonance, volume, pres-
ence, measurement of musical aptitudes, 
hearing loss. 
The book then continues on to theatres, 

studio and room acoustics, sound-repro-
ducing system in the home, and the power 
requirements in sound systems. A descrip-
tion is made of broadcast studios, recording 
studios, vocal studios, sound-pickup ar-
rangement for orchestras, motion Pictures, 
and television. Specialized equipment is 
described including a means for synthetic 
reverberation, volume limiters, noise-meters. 
The final chapters treat sound reproduc-

ing systems. microphones, loudspeakers, am-
plifiers, disk recording and reproduction, 
sound motion pictures, television sound-
reproducing  systems,  magnetic  sound-
reproducing systems, and hearing aids. The 
effects of frequency discrimination upon the 
articulation of reproduced speech-frequency 
ranges of sound-reproducing systems, dis-
tortion upon quality, and the frequency-

. range preference for reproduced speech and 

nuisic are described. The book ends with 
indications regarding future trends in the 
development of music and instruments. 
While the extent of the field covered per-

mits only a brief treatment of each subject, 
the author has ably extracted the wheat 
from the chaff and has presented a compre-
hensive survey of the subject matter. The 
book should serve well the needs of students 
majoring in physics and acoustics and ad-
vanced students in musical colleges. It will 
be of great value to the sound director and 
to the musical director. This book will be a 
convenient reference text for everyone in-
terested in music and acoustics. 

B. II. BAUER 
Shure Brothers. Inc. 

Chicago. III. 

Correction 

The  review  of  "The Oxide-Coated 
Cathode," by G. Herrmann and S. Wagener, 
which appeared on page 880, of the July, 
1952 issue of the PRoCEEDINGS, stated that 
"pore conduction" was not mentioned in the 
book. The views and results of this subject 
are summarized in the chapter, "The Mech-
anism of the Emission from An Activated 
Ox;,le Coating in Equilibrium," of the text. 

Imperfections in Nearly Perfect Crystals, 
Symposium Edited by W. Shockley, J. A. 
Hollomon, R. Maurer, and F. Seitz 

Published (1652) by john Wiley and Sons. Inc.. 
440 Fourth Ave.. New 1. ork IS. N. V 475 pages + 
14. page irides +zai pages. 177 figures- SI XIll• 87.50. 

W. Shockley is a member of Bell Telephone Lab-
oratories. Inc.; J. H. Hollomon is • member of the 
t:eneral Electric Research Laboratories; and R. 
Mauler and F. Seitz are associated with the University 
of Illinois. 

In October, 1950, a symposium on im-
perfect crystals was held at Pocono Manor. 
Pennsylvania. The symposium was ar-
ranged by the above named editorial com-
mittee and sponsored by the National Re-
search Council. The important parts of the 
papers and discussions presented at Pocono 
Manor are summarized in 17 chapters. 
The book is divided into four sections 

and contains the following individual papers. 
Section I: On the Nature of Imperfections in 
Nearly Perfect Crystals. "Imperfections in 
Nearly Perfect Crystals, A Synthesis," by 
Frederick Seitz. "On the Geometry of Dis-
locations," by W. T. Read, Ir., and \V. 
Shockley. Section II: The Role of Imper-
fections in Deformation. "Imperfections 
from Transformation and Deformation," 
by C. S. Barrett. "Experimental Informa-
tion on Slip Lines," by \V. T. Read, Jr. 
"X-Ray Diffraction Studies of Cold Work 
in Metals," by B. E. Warren and B. L. 
Averbach. "Mechanical Strength and Creep 
in Metals," by N. F. Mott. "The Influence 
of Dislocations and Impurities on the Damp-
ing and the Elastic Constants of Metal 
Single Crystals," by J S. Koehler Section 
HI: Diffusion and Related Phenomena. 
"Relaxation Effects in Ionic Crystals," by 
R. G. Breckenridge. "Studies of Alkali 
Halides by Photoelectric Methods,' by L. 
Apker and E. Taft. "Diffusion in Alloys and 
the Kirkendall Effect," by J. Bardeen and 
C. Herring. "Theory of Diffusion," by 

Clarence Zener. Section IV: On the Proper-
ties and Effects of External and Internal 
Surfaces of Crystals. "Surface and Inter-
facial Tensions of Single-Phase Solids," by 
J. C. Fisher and C. G. Dunn. "Dislocation 
Models of Grain Boundaries," by W. T. 
Read, Jr., and \V. Shockley. "Interphase 
Interfaces," by Cyril Stanley Smith. "Sub-
structures in Crystals," by A. Guinier. "The 
Properties and Effects of Grain Boundaries," 
by Bruce Chalmers. "Movement and Dif-
fusion l'henomena in Grain Boundaries," 
by R. Smoluchowski. 
Seitz's paper is concerned with basic 

concepts. It is pointed out that there are six 
primary types of crystal imperfections, 
namely, phonons, electrons and holes, ex-
citons, vacant lattice sites and interstitial 
atoms, foreign atoms in either interstitial or 
substitutional position, and dislocations. 
The remaining papers discuss imperfect 

crystals from both experimental and theo-
retical viewpoints, with an emphasis upon 
the dislocations and mechanical properties. 
Only a small amount of space is devoted to 
imperfections and their effect upon electrical 
properties of crystals. 
Although the book is planned for spe-

cialists in physical metallurgy and solid 
state physics, the contributors are among 
the outstanding leaders in their fields and 
present a clear picture of the status of this 
subject. 
The work of compiling and editing the 

manuscripts has been an important and 
worthwhile task; the result of which is a 
valuable contribution to physics and phys-
ical metallurgy. 

EDWARD N. CLARKE 
Sylvania Electric Products Inc 

Bayside. N. Y. 

Electronics for Communications Engineers 
by John Markus and Vin Zeluff 

Published (1952) by McGraw-Hill Book Company. 
Inc.. 330 West 42 St.. New York 36, N. V. 601 pages 
+8-page index +zi pages. Illustrated throughout 
with nomograms. equations. figures. charts. tables. 
101 Xtri. $10.00. 
John Markus and Yin Zeluff are associate editors 

of Eltarosics. McGraw-Hill Book Company, Inc.. 
New York. N. Y. 

This book brings to engineers, in an easy-
to-use form, the important radio communi-
cation, radio broadcasting, television, and 
radar design articles that have appeared in 
Electronics during the past five years. The 
book is a sequel to "Electronics for Engi-
neers" and "Electronics Manual for Engi-
neers." The material has been carefully se-
lected and condensed by the authors for 
maximum reference value. A design engi-
neer can quickly check the prior art by scan-
ning the table of contents and save himself 
many hours of searching through technical 
literature. Each chapter contains a list of 
further references. 
The book should be well received, par-

ticularly by new members to the engineering 
fraternity who wish to cover a lot of ground 
in a short period of time. It might well be 
described as a 'Readers Digest" of the radar 
and communications field. 

J. EILNEST SMITH 
Raytheon Mfg. Co. 

Newton, Mass. 
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Antennas: Theory and Practice by Sergei A. 
Schelkunoff and Harald T. Friis 

Published (1952) by John Wiley & Sons. Inc., 440 
Fourth Avenue. New 'York 16, N. Y. 593 pages +31-
page index +I5-page appendix +rail pages. .344 figures. 
St X9. 110.00. 

Sergel A. Schelkunoff and Harald T. Fills are staff 
members of the Bell Telephone Laboratories, Inc.. Murray Hill. N. J. 

Here is a complete text on antenna the-
ory and the practical implications of its 
theory. The book is designed for under-
graduate and graduate college students, for 
radio engineers, and for applied mathemati-
cians and physicists. Advanced material 
has been reserved for the companion volume, 
"Advanced Antenna Theory," by S. A. 
Schelkunoff, and the mathematical tech-
niques of the present volume are limited to 
those of the calculus. 
The book might be classed as a text of 

intermediate level although unlike many 
such books, it is not a simple survey text. 
The authors inform us that their concern is 
with understanding of the principles of radi-
ation in which careful study and thought are 
required for this process. The authors have 
shown a great deal of ingenuity in providing 
derivations for all essentials with the mathe-
matical tools selected. Therefore, an ex-
tensive physical understanding is given a 
new student, and the antenna expert is of-
fered a new point of view. 
The book begins with a chapter survey-

ing the place of antennas in modern radio 
engineering, the basic field and wave con-
cepts needed in the understanding of an-
tennas, and some of the important prob-
lems. Maxwell's equations and several 
aspects of wave propagation are presented 
along with some introduction to waves over 
imperfect ground. Also included are chap-
ters on directive radiation, antenna current, 
and antenna impedance. The remainder of 
the book is then concerned with special 
topics such as arrays, small antennas, horns, 
slot antennas, reflectors, and lenses. 
Although the purpose of the book is not 

to introduce new material, the "sweeping 
off" process for analysis of dipole antennas 
is presented for the first time. The chapter 
on "antenna current" is the most complete 
and enlightening treatment of this subject 
known to the reviewer. The remaining mate. 
rial reflects the authors original contribu-
tions to the antenna theory and art of the 
past few years. The inclusion of many physi-
cal pictures and simple derivations aid in 
making this a genuinely original work. 
The book is complete, and the authors 

who are among the most important original 
contributors to this field have presented 
their material carefully and skillfully. This 
reviewer feels it is the definitive book on 
antennas theory at an intermediate level. 

JOHN R. WHINNERY 
Hughes Aircraft Company 

Culver City. Calif. 

Electronic Analog Computers by Granino 
A. Korn and Theresa M. Korn 
Published (1952) by McGraw-Hill Book Company, 

Inc...330 West 42 St.. New York 36. N. Y. 363 pages 
+6-page index-1-4-page appendix +4-page biblio-
graphy +icy pages. 213 figures. 6 X91. 17.00. 
Granino A. Korn is a staff engineer at Lockheed 

Aircraft Corporation, Burbank Calif. Theresa M. 
Korn is a graduate of electrical engineering. 

This new volume of analog computers 
and techniques is intended as a textbook in 
the field. The text has been kept relatively 
simple and is quite readable. 
For an adequate understanding of the 

material, a knowledge of elementary elec-
tronics and of mathematics up through ele-
mentary differential equations is required. 
A brief summary of the chapters follows. 
In chapter one, a general view is given 

of the field of dc analog computers plus the 
applications of these devices, the mathe-
matical relations involved, and some of the 
methods used. 
A following chapter covers the proce-

dures for setting up a dc analog computer to 
solve a set of equations. Scale factors, 
choice of time scales machine equations, and 
block diagrams are included. 
Applications of dc analog computers to 

industrial problems are given in chapter 
three. The performance of a dynamic vibra-
tion absorber, analysis and synthesis of a 
servomechanisms problem, a trajectory com-
putation, and the solution of aircraft flight 
equations are presented in some detail. 
The next section describes the design of 

networks used to perform addition, multipli-
cation by constants, differentiation, and 
integration, and chapter five covers the de-
sign of dc amplifiers and circuits used for 
analog computers. A discussion of stabiliza-
tion of high-gain feedback amplifiers and 
automatic drift balancing circuits includes 
numerous design examples. 
In the next chapter multiplication and 

division by variables and function genera-
tion are treated in detail. A number of pre-
viously unpublished systems are described. 
This is followed by a chapter on methods of 
inserting initial conditions, control circuits, 
power supplies, recording systems, and solu-
tion checking. 
Chapter eight is concerned with exam-

ples of dc analog computers manufactured 
by various organizations. 
To the reviewers knowledge, this is the 

first adequate discussion of scale factors, 
errors in computer elements, and initial 
conditions. In general, the text covers the 
entire field of electronic dc analog comput-
ers; mechanical systems are only briefly 
mentioned, and ac analog computers are not 
covered at all. Also, comparison with digital 
computers is very brief and sketchy. 
It is regrettable that ac and dc calculat-

ing boards and "parametric computers" are 
not discussed. The former have very real 
utility and might find even wider use if they 
were covered compactly in a text. The "para-
metric computer" which has been covered 
in IRE papers might have been discussed in 
the section on repetitive computers. 
While frequent references are given to 

the work of others, it is regrettable that very 
few page references are given. The two and 
one-fourth page appendix could very well 
have been included in chapter 4 without de-
stroying the continuity of the material. 

0. M. SALATI 
Moore School of Elec.. Eng. 

Philadelphia, Pa. 

Printed Circuit Techniques: An Adhesive 
Tape Resistor System, NBS Circular 530, 
by B. L. Davis 

Published (1952) by the Government Printing Of-
fice. Washington 25. D. C. 8.3 pages Including appen-

dices with 35 figures and one othatbelderds..i3Jonilallusitraoftpiounsb.. 
Paper 10 X71. Pa r bound $0 .30.  it 

lication cost for foreign  m.ailingw n 

B. L. Davis is a member of the electronic division 
of the National Bureau of Standards. 

This is a detailed report on one phase of. 
the Bureau's work on printed circuit tech-
niques; the development of adhesive tape 
resistors. Reports which have previously ap-
peared are Circular 468, a general survey of 
printed circuits, issued November, 1947; 
and, Miscellaneous Publication 192 cover-
ing later developments, issued November, 
1948. The program has been supported by 
the Navy Bureau of Aeronautics. 
Adhesive tape resistors were developed 

to give closer tolerances, greater power. 
handling capacity, and better aging charac-
teristics than have been obtained with re-
sistive paints applied to the base plate. 
The tape is made by coating an asbestos 

paper base with resistive fluid composed of 
carbon in one of several forms, silicone resin, 
and solvent. The partially polymerized resin 
adheres well to the printed circuit base plate 
so that no additional adheske is required 
and good electrical connection is assured. 
After application, all resistors in the as-
sembly are cured together for several hours 
at 300°C. Units 0.13 by 0.30 inch produced 
by this method will operate for 503 hours at 
one-fourth watt load in an ambient tempera-
ture of 200°C with less than six per cent 
change in resistance, and can be used at 
higher wattage ratings in lower ambients. 
For a 500-hour life, the rating is one watt 
at 30°C and one-half watt at 130°C. Much 
longer life is obtained at reduced ratings. 
This excellent performance is partly off-

set by the necessity for high-temperature 
curing, which restricts the base-plate mate-
rial to glass or ceramic. Fully satisfactory 
formulations for operation at 200°C, also, 
have not yet been developed for resistors 
less than 100 ohms or greater than about 0.5 
megohm in value. 
No estimate is given of the tolerance in 

resistance which can be obtained in practice. 
The resistance of the tape is made very uni-
form by spraying on the resistive fluid in a 
large number of layers, each being partially 
dried before the next is applied. Each piece 
of material is tested before slitting and the 
width varied by adjustment of the slitting 
machine to keep the resistance per unit 
length within five or ten per cent of the de-
sired value. Accuracy of the finished resistor 
depends also on accurate placing of the 
silver terminals on the base plate, particu-
larly since the length of the conducting path 
between them is only 0.30 inch. One would 
like to see statistics included on the dis-
tribution of resistance values obtained in the 
production of a reasonable quantity of re-
sistors of the same nominal value. 
With this exception the reporting of the 

work is full and complete. A large number of 
formulations were tested and full informa-
tion is given on the raw materials used and 
the commercial sources of supply. Produc-
tion and test equipment, also, are described 
in sufficient detail to enable others to make 
these resistors with a minimum of duplica-
tion of the NBS experimental work. 

W. N. TUTTLE 
General Radio Company 

Cambridge, Mass. 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.22-16:539.217.1  2962 
Velocity of Sound in Porous Media — 

H. Labhart. (Z. angew. Math. Phys., vol. 3, 
pp. 205-211; May 15, 1952.) Measurements 
show a very close relation between sound ve-
locity and pore volume in a Ni-Zn ferrite. A 
theoretical expression for the velocity in a 
porous medium is derived that gives a good fit 
with the experimental curve. 

534.2.31-13/-14  2963 
Second-Order Acoustic Fields: Relations 

between Density and Pressure —J. J. Mark-
ham. (Phys. Rev., vol. 86, pp. 719-711; June, 
1952.) A general relation is derived connecting 
pressure and density, taking account of the 
flow of the medium. A nonabsorbing ideal fluid 
is considered, and general thermodynamic prin-
ciples are applied. The results justify the neg-
lect of the flow terms which is usual in con-
sidering more complex media. 

534.231-13/-14  2964 
Second-Order Acoustic Fields: Energy Re-

lations—J. J. Markham. (Phys. Rev., vol. 86, 
pp. 712-714; June 1, 1952.) The expression for 
the energy stored in an acoustic field is exam-
ined. Two corrections to the usually accepted 
formula are found to be required; these are 
small for a liquid, but of major importance for a 
gas. Their physical significance is explained, 
using thermodynamic theory. 

534.232.003:534.321 .9 2965 
The Economical Generation of Ultrasonic 

Oscillations for Industrial Purposes by means 
of Electroacoustic Transducers—H. H. Rust. 
(Ekktrotech. Z., vol. 73, pp. 261-262; April 15, 
1952.) As an alternative to tube-driven ultra-
sonic generators, which are not considered 
economical, it is proposed to use a simple type 

The Annual Index to these Abstracts and References, covering those published 
in the PROC. I.R.E. from February, 1951, through January, 1952, may be obtained 
for 2s.8d. postage included from the Wireless Engineer, Dorset House, Stanford 
St., London S.E., England. This index includes a list of the journals abstracted 

together with the addresses of their publishers. 

of quenched-spark generator with either a 
magnetostriction or a capacitive type of oscil-
lator, a rectifier being used in the latter case to 
furnish a dc charging current. 

534.26  2966 
On the Diffraction of an Acoustic Pulse by 

a Wedge —J. W. Miles. (Proc. Roy. Soc. A, vol. 
212, pp. 543-547; May 22, 1952.) The pressure 
in the pulse is assumed to be a homogeneous 
function of 'At, where r is the distance from 
the edge, c the velocity of sound and the time. 
The scattered wave is determined by reducing 
the c:iginal wave equation to Laplace's equa-
tion with the aid of a Tschplygin transforma-
tion, and applying Poisson's formula to the 
sectoral domain cut out of the circle rSci by - 
the wedge. The result appears in a form simpler 
than that previously obtained by Sommerfeld. 

534.321.9-14:534.6  2967 
Ultrasonic  Measurement  Technique  in 

Fluids —J. Koppelmann. (Acustica, vol. 2, no. 
2, pp. 92-95; 1952. In German.) A description 
is given of a microphone for probing fields at 
frequencies above 100 kc. Oscillations are 
picked up on the exposed tip of a screened steel 
wire 20 cm long and transferred to a quartz 
crystal attached to the other end of the wire. 
The work of Hertz and Mende (1092 of 1940) 
on application of Langevin's formula for acous-
tic radiation pressure is extended. Operation of 
the ultrasonic generator increases the density 
of the liquid in the ultrasonic beam. owing to 
the transport of liquid towards the axis. 

534.6  2968 
Design and Analysis of Subjective Acous-

tical Experiments which Involve a Quantal 
Response —D. L. Richards. (Acustica, vol. 2, 
no. 2, pp. 83-91; 1952.) Certain statistical 
methods that have been found useful in bio-
logical investigations are shown to be well 
adapted to subjective acoustic measurements. 
Examples are given of their use in analysis of 
the quality of telephony circuits. 

534.6  2969 
Modern Methods for Noise Measurement. 

Use of the Octave-Band Analyser —(Radio. 
Tech. Dig., &In franc., vol. 6, nos. 2 and 3, 
pp. 109-117 and 135-138; 1952.) Survey of 
methods and apparatus for acoustic measure-
ments with 25 references. 

534.76  2970 
The Stereophonic Reproduction of Speech 

and Music —J. Moir and J. A. Leslie. (Jour. 
Brit. IRE, vol. 12, pp. 360-366; June, 1952.) 
The fundamentals of stereophony are dis-
cussed; previously proposed methods for ob-
taining true or pseudo stereophonic effects are 
described, and various theories of stereophonic 
perception are compared. Tests have been made 
to determine the influence on stereophonic 

auditon of acoustical conditions in existing 
theaters; the loudness difference between the 
two ears makes no significant contribution to 
the accuracy of source location. 

534.78  2971 
The Analysis and Automatic Recognition of 

Speech Sounds —C. P. Smith. (Electronic Eng., 
vol. 24, pp. 368-372; August, 1952.) 

534.84  2972 
Radiation Problems in the Acoustics of 

Buildings —J. Brillouin. (Acustica, vol. 2, no. 
2, pp. 65-76; 1952. In French.) Both theory and 
experiment show that the amount of external 
energy radiated into a room cannot be deduced 
from the mean amplitude of vibration of the 
walls. Flexural waves in a partition do not 
radiate unless their velocity is greater than 
that of sound in air; the radiation index of a 
partition can thus be widely different for 
forced and for free vibrations. A tentative 
theory of the suspended ceiling is presented and 
some observations are explained. Transient 
phenomena may exhibit effects not found in 
the steady state; some relevant experiments are 
discussed. 

534.843  2973 
The Correlation Coefficient as a Criterion 

of the Acoustic Quality of a Closed Room — 
S. G. Gershman. (Zh. Tekh. Fir., vol. 21, pp. 
1492-1496; December, 1951.) The correlation 
coefficient for the oscillations at two points of 
the field gives a much fuller indication of the 
acoustic properties of a closed room than the 
reverberation time. The theory of the coef-
ficient is discussed and measurements of it are 
described. 

534.843  2974 
Notes on Geometrical Room Acoustics — 

E. Meyer and W. Kuhl. (Acustica, vol. 2, pp. 
77-83; 1952. In German.) Discussion of the 
effects of reflected sounds reaching a listener 
shortly after the sounds transmitted directly. 
If the delay due to the first reflections is 
<50 ms, reinforcement occurs. Formulas are 
given relating this effect to the energy density 
in the diffuse sound field. Practical applications 
of multiple reflectors to increase speech intel-
ligibility in the rebuilt opera house, Hamburg, 
the large hall in the students' hostel, Bonn, 
and the theater, Hanover, are described. 

534.843  2975 
Standing- Wave Patterns in Studio Acous-

tics—C. G. Mayo. (Acustica, vol. 2, no. 2, pp. 
49-64; 1952.) An approximate analysis is made 
of the sound field in a rectangular room excited 
by a spherical source. Two different kinds of 
characteristic frequencies are observed, one 
of which is the set of eigentones. A general pic-
ture is obtained of the relative importance of 
the various modes. High-frequency eigentones 
are relatively unimportant. 
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534.851 +681.85  2976 
Microgroove Recording and Reproduction 

—E. D. Parchment. (Jour. 13,11. IRE, vol. 12, 
pp. 271-276; May, 1952.) A survey of basic 
problems, under the headings (a) mechanical 
considerations, (b) recording characteristics, 
(c) cutting problems, (d) tracing distortion, (e) 
pickups. 

621.395.61:546.431.824  2977 
Producing Barium-Titanate Transducers — 

J. M. C. (Electronics, vol. 25, pp. 162-174; 
August, 1952.) Processes described include the 
production of the BaTiO2 cylinders from the 
raw powder, forming to produce the required 
piezoelectric properties, and calibration of the 
transducers. 

621.396.615.029.3:621.385.5 2978 
Simultaneous Generation of Several Audio-

Frequency Oscillations by means of Electron 
Coupling in a Multi-Electrode Valve —Spengler 
and Rust. (See 3044.) 

621.395.623.7  2979 
The Loudspeaker with Phase Reversal— 

H. Gemperle. (Elektrotech. Z., vol. 73, pp. 339-
342; vol. 73.) Theory of the action of loud-
speakers with phase reversal is based on the 
equivalent circuit for the mechanical system. 
The theory is applied to the design of the 
resonator for a concert loudspeaker with a 
natural frequency of 38 cps and diaphragm 
diameter of 35 cm, in order to obtain a two-
to three-fold enhancement of the low frequen-
cies over a bandwidth of at least 30 cps. 

621.395.625.3 2980 
Magnetic Print-Through. Its Measurement 

and Reduction—L. J. Wiggin. (Jour. Soc. 
Mot. Pic. Telev. Eng., vol. 58, 1)1). 410-414; 
May, 1952.) A simple dynamic method of 
measurement is described. Application of an 
ultrasonic erasing bias during playback reduces 
the effect below the audibility limit. 

621.395.625.3 2981 
Some Aspects of Magnetic Recording -

0. K. Kolb. (Jour. Brit. IRE, vol. 12, pp. 307-
316; May, 1952.) The history of the develop-
ment of sound recording by magnetizing wire 
or tape is reviewed, and a description is given 
of modern sound-film equipment using the 
process. Various explanations of the improve-
ment produced by hf biasing are discussed. 
Comparison is made between signal-erasing 
methods using mains-frequency and hf cur-
rents, and the effect of erasing at reduced film 
speed is investigated. 

621.395.625.3:168.2  2982 
Classification of Magnetic-Recording Tapes 

—F. Grammelsdorff and W. Guckenburg. 
(Funk u. Ton., vol. 6, pp. 247-257 and 311-
323; May and June, 1952.) Detailed discussion 
of a proposed classification based on a charac-
teristic parameter of the tape material. 

621.395.92 2983 
Trends in Hearing-Aid Design and Tech-

nique— R. F. Burton. (Proc. IRE (Australia), 
vol. 13, pp. 253-262; June, 1952.) Various 
types of hearing defect are discussed and recent 
progress in the design of hearing aids is re-
viewed. 

ANTENNAS AND TRANSMISSION 
LINES 

621.315.2:621.397.5  2984 
An Improved Television Camera Cable 

System—(Engineer (London), vol.  193, p. 
p. 699; May 23, 1952.) A brief description of the 
°Polyp°le III" coupler, which is smaller and 
lighter than earlier types. Up to 36 circuits are 
provided for. The over-all diameter is 0.82 inch; 
unit lengths can be combined as required. 

621.315.212  2985 
Calculation of the Transmission Character-

istics of Rotationally Symmetrical Connecting 
Units for Coaxial Cables from the Properties 
of Plane Electrostatic Fields —II. II. Meinke 
and A. Scheuber. (Arch. elekt. 0 bertragung, 
vol. 6, pp. 221-227; June, 1952.) Analysis 
shows that every rotationally symmetrical unit 
has an analogous plane representation which 
has nearly the same transmission characteris-
tics and admits of relatively simple calculation. 
This principle is applied to the design of a 
reflection-free junction for coaxial cables with 
both inner and outer conductors of different 
diameters. See also 2429 of October. 

621.315.212:621.317.34  2986 
Measurement of the Attenuation and Char-

acteristic Impedance of Transmission Lines. 
Tests on Coaxial Cables—Hontoy. (See 31(,9.) 

621.392.017.13:621.3.011.2  2987 
The Radiation Resistance of Resonant 

Transmission Lines —R. A. Chipman, E. F. 
Carr, N. A. Hoy and M. Vurko. (Jour. App!. 
Phys., vol. 23, pp. 613-620; June, 1952.) 
Measurements of input admittance as a func-
tion of line length were made on a line com-
prising parallel vertical silver rods above a 
metal ground plane, over the frequency range 
300-1400 mc; the experimental procedure is 
described. The radiation resistance is obtained 
as the difference between the resistance values 
found for the same resonant section unshielded 
and shielded; it is independent of line length 
and top termination, and its value is approxi-
mately 120 14 ( 0) ,, where d is the separation 
of the rods. 

621.392+621.315.21 4018.44  2988 
Experimental Verification of the Theory of 

Laminated Conductors—H. S. Black, C. 0. 
Mallinckrodt and S. P. Morgan, Jr. (Paoc. 
1.R.E., vol. 40, pp. 902-905; August, 1952.) 
To test Clogston's theory (2908 of 1951), an 
expetimental coaxial line was constructed with 
a laminated inner conductor. The phase ve-
locity of the transmitted wave was varied by 
introducing TiO2 cylinders or disks into the 
interconductor space. Critical dependence of 
attenuation on phase velocity was observed. 
At the optimum setting the attenuation, 
though greater than predicted by theory, was 
less than that of the corresponding conven-
tional coaxial line. 

621.392.2  2989 

Steady-State Waves on  Transmission 
Lines—D. L. Waidelich. (Trans. Amer. I EE, 
vol. 69, part II, pp. 1521-1524; 1950.) Various 
methods of determining the steady-state re-
sponse of transmission lines to nonsinusoidal 
voltage inputs are considered. Experimental 
results are in good agreement with theory. 

621.392.2:621.396.611.39  2990 
Superdirectivity with Directional-Coupler 

Arrays—H. J. Riblet. (Paoc. I.R.E., vol. 40, 
pp, 994-995; August, 1952.) Discussion on 562, 
2099 and 2909 of 1951 (Bolinder). 

621.392.26 2991 
Symmetrically Placed Inductive Posts in 

Rectangular Waveguide —H. Gruenberg. (Go-
nad. Jour. Phys., vol. 30, pp. 211-217; May, 
1952.) An expression is derived for the suscept-
ance of two symmetrically placed posts in a 
rectangular waveguide. Curves are drawn that 
are valid for all rectangular guides in their 
normal operating range, for different post di-
ameters and offsets from the guide walls. 
Satisfactory agreement was obtained between 
calculated values and measurements at wave-
lengths of 10.7, 4.74 and 3.2 cm. 

621.392.26 2992 
Dominant- Wave Transmission Character-

istics of a Multimode Round Waveguide — 
A. P. King. (Pitoc. I.R.E., vol. 40, pp. 966-
969; August, 1952.) In the 4-kmc frequency 
band transmission losses are lower with over-
size round waveguide than with rectangular 

waveguide. Mode conversion effects in t 
round guide have been examined experl 1, 
mentally and found to be small; hence cro 
Polarized dominant modes can be used to pr 
vide two reasonably independent channels a 
the same frequency in the same guide. Experi-
mental results are given for a straight guide of 
internal diameter 2.812 inches and length 150 
feet; the effect of bending the guide is indicated. 

621.392.26  

Field Expandability in Normal Modes for a 
Multi-layered Rectangular or Circular Wave-
guide —J. van Bladel. (Jour. Frank. Inst., 
vol. 253, pp. 313-321; April, 1952.) Proof 
given that the field can be expressed as a linear 
sum of normal modes, and a method of deter-
mining the field excited by a given current dis-
tribution in a inultilayered waveguide is ex-
plained. 

621.392.26:621.315.611  2994 
Dielectric Image Line— D. D. King. (Jour. 

App!. Phys., vol. 23, pp. 699-700; June, 1952.) 
A modification of the dialectric-rod waveguide 
investigated by Chandler (1079 of 1950) and 
Elsasser (1080 of 1950) is discussed; it consists 
of a rod with half-round section lying on a 
conducting image plane. The influence of rod 
diameter on the field is indicated. Values deter-
mined by experiment and by calculation are 
given for the attenuation of a polystyrene line 
of diameter 0.42 cm on an image plane of 
width 20 cm, for use at 1.23-cm wavelength. 

621.396.67 2995 
Radiation Characteristics of Helical An-

tennas of Few Turns -0. C. Haycock and 
J. S. Ajioka. (Paoc. I.R.E., vol. 40, pp. 989-
991; August, 1952.) Square helices suitable for 
ionosphere measurements at 3-8 mc are con-
sidered. An investigation is made of the re-
sistance loading required to obtain circularly 
polarized axial radiation from a single-turn 
antenna. 

621.396.67 2996 
Radiation Characteristics of a Turnstile 

Antenna Shielded by a Section of a Metallic 
Tube Closed at One End—A. Bailos, Jr., 
D. S. Saxon and L. L. Bailin. (Jour. App!. 
Phys., vol. 23, pp. 688-696; June, 1952.) The 
system examined comprises a pair of crossed 
wires arranged transversely within a circular 
waveguide, the two wires being excited by 
voltages with a 90° phase difference. The wave-
guide is first considered to be infinitely long, 
and the conditions are determined under which 
only the dominant (TEii) mode is important. 
The case is then considered of the semi-in-
finite waveguide, excited in the TEii mode, 
radiating into free space. Using a solution found 
by Levine and Schwinger (1845 of 1948 and an 
unpublished paper), values of reflection co-
efficient and gain function were calculated at 
the N.B.S. Institution for Numerical Analysis. 
These results are compared with values found 
experimentally and by the Kirchhoff method. 

621.396.67 2997 
The Radiation Resistance of a Dipole near 

an Ellipsoid of Revolution with Good Con-
ductivity —R. G. Mirimanov. (Comm. Rend% 
Acad. Sci. (U.R.S.S.), vol. 80, pp. 189-192; 
September 11, 1951. In Russian.) A formula 
(29) is derived expressing the radiated power 
of a dipole arranged along the axis of revolution 
of the ellipsoid. The case where the dipole is 
arranged perpendicular to the axis can be 
treated in a similar manner. 

621 .396.67:621.396.933.1  2998 
Cage-Type Very-High Frequency Phase-

Comparison  Omnidirectional Radio Range 
Antenna—Lundberg and Bucher. (See 3097.) 

62 1.396.67.011.21  2999 
Self and Mutual Impedances of Parallel 

Identical Antennas —R. King. (Paoc. I.R.E., 

A 
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vol. 40, pp. 981-988; August, 1952.) A method 
is presented in which the impedance of an 
isolated antenna is determined with second-
order accuracy while the mutual impedance 
due to the coupled antenna is determined with 
first-order accuracy. The values obtained are 
shown in numerous curves. 

621.396.67.012.71  3000 
Universal Method of Calculating the Radia-

tion Distribution of Electric and Magnetic 
Dipoles, as well as Slot and Reflector Aerials, 
by means of Kirchhoff's Formula —H. Klein-
%yachter. (Arch. elekt. Ubertragung, vol. 6, pp. 
247-253; June, 1952.) Many different methods 
have hitherto been used for determining the 
radiation characteristics of different types of 
antenna. It is here shown that Kirchhoff's 
formula is applicable in general; its use for the 
different types of antenna mentioned is out-
lined and suitable formulas are derived. 

621.396.67.029.63  3001 
Some Types of Omnidirectional High-Gain 

Antennas for Use at Ultra-High Frequencies — 
J. Epstein, D. W. Peterson and 0. M. Wood-
ward, Jr. (RCA Rev., vol. 13, pp. 137-162; 
June, 1952.) A description is given of the con-
struction and operation of the following three 
uhf transmitting antennas for operation in the 
frequency band 500-900 mc: (a) a cylindrical 
multi-slot antenna, (b) an inverted turnstile 
antenna, (c) a disk-loop antenna. The ele-
ments of (a) and (b) are fed in quadrature and 
those of (c) in phase. The primary disadvan-
tages of all three systems are their frequency 
sensitivity and the multiplicity of feed points. 
The use of quadrature feed facilitates the 
matching of input transmission lines, the main-
tenance of equal division of power in the radi-
ating elements, and the diplexing of two signals 
into a common antenna. 

621.396.677  3002 
A Method for Calculating the Current Dis-

tribution of Tschebyscheff Arrays —D. Bar-
biere. (Pitoc. I.R.E., vol. 40, p. 991; August, 
1952.) Corrections to paper noted in 1211 of 
June. 

621.396.677  3003 
Relay Aerials for the Decimetre Wave-

band— G. Voigt. ( Nachr Tech., vol. 2, pp. 108-
112; April, 1952.) An estimate is made of the 
efficiency of a pair of directive dm-wave an-
tennas used at a relay station, and possible 
substitutes consisting of refracting prisms are 
described. One of these consists essentially of 
an assemblage of square-section waveguides 
whose lengths change gradually from the base 
to the vertex of the prism. The other prism is 
of the Venetian-blind type producing double 
reflections of the incident wave. Theory of the 
action of such prisms is given and design 
parameters are determined for prescribed devi-
ation of an em wave. A model prism of height 
3 m and width 2 m, designed for wavelengths 
of 20-25 m, gave results in good agreement 
with  theory.  Application  possibilities are 
briefly discussed. 

621.396.677  3004 
Lattice Lenses for Centimetre Waves— 

i J.  Moussiegt.  (Compt.  Rend. Acad.  So. 
(Paris), vol. 234, pp. 2178-2179; May 26, 
1952.) Discussion of the principles of lenses 
based on diffraction by metal particles ar-

• ranged at the nodes of a lattice such that the 
divergent waves issuing from a point source are 
rendered parallel. For this to be possible, the 
nodes must be located on paraboloids of revo-
lution having the direction of the diffracted 

t beam as common axis, the nodes being on the 
I intersections of these paraboloids with a set of 
t equidistant planes normal to the axis. The 
total number of diffracting particles required 

i is much Its. than the number used in a lens of 
1, the artificial-dielectric type. Resonant h/2 di-

poles consisting of narrow thin metal strips 
may be used instead of metal particles, the 
strips being parallel to one another and lying 
in the nodal planes, thus fixing the polarization 
of the emergent wave. 

621.396.677  3005 
General Theory of Electromagnetic Horns 

—A. F. Stevenson. (Jour. Appl. Phys., vol. 23, 
pp. 599-600; May, 1952.) Corrections to paper 
abstracted in 1841 of August. 

621.396.677.012  3006 
The Radiation Pattern of an Antenna over 

a Circular Ground Screen —J.  E. Storer. 
(Jour. Appi. Phys., vol. 23, pp. 588-593; 
May, 1952.) Using previously developed for-
mulas for the input impedance of an antenna 
over a finite ground screen, an expression is ob-
tained for the entire radiation pattern. Simple 
formulas are derived for the number of lobes, 
their angular position, and the angle within 
which they occur. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.0157  3007 
A Note on the Reproduction of Pulses— 

D. K. Cheng. (Paoc. I.R.E., vol. 40, pp.962-
965; August, 1952.) A discussion of the relative 
significance of rise time and percentage energy 
content of rectangular pulse. For a single pulse 
the value of rise time is different from that for 
a train of periodic pulses. 

621.3.015.7:621.317.755  3008 
A Single-Channel Pulse-Height Discrim-

inator of High Speed and Stability —G. T. 
Wright. (Jour. Sci. Instr., vol. 29, pp. 157-160; 
May, 1952.) Each pulse and its differential are 
applied to the z and y plates respectively of a 
cro whose screen is scanned in the x direction 
with a narrow optical slit and photomultiplier. 
The pulse-height distribution is displayed on a 
second cro. The equipment is free from zero 
drift, and from drift of channel width. 

621.3.015.7:621.387.4  3009 
A Fast Amplitude Discriminator and Scale-

of-Ten Counting Unit for Nuclear Work— 
F. H. Wells. (Jour. Sci. Instr., vol. 29, pp. 111-
115; April, 1952.) Description of an instru-
ment which can accept randomly spaced pulses 
at a rate of 106/second; the dead time after 
each recorded pulse is 0.25 ± 0.05 pa. The scal-
ing circuit uses the technique of step charging 
a capacitor by the discriminator output pulses. 
A new clamping circuit is used to eliminate the 
effects of capacitor charge leakage. 

621.3.015.7:621.387.422  3010 
Pulse-Amplitude Analyzers for Spectrome-

try —G. G. Kelley. (Nucleonics, vol. 10, pp. 
34-37; April, 1952.) The design of multichan-
nel analyzers for counting rates of 104+2+104 
per second is discussed. 

621.314.22.015.7  3011 
New Pulse Transformer gives Faster Re-

sponse —(Tech. Bull. Nat. Bur. Stand., vol. 
36, pp. 78-79; May, 1952.) The anode, grid and 
output windings of the transformer consist 
respectively of 13, 12, and 6 turns of 24-gauge 
enamelled Cu wire on a toroidal ferrite core of 
diameter <1 inch. The anode and grid wind-
ings are wound together to obtain very tight 
inductive coupling. Used in a conventional 
blocking-oscillator circuit with a 500-St load, 
the measured pulse width was <0.06 pa, the 
rise time from 0 to 90 v was <0.02 PS, output 
impedance about 100 ft, and peak pulse power 
about 20 w. 

621.314.3t  3012 
Predicting  Magnetic-Amplifier  Control 

Curves—H. Lehmann. (Elec. Eng. (N. Y.), 
vol. 71, p. 311; April, 1952.) Digest of paper 
to be published in Trans. Arne,. IRE, vol. 70, 
part II; 1952. 

621.314.3t  3013 
Response Time of Magnetic Amplifiers — 

E. L. Harder and W. F. Horton. (Trans. 
Amer. IEE, vol. 69, part II, pp. 1130-1138; 
1950. Discussion, pp. 1138-1141.) Theoretical 
and experimental information on response time 
is presented, the various factors involved are 
reviewed, and proposals are made for the treat-
ment of response time in definitions and stand-
ards. 

621.314.3t  3014 
A Mathematical Analysis of Parallel-Con-

nected Magnetic Amplifiers with Resistive 
Loads —L. A. Pipes. (Jour. Appi. Phys., vol. 
23, pp. 625-629; June, 1952.) 

621.314.31'  3015 
Series-Connected Saturable Reactor with 

Control Source of Comparatively High Im-
pedance —H. F. Storm. (Trans. Amer. IRE, 
vol. 69, part II, pp. 1299-1309; 1950.) The re-
sults of mathematical analysis are presented in 
normalized graphs which enable the effect of 
any circuit parameter to be readily deter-
mined. A numerical example illustrates the use 
of the graphs. 

621.314.3t  3016 
Determination of Steady-State Perform-

ance of Self-Saturating Magnetic Amplifiers — 
E. J. Smith. (Trans. Amer. IEE, vol. 69, part 
II, pp. 1309-1317; 1950.) Analysis for the 
half-wave circuit is extended to full-wave and 
doubler circuits. Effects of rectifier leakage and 
control-circuit impedance are computed for 
each type of circuit and transfer curves are de-
termined for practical conditions. Numerical 
results are given for amplifiers with orthonik 
and hypersil cores. 

621.314.634: 621.318.57  3017 
Miniature Rectifier Computing and Con-

trolling Circuits—An Wang. (Paoc. I.R.E., 
vol. 40, pp. 931-936; August, 1952.) Circuits 
are described incorporating Se-rect;fier ele-
ments and capable of operating at very high 
speed. Highly compact constructions have 
been developed. 

621.316.86:537.312.6  3018 
The Pressure Coefficient of Resistance of 

Thermistors —A. D. Misener and L. G. D. 
Thompson. (Caned. Jour. Tech., vol. 30, pp. 
89-94; April, 1952.) The pressure coefficient of 
resistance of one type of thermistor used for 
underground temperature measurements was 
determined experimentally at pressures up to 
2,000 lb/in' at temperatures of 0°, 25° and 
50°C. The coefficient appears to be independent 
of temperature, but decreases with increase of 
pressure. For temperature measurements to be 
accurate to within ± 0.1°C a pressure correc-
tion is necessary even under moderate pres-
sures. 

621.316.935.1  3019 
The Design of Reactors for Radio-Inter-

ference  Filters—L. I. Knudson.  (Trans. 
Amer. IRE, vol. 69, part II, pp. 1294-1298; 
1950.) Discussion of various useful types of 
inductor, with graphical presentation of data 
for available core materials. Composite cores 
are shown to be particularly useful in certain 
cases, both for toroids and straight inductors. 

621.319.4  3020 
Pyralene-Impregnated-Paper  Capacitors 

for Alternating Current.  Factors affecting 
Capacitance and Losses —J. Coquillion. (Rev. 
gin. Elect., vol. 61, pp. 205-213; May, 1952.) 
The discussion is confined to capacitors using 
kraft paper. Losses are greater at very low 
voltage than at nominal voltage, and their 
value is an indication of the ionic purity of the 
impregnant. At nominal voltage losses depend 
only on paper characteristics and on the per-
mittivity of the impregnant. 



1746 PROCEEDINGS OF THE I.R.E. December 

621.392  3021 
RC Coupling Networks—G. Bowers. (Ra-

dio ee Telev. News. Radio-Electronic Eng. 
Section, vol. 47, p. 32; June, 1952.) Nomogram 
for finding phase-shift and attenuation. 

621.392  3022 
An Optimization Theory for Time-Varying 

Linear Systems with Nonstationary Statistical 
Inputs—R. C. Booton, Jr. (Paoc. I.R.E., vol. 
40, pp. 977-981; August, 1952.) 

621.392  3023 
Circuits with Frequency-Dependent Re-

sistance  and  Frequency-Independent  Re-
actance —H. Fricke. (Funk u. Ton, vol. 6, pp. 
225-234; May, 1952.) By connecting between 
the voltage divider and the tube grid in a nor-
mal reactance circuit a device producing a grid-
voltage phase shift of ±.90°, the frequency-
dependence characteristics of the resistive and 
reactive components of the impedance are 
interchanged, so that between the reactance-
tube terminals a series arrangement of a fre-
quency-dependent resistance and a frequency-
independent reactance is obtained, whose 
magnitudes can be varied by altering the slope 
of the tube characteristic. The magnitudes and 
frequency dependence of the resistive and reac-
tive components are calculated for various 
possible arrangements, and the design of the 
phase shifter is considered, with discussion of 
the effects produced by departure of the phase 
shift from its nominal value. 

621.392  3024 
Network Synthesis by the Use of Potential 

Analogs —R. E. Scott. (Puoc. I.R.E., vol. 40, 
pp. 970-973; August, 1952.) 

621.392.4  3025 
Two-Terminal Networks Consisting of Re-

actively Connected Valves —F. Broch-Tonio-
lo. (Poste e Telecommunicazioni, vol. 20, pp. 
215-220; May, 1952.) The equivalent circuit 
is determined for a tube whose grid voltage is 
derived by means of a potential divider from 
the anode voltage. Operation as generator, re-
actance, or variable resistance is considered. 
Reactance-tube arrangements with high values 
of inductance and very low values of capaci-
tance are attainable. 

621.392.4  3026 
Equivalence for the Analysis of Circuits 

with Small Nonlinearities —W. J. Cunning-
ham. (Jour. Appt. Phys., vol. 23, pp. 653-
657; June, 1952.) When the amount of non-
linearity is not too large, the nonlinear ele-
ment can be replaced by a linear resistance 
together with voltage or current generators. 
The analysis can be applied to a highly non-
linear element if a suitable linear resistance is 
connected in parallel with it. Calculations for 
a type-1N34 crystal diode in parallel with a 
5041 resistor are reported. 

621.392.43.018.424 .3027 
Wide-Band Transformation at High Fre-

quencies—(Fernmeldetch. Z., vol. 5, pp. 252-
255; June, 1952.) The de%ign and performance 
of band-pass coupling circuits discussed previ-
ously (1613 of 1950), and developments of 
these, are reviewed. Curves show the relative 
error likely to occur in practice as a function 
of bandwidth for different circuit arrange-
ments giving transformation ratios of 2, 3 
and 4. 

621.392.5  3028 
A General Theory of Linear Signal-Trans-

mission Systems—L. A. Zadeh. (Jour. Frank. 
Inst., vol. 253, pp. 293-312; April, 1952.) Full 
treatment of the analytical method outlined 
in 1225 of June. Detailed discussions of various 
aspects of the theory and its practical applica-
tions are to be given in subsequent papers. 

621.392.5  3029 
A New Approach in the Design of Equalized 

Filters and Delay Lines —M. E. Levy. (Jour. 
Brit. IRE, vol. 12, pp. 317-320; May, 1952.) 
The phase characteristics of filter networks and 
delay lines can be equalized by bridging mu-
tual-inductance sections with capacitors. The 
corresponding nth-order equations are difficult 
to solve, but an approach which considers the 
transient response yields a simple solution. See 
also British Patent No. 614720 and Abstract 
1746 of 1948 (Espley). 

621.392.5  3030 
Quadripole Theory, a Fresh Approach — 

M. Skalicky. (Eleklrotech.  u. Maschinenb., 
vol. 69, pp. 239-242; May 15, 1952.) The net-
work equations of Wilberforce [see 1536 of 
1944 (Skalicky)j are developed for a quadri-
pole in a simple form involving only three 
parameters: (a) the voltage step-up ratio with 
output terminals on open circuit, (b) the input 
impedance with open-circuited output, (c) the 
output impedance with input terminals short-
circuited. A simple expression is derived for 
the current in any branch of a network fed 
with a single terminal voltage. 

621.392.5  3031 
Equivalent Circuits of the Nonreversible 

Quadripole—W. Klein. (Arch. elekl. Obertra-
gung, vol. 6, pp. 205-208; May, 1952. Correc-
tions, ibid., vol. 6, p. 351; August, 1952.) 
Schulz's network-matrix analysis (68 of Febru-
ary) is extended to obtain generalized theory 
for quadripoles violating the reciprocity rela-
tion. The equivalent circuit of the nonreversi-
ble quadripole is derived as a generalized L, 
T or H circuit by introducing a coupling ele-
ment termed a "dual converter" ("Dualilber-
setzern) comprising three ideal tubes and a 
complex impedance. This circuit element is 
also useful in designing transformers with 
complex transformation ratio. The admittance 
matrix of the quadripole can also be used for 
deriving an equivalent circuit. 

621.392.5:[621.396.645+621.317.733  3032 
Particular Applications of Single-T and 

Double-T  Networks —B. Lavag ni no. (Alta 
Frequenza. vol. 21, pp. 116-129; June, 1952.) 
Description of (a) a 3-stage RC-coupled ampli-
fier in which high selectivity is achieved by 
application of feedback through a T network 
either to input grids or cathodes, (b) a bridge 
of T-network type for the measurement of 
capacitance and losses at audio and ultrasonic 
frequencies, and suitable for tests on capacitors 
with a guard electrode. 

621.392.52  3033 
Design of Channel Filters using Quartz 

Crystals —N. Valentini. (Post e Telecommuni-
cazioni, vol. 20, pp. 221-228; May, 1952.) A 
new quick method of designing lattice filters 
is described in detail and illustrated with exam-
ples. 

621.392.52:534.113  3034 
Study of a Narrow-Band Electromechanical 

Filter —A. Marro. (Tech. Mitt. schweiz. Telegr, 
TelephVerw., vol. 30, pp. 41-50; February 1, 
1952. In French.) The type of filter considered 
consists of one or more units formed of parallel 
pairs of steel rods supported so as to be capable 
of lateral vibration, electromechanical trans-
formers being used at the ends for conversion 
from electrical to mechanical oscillations and 
vice versa. Theory is based on purely mechani-
cal considerations, and design formulas are 
derived which involve the dimensions and phys-
ical constants of the rods Comparison is made 
with equivalent electrical-network filters. The 
action of the transformers is explained and a 
description is given of a complete 3-unit filter 
using rods of Swedish steel, with details of the 
methods of adjustment of frequency and band-
width. Practical applications in carrier-fre-

quency telephony and frequency-shift teleg-
raphy are discussed briefly. 

621.392.52: 621.396.611.21  3035 
A Mode of Operation of a Simple Quartz 

Filter —J. Marique. (BF (Brussels), vol. 2, 
no. 2, pp. 29-33; 1952.) Analysis is presented 
for a simple bridge-type crystal filter in which 
the impedance constituting the median arm 
of the bridge is a very high resistance (R). 
This type of filter is often used in superhetero-
dyne receivers. The analysis shows that the 
selectivity of such a filter approaches that of 1 
the crystal itself, and that the gain can be 
greater than unity, which is not the case if R 
is small. 

621.392.52:621.396.67.029.63  3036 
Separating Networks for the Operation of 

Several Decimetre- Wave Radio Sets on One 
Aerial —G. Pusch. (Fernmeldetech. Z., vol. 5, 
PP. 262-268; June, 1952.) Tuned-cavity cou-
plings are described. Practical designs for both 
series- and parallel-connected networks for 
transmitter-transmitter  and transmitter-re-
ceiver operation are illustrated. These operate 
satisfactorily when the frequency separation is 
>7 mc. 

621.392.52.025.4  3037 
Synthesis of Polyphase RC Filters—G. B. 

Madella. (Alto Frequenza, vol. 21, pp. 130-136; 
June, 1952.) A method for the synthesis of 
polyphase filters with prescribed transfer char-
acteristics is described and applied to a practi-
cal example. A particular feature of polyphase 
filters is their ability to discriminate positive 
from negative frequencies. 

621.392.52.072.6 3038 
Alignment and Adjustment of Synchro-

nously Tuned Multiple-Resonant-Circuit Fil-
ters —M. Dishal. (Elec. Commun., vol. 29, 
pp. 154-164; June, 1952.) Reprint. See 627 of 
April. 

621.396.6 3039 
Nonlinear Elements and Applications in 

A.F. and R.F. Circuits —H. E. Hollmann. 
(Tek-Tech, vol. 11, pp. 46-47, 127 and 56-57, 
128; April and May, 1952; Proc. Nat. Elec-
tronics Conf. (Chicago), vol. 7, pp. 130-140; 
1951.) Discussion of the properties and appli-
tions of saturable reactors, ferroelectric capaci-
tors, and varistors, including the upolaristor." 
See also 2538 of October. 

621.396.611.1 + 534.01  3040 
[Oscillations in] Delayed-Action Systems — 

N. Minorsky. (Comp. Rend. Acad. Sci. (Paris), 
vol. 234, pp.  1945-1947; May 12, 1952.) 
Treatment of the differential equations for 
self-maintained oscillations in dynamic (me-
chanical or electrical) systems is simplified by 
use of what is termed a "stroboscopic" method, 
an account of wpich has previously been 
given (2591 of 1951). 

621.396.611.1  3041 
The Response of RLC Resonant Circuits 

to E.M.F. of Sawtooth Varying Frequency — 
J. Marique. (Paoc. I.R.E., vol. 40, pp. 945-
950; August, 1952.) Analysis previously given 
by Hok (671 of 1949) for the case of a singl 
frequency sweep is extended to the case where 
the frequency sweep is repeated as, e.g., in 
frequency analyzers. The response is com-
posed of two terms, one related to the instan-
taneous conditions and the other resulting 
from the preceding frequency sweeps. Response 
curves obtained by graphical integration are 
compared with curves computed by other 
authors. The influence of the limits of explora-
tion is discussed. 

621.396.611.4.017.21  3042 
Surface Losses in Electromagnetic Cavity 

Resonators —I. Paghis. (Canad. Jour. Phys., 
vol. .30, pp. 174-184; May, 1952.) The effective 



1952 Abstracts and References 1747 

skin resistance of brass was determined at 
microwave frequencies by means of Q meas-
urements. The results are in essential agree-
ment with theory, provided the surface treat-
ment is confined to polishing by hand. The 
effect of surface scratches was found to be 
-small compared with the effect of distortion 
of the crystal lattice due to surface working. 

621.396.615  3043 
The Frequency Spectrum of a Pulled 

Oscillator —T. J. Buchanan. (Pnoc. IR E., 
vol. 40, pp. 958-961; August, 1952.) Experi-
ments are described in which a signal from a 
Type-CV87 reflex klystron is injected into the 
circuit of the oscillator tube under test, the two 
generators being mounted at opposite ends of 
a waveguide. A loosely coupled probe feeds 
part of the output to a cro spectrometer, the 
effect of varying the klystron wavelength 
around the center value of 3.2 cm. being stud-
ied. The results are discussed on the basis of 
theory previously worked out by Adler (2522 
of 1946). 

621.396.615.029.3:621.385.5  3044 
Simultaneous Generation of Several Audio-

Frequency Oscillations by means of Electron 
Coupling in a Multi-electrode  Valve —W. 
Spengler and H. H. Rust. (Arch. elekt. Ober-
tragung, vol. 6, pp. 254-261; June, 1952.) A 
frequency multiplier is described which pro-
duces four frequencies simultaneously. The 
fundamental frequency is generated in a feed-
back circuit using grids 1 and 2 of a hexode, 
the higher frequencies being produced by shock 
excitation of oscillatory circuits connected to 
the other electrodes and tuned to required 
harmonics. Nearly sinusoidal oscillations can 
be obtained by use of loosely coupled filters 
to minimize modulation of the harmonics by 
the fundamental. Design of circuit components 
to obtain optimum results is discussed. 

621.396.615.12  3045 
A High-Frequency Generator with Uniform 

RC-Line as Feedback Element determining 
the Frequency —F. W. Gundlach. (Funk u. 
Eon, vol. 6, pp. 298-304; June, 1952.) Descrip-
tion, with full circuit details, of a generator 
with a continuous range of 0.1-1.5 mc. The 
output of .3 v into 200 SI, is constant to within 
10 per cent over the whole range. Frequency 
variation is effected by varying the capacitance 
of the RC-line, which is of simple mechanical 
construction. 

. 621.396.615.14:621.385.3  3046 
Ultra-High Frequency Triode Oscillators 

using a Series-Tuned Circuit —J. M. Pettit. 
Proc. IRE (Australia), vol. 13, pp. 132-135; 
May, 1952.) Reprint. See 2452 of 1950. 

621.396.615.141.2: 621.316.729  3047 
An Analysis of the Injection Locking of 

Magnetrons used in Amplitude-Modulated 
Transmitters —J. S. Donal, Jr., and K. K. N. 
Chang. RCA Rev., vol. 13, pp. 239-257; June, 
. 1952.) Analysis is presented for an anode-
modulation single-loop magnetron, with load 
matched to the transmission line and the syn-
chronizing current injected at a plane distant 
X/2 from the magnetron. The rf phase modula-

' tion during the AM cycle is calculated and the 
• power output required from the locking oscil-
lator is determined. For a particular magne-
tron, using a locking amplifier capable of a 

, power output of 10 per cent of the peak system 1 output, the expected rf phm is about ± 20° for 
an AM factor of 0.74. 

I 621.396.615.17.029.63  3048 
Tetrodes improve Harmonic Generation at 

1 V.H.F. and U.H.F. —D. H. Preist. (Tele-Tech. 
t vol. 11, pp. 60-61, 123; April, 1952.) Descrip-
1. tion of the performance of tetrodes such as 
: Type 4X150A and Type 4X150G with positive 

feedback, for frequency multiplication at high 
, power levels. 

621.396.619.13:621.392.5  3049 
Contribution to the Theory of Frequency-

Modulated Signals in Linear  Networks — 
L. Kosten. (Tijdschr. med. Radiogenoot., vol. 17, 
pp. 117-133; May, 1952.) By using the con-
cepts of negative resistance and inductance, 
any linear network can be transformed into 
one containing no capacitances, whose opera-
tion can then be expressed by first-order differ-
ential equations. Matrix theory is used in 
combination with this transformation to deter-
mine the output current of a linear quadripole 
fed with a frequency-modulated wave. The 
formula derived is a series differing from those 
of Carson and Fry (464 of 1938) and Stumpers 
(2221 of 1947) in that it is convergent and con-
tains finite differences rather than derivatives 
of the transadmittance. 

621.396.645  3050 
Effective Bandwidth of Video Amplifiers — 

F. J. Tischer. (Arch. elekt. (Jbertragung, vol. 6, 
pp. 241-246; June, 1952.) An expression for the 
effective bandwidth is derived directly from 
the complex amplification function for steady-
state oscillations, taking account of phase shift 
and phase errors. The effective bandwidths 
for theoretical standard amplifier functions 
give a good idea as to the bandwidth to be 
expected in practical amplifiers and what im-
provement can result from compensation of the 
phase errors. 

621.396.645.371  3051 
Negative Feedback — W. 0. Baldwin. (Proc. 

Radio Club Amer., vol. 29, pp. 3-11; 1952.) 
The use of negative feedback for amplifier 
gain stabilization, distortion reduction, and im-
provement of frequency response and phase - 
characteristics is considered, frequency and 
phase characteristics being especially dealt with, 
since if they are known the gain and distortion 
characteristics can be quickly calculated. A 
particular feature of the treatment is the use 
of curves showing the reciprocal of the gain 
plotted against frequency. This has the ad-
vantage of eliminating the addition and 
division of vectors necessary when gain/fre-
quency curves are used.. 

GENERAL PHYSICS 

530.162:519.21  3052 
A Generalization of the Classical Random-

Walk Problem, and a Simple Model of Brown-
ian Motion based thereon —G. Klein. (Proc. 
Roy. Soc. Edinb. A, vol. 63, part 3, pp. 268-
279; 1950/1951.) A precise mathematical model 
of Brownian motion is derived by introducing 
a "persistence" factor in analysis of the ran-
dom-walk problem. This is equivalent to the 
assumption of a discrete velocity distribution 
of three variates instead of the continuous 
probability distribution formerly assumed. 
General results concerning averages are ob-
tained and applied to special cases 01 conserva-
tive and dissipative systems. 

535.223  3053 
The Velocity of Light determined by the 

Band Spectrum Method —D. H. Rank, R. P. 
Ruth and K. L. Vander Sluis. (Phys. Rev., 
vol. 86, p. 799; June 1, 1952.) Preliminary 
account of a determination based on observa-
tions of the 103 and 004 bands of HCN ; the 
value of c obtained is 299776 ± 7 km. 

535.37+535.215  3054 
The Physics of Crystal Phosphors —F. 

Stockmann. (Naturwissenschaften, vol. 39, pp. 
226-233 and 246-254. May and June, 1952.) 
A comprehensive study with 63 references. 

535.376  3055 
Electroluminescence  observed  in  the 

Anodic Polishing of Zinc —M. Krieg and E. 
Lane. (Natursvissenschaften, vol. 39, p. 208; 
May, 1952.) 

535.42:538.56  3056 
On the Diffraction of an Electromagnetic 

Pulse by a Wedge—J. W. Miles (Proc. Roy. 
Soc. A, vol. 212, pp. 547-551; May 22, 1952.) 
The vector problem of the diffraction of a 
plane wave discontinuity with arbitrary polari-
zation and direction of propagation is reduced 
to a pair of two-dimensional scalar problems. 
The solution of one of these is identical with 
that previously obtained for the analogous 
acoustical problem (2966 above); the second 
problem is treated in a similar manner, using 
a Tschplygin transformation to reduce the 
boundary-value problem to one in potential 
theory, which is then solved by classical meth-
ods. 

535.421:538.566  3057 
Electromagnetic Reflection and Transmis-

sion by Gratings of Resistive Wires —E. A. 
Lewis and J. P. Casey, Jr. (Jour. Appt. Phys., 
vol. 23, pp. 605-608; June, 1952.) Honerjfiger's 
theory (1754 of 1949) is extended to take ac-
count of the finite conductivity of the wires. 
Formulas and charts are given to facilitate 
calculations, and a practical example is worked 
out. 

537.11:537.226  3058 
The Physical Mechanism of Charge in 

Solid  Dielectrics —H.  Bonifas. (Rev.  gin. 
Elect., vol. 61, pp. 223-231; May, 1952.) 

537.122  3059 
A New Classical Theory of Electrons: 

Part 2—P. A. M. Dirac. (Proc. Roy. Soc. A, 
vol. 212, pp. 330-339; May 1, 1952.) Analysis 
of the motion of a stream of electrons obeying 
Lorentz's equations of motion leads to a more 
general action principle than that of an earlier 
paper (1574 of July), two new field variables 
being introduced. The theory allows vorticity 
in the electron stream, while still involving e 
and m only in the ratio e/m. A Hamiltonian 
formulation of the equations is deduced. 

537.311.31 +537.312.62  3060 
The High-Frequency Resistance of Metals 

in the Normal and Superconducting State— 
C. J. Grebenkemper and J. P. Hagen. (Phys. 
Rev., vol. 86, pp. 673-679; June 1, 1952.) 
Measurements were made on Pb, In and Sn 
at frequencies of about 9 kmc and on Sn at 24 
kmc, using resonant-cavity techniques which 
are described. The influence of surface finish 
is investigated. Results for the metals in the 
normal state support the Reuter-Sondherimer 
theory of the anomalous skin effect; for the 
superconducting state the hf resistance varied 
with frequency according to a 3/2-power law 
rather than the theoretically predicted square 
law. 

537.311.001.11  3061 
Carrier Concentrations and Fermi Levels in 

Semiconductors —J.  S.  Blakemore.  (Elec. 
Commun., vol. 29, pp. 131-153; June, 1952.) 
Review of present-day semiconductor theory. 
23 references. 

537.312.6: 621.315.592  3062 
Tentative Explanation of the Law giving the 

Resistance of Thermistors as a Function of the 
Temperature —Y. Doucet and J. P. Guignard. 
(Corn pi Rend. Acad. Sci. (Paris), vol. 234, pp. 
1856-1858; May 5, 1952.) 

537.525:538.56  3063 
A Nonlinear Theory of Oscillations in an 

Electron Plasma —A. I. Akhiezer and G. Va. 
Lyubarskl. (Compt. Rend. Acad. Sci. (U.R.S.S.) 
vol. 80, pp. 193-195; September 11, 1951. In 
Russian.) 

537.525:621.396.822  3064 
Observations on Radio-Frequency Oscilla-

tions in Low-Pressure Electrical Discharges — 
N. R. Labrum and E. K. Bigg. (Proc. Phys. 
Soc. (London), vol. 65, pp. 356-368; May 1, 
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1952.) Random noise of high intensity was ob-
served at frequencies near 200 mc and also 
below 2 mc, in several types of discharge tube, 
and was found to be associated with a field 
reversal in the discharge. Coherent oscillations 
were also found at low radio frequencies, and 
these are apparently related to the striations of 
the positive column. 

537.525.001.11  3065 
The Initiation of Electrical Breakdown in 

Vacuum —L. Cranberg. (Jour. Appt. Phys., 
vol. 23, pp. 518-522; May, 1952.) The hypothe-
sis is suggested that initiation of high-voltage 
breakdown in vacuum is due to traversal of the 
high-voltage gap by a clump of loosely ad-
hering material. A summary of published 
results which support this conclusion is pre-
sented. 

537.525.5 • 3066 
The Theory of Gaseous Arcs: Part 1—The 

Fundamental Relations for the Positive Col-
umns —K. S. W. Champion. (Proc. Plays. Soc. 
(London), vol. 65, pp. 329-344; May 1, 1952.) 
Theory is developed for low-pressure arcs with 
high electron densities in which ionization by 
stages is important. By taking account of 
recombination, this theory can be applied to 
medium- and high-pressure arcs with high 
degree of ionization. The theory includes the 
effect of a longitudinal magnetic field. 

537.525.5  3067 
The Theory of Gaseous Arcs: Part 2—The 

Energy-Balance Equation for the Positive 
Columns —K. S. W. Champion. (Proc. Phys. 
Soc. (London), vol. 65, pp. 345-356; May 1, 
1952.) The energy-balance equation proposed 
by Suits is considered and modifications of his 
theory are suggested which result in better 
agreement between theory and experiment. 
Radiation losses are neglected, since in most 
cases measurement shows them to be small. 
Theory of the effect of a longitudinal magnetic 
field on a high-pressure arc predicts that the 
effect will tend to a limit with sufficiently 
strong fields. Part 1: 3066 above. 

537.525.5 : 621.385.132 3068 
Studies of Externally Heated Hot-Cathode 

Arcs: Part 2—The Anode-Glow Mode— W. M. 
Webster, E. 0. Johnson and L. Malter. (RCA 
Rev., vol. 13, pp. 163-182; June, 1952.) In 
this mode all ionization and excitation occur 
in a thin electron sheath close to the anode 
surface. Theory indicates that the electron 
current should vary as the fourth power of the 
difference between the applied potential and 
the ionization potential of the gas in the dis-
charge tube. Experiment confirms this. Evi-
dence is presented to show that the plasma 
density distribution is one in which the lowest 
diffusion mode predominates. Part 1: 959 of 
May. 

537.533.8  3069 
Theory of the Production of Secondary 

Electrons in Solids—A. J. Dekker and A. 
van der Ziel (Phys. Rev., vol. 86, pp. 775-760; 
June 1, 1952.) The problem is formulated on 
the assumption of a simple Coulomb interac-
tion between primary electrons and lattice 
electrons; the energy losses of the bombarding 
primaries are examined. The basic features of 
previously presented theories are discussed as 
approximations to the present formulation. The 
numbers of secondaries emitted according to 
Wooldridge's theory (147 of 1940) and Ba-
roody's theory (107 of February) are com-
pared, and the range of applicability of their 
approximations is discussed. 

537.58:538.221  3070 
Thermionic Emission from Ferromagnetic 

Materials—A. V. Sokolov and A. Z. Veksler. 
(Comp!. Rend. Acad. Sci. (U.R.S.S.), vol. 81, 
pp. 27-30; November 1, 1951. In Russian.) 
The anomalous variation with temperature of 

the thermionlc emission from ferromagnetic 
materials may be due to disappearance of spon-
taneous magnetization when passing through 
the Curie point. On this assumption, and using 
the model of the exchange interaction between 
the valence and inner electrons proposed by 
Vonsovski (2074 of 1947), a formula (15) is 
derived showing the temperature dependence 
of the saturation current and its deviation 
from the normal temperature dependence (16). 

538.122+537.212  3071 
The Two-Dimensional Magnetic or Electric 

Field inside a Semi-infinite Slot terminated 
by a Semicircular Cylinder- N. Davy and 
N. H. Langton. (Brit. Jour. A ppl. Phys., vol. 
3, pp. 156-158; May, 1952.) Exact calculations, 
wit h tables and graph of results. 

538.249  3072 
Theory of Magnetic Diffusion After-Effect 

----L. Wel. (Jour. Phys. Radium, vol. 13, pp. 
249-264; May, 1952.) 

621.3.011.4  3073 
Calculation of the Electrostatic Capacitance 

of a Conductor— W. Gross. (R.C. Acad. naz. 
Lincei, vol. 12, pp. 495-506; May, 1952.) 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENO MENA 

523.72 + 523.81: 621.396.822  .3074 
Radio  Astronomy —( E n gineer  (London), 

vol. 193, pp. 640-641; May 9, 1952. A brief 
survey including a note about the 265-foot 
steerable radio telescope planned to be installed 
at Lodrell Bank for Manchester University. 

523.72:621.396.822  3075 
Solar Radio-Noise —( Tech. Bull. Nat. Bur. 

Stand., vol. 36, pp. 65-67; May, 1952.) Radio-
astronomy methods were used for observation 
of the radio-noise bursts, which are considered 
to originate in the many high-velocity streams 
of ionized plasma in the corona, being the result 
of the direct conversion of the kinetic energy 
in the plasma to em energy. Some evidence 
indicates correlation of the noise bursts with 
sudden ionosphere disturbances, and they 
also tend to accompany, precede or follow 
flurries of solar activity. 

523.72:621.396.822.029.65  3076 
Detection of Millimeter Wave Solar Radi-

ation—W. M. Sinton. (Phys. Rev., vol. 86, 
p. 424; May 1, 1952.) Solar radiation over a 
band with an average wavelength of 1.4 mm 
was detected by allowing the sun to drift 
across the field of a mm-wave telescope, a 
Golay infrared detector being used at the 
focus of a modified 24-inch searchlight. Typical 
records are shown. 

523.78  3077 
Observations of the Solar Eclipse of 25th 

February 1952 in the Sudan —H. von Klilber. 
(Naturwissenschaften, vol. 39, pp. 199-206; 
May, 1952.) Illustrated account of the equip-
ment of different research groups and their 
program of observations. 

550.38"1952.04/.06" 3078 
Indices of Geomagnetic Activity of the 

Observatories Abinger, Esdalemuir and Ler-
wick, April to June 1952 —(Jour. A in WS. Terr. 
Phys., vol. 2, pp. 306-308; 1952.) 

551.510.535  3079 
A Search for Radio Echoes of Long Delay— 

K. G. Sudden and G. G. Yates. (Jour. Atmos. 
Terr. Plays., vol. 2, pp. 272-281; 1952.) An 
account of attempts to detect long-delay 
echoes of the of the type reported by Stpriner 
(1929 Abstracts, pp. 38, 565 and 623) and 
others. High-power transmitters operating on 
frequencies of approximately 13.5 and 20.7 
mc were used, but no long-delay echoes were 
observed. Possible explanations of this failure 
are suggested. 

551.510.535  3080 
A Method for studying Sporadic-E Clouds 

at a Distance—O. G. Villard, Jr., A. M. Peter-
son and L. A. Manning. (Puoc. I.R.E., 
40, pp. 992-994; August, 1952.) A Pulsed 
transmitter is used in conjunction with a ro-
tatable Yagi antenna to track moving clouds. 
of sporadic E by means of the back-scattered 
echoes, which are displayed on a plan position 
indicator. PPI photographs obtained at Stan-
ford University on 15th December 1951 ate 
shown together with the corresponding hf 
records. 

551.510.535  308 
The Graphical Representation of the Lone 

tude Effect in F3 Region—C. M. ltlinnia. 
(Jour. Atmos. Terr. Phys., vol. 2, pp. 261-
265; 1952.) Discussion leads to the conclusion 
that for commercial use the best solution of the 
problem would be a set of hourly charts each 
showing the/Fs distribution at a fixed universal 
time. 

551.510.535:551.557  3082 
A Radio-Astronomical Investigation o 

Winds in the Upper Atmosphere—A. hlaxwel 
and C. G. Little. (Nature (London), vol. 169, 
pp. 746-747; May 3, 1952.) Results of observa 
tions using three receivers at the corners of 
triangle (spacing about 4 km) indicate tha 
F-region irregularities have a steady transla-
tional movement, which is usually maintained 
in the same direction for many hours. During 
May-June and September-October 1951 the 
most favored direction was towards the west, 
the variation in direction during a 4-hour 
period being generally <25° and the average 
velocity about 350 km/hr. 

551.510.535:551.557  3083 
A Radio Echo Method for the Investigation 

of Atmcspheric Winds at Altitudes of 80 to 
100 km—J. S. Greenhow. (Jour. Atmos. Teri. 
Plays., vol. 2, pp. 282-291; 1952.) The vari-
ations of wind velocity with height between 
altitudes of 80 and 100 km can be determined 
from the fluctuations in amplitude and the 
changes in width of the recorded radio echoes 
from meteor trails. Results of observations 
are presented, with typical records, and dis-
cussed. 

551.510.535: 621.3.087.4 3084 
Study and Design of an Ionospheric Radar 

Sounder— M. Geffroy. (Radio franc., pp. 16-24; 
May, 1952.) Full circuit details are given of a 
vertical-incidence recorder with transmitter 
peak power of 2 kw, frequency range 5-10 
mc, pulse width 100 Ais and repetition frequency 
50/second. The control circuits are shown and 
the derivation of pulses of different waveform 
for cro calibration and transmitter switching 
is described stage by stage. The construction 
of a pulse transformer for anode modulation is 
illustrated. A coitiplete circuit diagram of the 
receiver is given. 

551.594.22 3085 
The Relation between Point Discharge 

Current and Field —J. A. Chalmers. (Jon,. 
Atmos. Ter,. Phys., vol. 2, pp. 292-300; 1952.) 

551.594.22 31186 
Point Discharge Currents—J. A. Chalmers. 

(Jour. Atmos. Terr. Phys., vol. 2, pp. 301-305; 
1952.) 

551.594.221  3087 
Lightning and Buildings. Statistical Study 

of Lightning Strokes occurring in Switzerland 
from 1925 to 1947.—(Bull. schweiz. elektro-
tech. Ver., vol. 43, pp. 428-432; May 17, 1952. 
In French.) 

551.594.221:001.891 3088 
Experimental  Lightning Research —H. • 

Norinder. Jour. Frank. Inst., vol. 253, pp. 
471-504; May, 1952.) Historical account of 
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10 methods of investigation  from  Franklin's 
1 time to the present•day. 51 references. 

LOCATION AND AIDS TO 
NAVIGATION 

i 621.396.9  3089 
-  Some Modern Developments in Radar 
,. Equipment for Shipboard Use —C. B. Broersma 
(Tijdschr. med. Radiogenoot., vol. 17, pp. 139-
145; May, 1952. Discussion, pp. 145-146.) 

• Postwar development of radar for merchant 
ships is reviewed. Current trends are toward 
greatest possible simplicity and toward the use 
of large cro screens. The relation between the 
desirable size of screen and the duration of the 
radar pulse is discussed. A description is given 
of a modern 38-tube equipment using a 16-inch 
tube and a magnetron producing 0.2-ps pulses 
with a peak power of 7 kw. The supply is ac 
at 2 kc. 

621.396.9:621.396.825 3090 
Echo and Noise in a Radar System sub-

jected to Deliberate Interference —U. Tiberio. 
(Alta Frequenza, vol. 21, pp. 137-151; June, 
1952.) When a radar system is jammed by 
transmissions from the target, the echo/noise 
ratio has a value dependent on the range. 
This dependence is analyzed for practical appli-
cations, mainly naval ones. Formulas are de-
rived for the maximum detection range possible 
for a given ratio of jammer to radar power. 

621.396.9.002.2  3091 
The Engineering of Radar Equipments 

designed for the R.A.F. —G. W. A. Dummer. 
(Electronic Eng., vol. 24, pp. 348-355; August, 
1952.) Discussion of factors affecting design, 
including sealing, pressurizing, heat dissipa-
tion, weight reduction, accessibility for serv-
icing, simplicity of controls, corrosion, pack-
aging, and transport risks. 

621.396.93 3092 
The Measurement of Angles by Direction-

Finding Technique —NV. NIesserschmidt. (Arch. 
tech. Messes, no. 195, pp. 73-80; April, 1952.) 
Discussion of the principles of various methods 
and review of applications in air, marine and 
ground radiolocation systems, with indication 
of the limitations imposed by the antenna 
characteristics. 

621.396.932 3093 
Conference of the Committee for Radio 

Navigation —Kronjiiger.  (Fernmeldetech. Z., 
vol. 5, pp. 287-289; June, 1952.) Summaries of 
nine papers read in Hamburg, March 1952, on 
marine navigation systems. 

621.396.932 3094 
Microwave Lighthouse—A. Roberts. Radio 

Ê.* Teter. News, Radio-Electronic Eng. Section, 
vol. 47, pp. 6-7, 31; 1952.) Description of a 
cheap and simple navigation aid for small ships. 
The 7-kw shore transmitter uses a 3-cm 
magnetron modulated at 500 pulses per second 
by a rotary spark gap, and a twin-beam 
antenna keyed in one of the usual interlocking 
codes. The ship-borne receiver is integral with 
a parabolic-cylinder antenna, and has a crystal 
detector; its sensitivity is such that a signal 
of duration las and power 10-aw can be heard 
above receiver noise. An accurate fix on the 
shore station can be obtained. 

621.396.932/.933 (43-15)  3095 
Integration of the Recently Installed Air-

Navigation Safety System of the Federal Ger-
man Republic with the Existing West European 
Network—F. C. Saic. (Elektrotech. u. Masch-
inenb., vol. 69, pp. 203-207; May 1, 1952.) The 
principles of the Decca system are outlined and 
the two-frequency Decca-Telefunken system 
due to O'Brien and Schwarz is described. In 
this system, signals from two transmitters, with 
frequencies which are different multiples of a 
common frequency, are picked up on separate 
receivers in a ship or aircraft and multiplied in 

frequency so as to derive two signals of identi-
cal frequency, whose phase difference is meas-
ured by a phase bridge enabling location in the 
hyperbola system to be determined to within 
about 4 m. The master transmitter at Madfelcl, 
Westphalia, operates on a frequency 6 f2, 
from which are derived, by frequency division 
and subsequent multiplication, the frequencies 
416, 9f6 and 5f6 of the three slave transmitters, 
which are symmetrically located round the 
master transmitter at a distance from it of 
200 km. Three combinations give frequencies 
of 2416, 18f6 and 3016 for use in the phase-
measurement bridge. The signals for the 
"coarse"  location,  with  frequencies inter-
changed, are transmitted during short breaks 
in the"fine" location transmissions. The trans-
mitter power is 2.4 kw and vertical wire-cage 
antennas are used. Standby Diesel generators 
are provided in case of mains failure, with 
battery feed during the starting-up period. See 
also 1923 of August. 

621.396.933:657.7  3096 
The Application of Telecommunications to 

Civil "Airways"— D. P. Taylor. (Jour. Brit. 
I.R.E., vol. 12, pp. 341-359; June, 1952.) An 
account of the development of facilities for 
promoting safety and regularity in civil avi-
ation operation in the U.K. in accordance with 
decisions taken by the Ministry of Civil Avi-
ation in 1948. The airways system is described 
and a list is given of communication facilities 
and navigation aids essential for its operation. 
Descriptions are given of the vhf air-to-ground 
R/T system, using area-coverage networks, and 
of the mf radio ranges and beacons and vhf 
fan markers. References are included to more. 
detailed accounts of individual features of the 
system. 

621.396.933.1:621.396.67  3097 
Cage-Type Very-High-Frequency Phase-

Comparison  Omnidirectional Radio  Range 
Antenna —F. J. Lundburg and F. X. Bucher. 
(Elec. Commun., vol. 29, pp. 108-116; June, 
1952.) Description of an antenna system con-
sisting of a dipole rotating within a cage of 
vertical metal rods, together with an upper 
cage extension serving to suppress vertical 
polarization. Tests carried out on the system 
show that it has good azimuth accuracy, a 
small cone of silence, and vertical polarization 
50 db below horizontal polarization for an 
upper-cage length of 12 feet, the whole system 
being mounted on a circular metal counter-
poise 35 feet in diameter and 15 feet above 
the ground. Details are given of the tone 
wheel and magnetic pickup that provide the 
fixed-phase reference signal. 

621.396.933.23+621.317.79 3098 
Airborne Receivers and Test Gear for 

Instrument Landing Systems—F. G. Overbury. 
(Elec. Commun., vol. 29, pp. 122-130; June, 
1952.) A description has previously been given 
of the ILS-2 ground equipment [2513 of 1950 
(Hampshire and Thompson)). Details are now 
given of the operation of the SR.14 and SR.15 
airborne  receivers which derive  suitable 
course indications from comparison of the 
modulation depths of the transmitted 90- and 
150-cps tones. Sources of error and means 
adopted for reducing them are discussed. In 
the SR. 14 localizer receiver, avc is derived at 
the detector, delay being determined by a 
neon reference tube. In the SR.15 glide-slope 
receiver an audio type of avc is used. An out-
line description is given of portable field test 
equipment which enables accurate checking of 
audio, filter and rectifier circuits on one crystal-
controlled channel in the localizer and glide-
slope frequencies. Rf circuits are checked by 
functional tests. 

621.396.93  3099 
Radio Research Special Report No. 22. 

The Siting of Direction-Finding Stations. (Book 

Review[— W. Ross and F. Horner. Publishers: 
H. M. Stationery Office, London, Eng., 1952, 
38 pp., Is. 6d. (Nature (London), vol. 169, 
p. 875; May 24, 1952.) "The main conclusions 
of the report are summarized in tables showing 
the minimum tolerable distances for different 
objects when it is desired to achieve specified 
accuracies." 

621.396.933  3100 
Radio Research Special Report No. 21. 

Radio  Direction-Finding and Navigational 
Aids; some Reports on German Work issued in 
1944-45. [Book Reviewl--Publishers: H. M. 
Stationery Office, London, Eng., 1951, 92 pp., 
3s. 6d. (Nature (London), vol. 169, p. 875; 
May 24, 1952.) Translations of nine hitherto 
unpublished papers by German experts. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

531.788.13  3101 
Knudsen  Gauges —W.  Steckelmacher. 

(Vacuum, vol. 1, pp. 266-282; October, 1951.) 
The design of improved forms of suspended-
vane metal and glass instruments is discussed. 
Gauges can be constructed for the pressure 
range 10-2 10-3  mm Hg with phosphorbronze 
taut-strip suspension and eddy-current damp-
ing. The inherently narrow range of the instru-
ment is extended by means of an alternating 
magnetic field acting inductively on the vane 
system. The thoery of the Knudsen gauge is 
developed. 48 references. 

531.788.7  3102 
Use of Penning's Gauge. Experimental 

Comparison with the Ionization Gauge. —J. 
Vermande. Le Vide, vol. 7, pp. 1145-1150; 
March, 1952. Discussion pp. 1150-1152.) Cali-
bration and operation of the vacuum gauge 
[1423 of 1950 (Penning and Nienhuis)j are 
described; its advantages are summarized. 

531.788.7  3103 
Thermocouple Micromanometer. Theoreti-

cal and Experimental Study— D. Degras. (Le 
Vide, vol. 7, pp. 1153-1171; March, 1952.) 
Description and theory of the instrument, and 
discussion of factors affecting sensitivity and 
the aging of the thermocouple. 

535.215:537.311.33:546.23 3104 
Photoconductivity in Vacuum Coated Se-

lenium Films —P. H. Keck. Jour. Opt. Soc. 
Amer., vol. 42, pp. 221-225; April, 1952.) The 
influence of base-plate temperature and process 
timetable on the growth of crystals in evapor-
ated Se coatings was investigated. The pres-
ence of a small amount of crystalline Se 
increases red sensitivity, but high insulation is 
maintained only if the crystals are well sepa-
rated by the vitreous matrix. The effect on the 
spectral response of Te additions is considered. 
See also 1925 of 1951. 

535.215:546.482.21  3105 
Note on Quenching of Photoconductivity 

in Cadmium Sulfide—E. A. Taft and M. H. 
Hebb. (Jour. Opt. Soc. Amer., vol. 42, pp. 49-
251; April, 1952.) Experiments were made on 
a single crystal 1 XIX 4 mm in size, subjected 
to a small unidirectional field and simul-
taneously irradiated with two monochromatic 
beams, one of constant and the other of vari-
able intensity. There appear to be two inde-
pendent but similar quenching processes, with 
peaks at variable-beam energies of 0.9 and 1.5 
ev respectively. An interpretation based on 
French's theory (450 of 1948) is proposed. 

535.215:549.328.1  3106 
Antimony Content and Photoelectric Effect 

of Different Samples of Galena—J. E. Hiller 
and H. G. Smolczyk. (Naturwissenschaften, 
vol. 39, p. 208; May, 1952.) Results of tests on 
57 samples indicate that a Sb content of 
<0.03 per cent, a negatively directed photo-
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electric effect (current from contact point to 
galena) and a positive thermoelectric effect 
are characteristic of samples which are good 
detectors. 

535.343:1546.817.221 +546.817.231 
+546.817.241  3107 
The Absorption Spectra of Single Crystals 

of Lead Sulphide, Selenide and Telluride —A. 
F. Gibson. (Proc. Phys. Soc. (London) vol. 65, 
pp. 378-388; May 1, 1952. Correction, ibid., vol. 
65, p. 555; July 1, 1952.) The spectra were ex-
amined over the temperature range 20-600°K; 
they are characterized by a sharp absorption 
"edge" coincident with the long-wave limit of 
the photoconductivity of each material. 

535.37  3108 
The  Third  MI-Union  Conference  on 

Luminescence and the Applications of Lumines-
cent Materials—P.  Feofilov.  (Uspekhi fiz. 
Nauk, vol. 45, pp. 445-457; November, 1951.) 
Report on a conference held in Moscow, June 
15-21, 1951. Summaries of 45 papers are given. 

535.37:546.412.84  3109 
Optical Properties  of  Calcium-Silicate 

Phosphors—G. R. Fonda and F. J. Studer. 
(Jour. Opt. Soc. Amer., vol. 42, p. 360; May, 
1952.) Further investigations indicate that the 
optical properties of these phosphors are de-
pendent on structure and not on lead content. 
See also 107 of 1950. 

535.372  3110 
Luminescence of Alkali Sulphides and 

Sulphates—H. Gobrecht and D. Hahn. (Z. 
Phys., vol. 132, pp. 111-128; April 10, 1952.) 
By reduction of the alkali sulphates, materials 
are obtained giving red or blue luminescence 
when excited by Hg radiation of wavelength 
366 mp or 254 mis. The red luminescence is 
due to the production of polysulphides, the 
blue to alkali atoms in the sulphate lattice. 
Investigations of the luminescence spectra at 
different temperatures are described and dis-
cussed. 

537.226:546.311.88  3111 
Ferroelectric Properties of Tantalates and 

Niobates of Alkali Metals—N. V. Kozhevnikova 
and A. I. Medovoi. (Zh. Tekh. Fiz., vol. 21, pp. 
1383-1387; November, 1951.) The temperature 
dependence of the dielectric constant and co-
efficient of linear expansion was investigated 
for certain tantalates and niobates of alkali 
metals, and their lattice parameters were de-
termined. Over the temperature range 20°C-
500°C these materials did not show any fer-
roelectric properties. These results are contrary 
to those obtained by Matthias (Phys. Rev., 
vol. 75, p. 1771; 1949) and by Matthias and 
Remeika (3023 of 1951). 

537.226.2 3112 
Theory of the Dielectric Constant of Mix-

tures —G. Eckart. (Z. angew. Phys., vol. 4, 
pp. 134-136; April, 1952.) A formula based 
on calculations of Darwin and Hartree is 
derived for the dielectric constant of a material 
containing globular particles of a second ma-
terial embedded in it. Curves are drawn to 
simplify calculations. Application of the for-
mula to the case of water drops or vapor in 
air is illustrated. Experimental evidence indi-
cates that the formula is only useful if the 
dielectric constants of the two materials differ 
by a factor <10. 

537.226.31 3113 
The Effect of Orientation on the Dielectric 

Losses in Polar Polymers—G. P. Mikhailov. 
(Zh. Tekh. Fiz., vol. 21, pp. 1395-1401; Novem-
ber, 1951.) 

537.312  3114 
Measurement of the Resistance of Thin 

Insulating Layers between Gold Contacts 
with the Range of the Tunnel Effect —I. 

Dietrich. (Z. Phys., vol. 132, pp. 231-238; 
May 14, 1952.) Results of measurements on 
TiO2 layers show that for layer thicknesses 
<100 A, contact resistance is governed by the 
tunnel effect, being independent of the specific 
resistance of the layer material and, for layer 
thicknesses <80 A, independent of tempera-
ture between +160° and +20°C. 

538.221  3115 
Minute Eddy Currents due to Displacement 

of Domain Boundaries—N. S. Akulov and G. S. 
Krinchik. (Comp:. Rend. Acad. Sci. (11.R.S.S.), 
vol. 81, pp. 171-174; November 11, 1951. In 

Russian.) 

538.221  3116 
Theory of the Coercive Force and Magnetic 

Susceptibility of Ferromagnetic Powders (De-
pendence on the Density of Packing) —E. Kon-
dorski. (Compt. Rend. Acad. Sci. (1J.R.S.S.), 
vol. 80, pp. 197-200; September II, 1951. In 
Russian.) 

538.221 3117 
The Magnetization of Highly Coercive Fer-

romagnetic Materials in Weak Fields —D. I. 
Volkov. (Camp:. Rend. Acad. Sci. 
vol. 80, pp. 349-351; September 21, 1951. In 
Russian.) 

538.221  3118 
New Ferromagnetic Materials with High 

Coercivity, High Permeability and Low Losses 
—C. Guillurd. (Onde elect., vol. 32, pp. 238-
253; June, 1952.) The domain theory of ferro-
magnetism is outlined and the properties of 
recently developed permanent-magnet and 
magnetically soft materials are described, in-
cluding both solid materials and those pro-
duced by powder-metallurgy technique, ferites 
being particularly considered. Applications of 
the new materials for filter-coil cores, wide. 
band transformers, magnetostriction devices, 
magnetic amplifiers, etc., are briefly discussed. 
27 references. 

538.221  3119 
Calculation of the Magnetic Skin-Effect in 

Sheet Permalloy and Determination of its 
Characteristic Parameters—A.  A.  Slivarts. 
(Zh. Tekh. Fiz, vol. 21, pp. 1293-1310; Novern-
ver, 1952.) The usual equation (I) of the 
hysteresis loop is valid only for the case of a 
quasistatic field and ceases to be accurate if the 
field varies with a finite frequency. A general-
ized equation (14) is derived for investigating 
the behavior of ferromagnetic materials in weak 
alternating fields both with and without taking 
account of their domain structure. A new 
method is proposed for separating the losses in 
sheet materials, and an experimental deter-
mination of the parameters of sheet permalloy 
is reported. 

538.221  3120 
The Spontaneous Magnetization of Mag-

nesium  Ferrite  and  Magnesium  Ferrite-
Aluminate Powders at Low Temperatures— 
G. 0. Jones and F. F. Roberts. (Proc. Phys. 
Soc. (London), vol. 65, pp. 390-391; May 1, 
1952.) 

538.221:061.3  3121 
Soft Magnetic Materials in Telecommuni-

cations—( Nature (London), vol. 169, pp. 905-
906; May 31, 1952.) Report of discussions at 
the Post Engineering Research Station, Lon-
don, April 1952, at which 34 papers were pre-
sented. 

538.221:538.541 3122 
Eddy Currents in Solid Cylindrical Cores 

having Nonuniform Permeability—H. Aspden. 
(Jour. Appi. Phys., vol. 23, pp. 523-528; May, 
1952.) A method of estimating magnetization 
losses due to eddy currents in inhomogeneous 
ferromagnetic materials is given. A case in 
which the permeability changes across the core 

December 

section is considered and the solution is ex-
tended to a homogeneous core whose permea-
bility changes with the degree of magnetiza-

t ion. 

538.221:669.15.24-198  3123 
Study of a Ferronickel Alloy of Very Low 

Strain Energy in Steady and Alternating Mag-
netic Fields —I. Epelboin and G. Gilardin. 
(compt. Rend. Acad. Sci. (Paris), vol. 234, pp. 
18(,0-1862; May 5, 1952.) Discussion of meas-
urements on very thin mumetal strip, the 
thickness of which was successively reduced 
electrolytically, with subsequent annealing in 
an atmosphere of 112. 

538.221.001.8  3124 
Some Applications of Ferroxcube — W. Six. 

(Philips Tech. Rev., vol. 13, pp. 301-311; May, 
1952.) Review of the properties of ferroxcube 
and of applications for filter coils, loading coils 
for telephone circuits, wideband hf trans-
formers, "palisade" screening, uhf modulation, 
and in television line-scan circuits. 

533.221.096:546.726-3  3125 
Thermomagnetic Study of a Single Crystal 

of Fe20A—L. Niel and R. Pauthenet. (Comp:. 
Rend. Acad. Sci. (Paris), vol. 234, pp. 2172-
2174; May 26, 1952.) Measurements of the 
magnetization of a natural single crystal of 
Fe202tx are shown graphically for the tempera-
ture range 20-950°K. A discontinuity occurs at 
about 250°K. 

539.234:537.311.31:546.92  3126 
Electrical Conductivity of Thin Deposits of 

Platinum on Dielectric Layers evaporated in 
Vacuo —C. Feldman. (Compt. Rend. Acad. 
Sci. (Paris), vol. 234, pp. 1858-1860; May 5, 
1952.) Measurements show that the resistivity 
of Pt films deposited on evaporated layers of 
KI3r or CaF2 is much higher than that of Pt 
films on glass. The difference is not so great for 
films on layers of SiO2. An explanation is sug-
gested. 

546.217: 621.317.335.3.029.64 3127 
The Dielectric Constant of Dry Air— 

J. V. Hughes and H. L. Armstrong. (Jour. 
A ppi. Phys., vol. 23, pp. 501-504; May, 1952.) 
Measurements by a two-cavity method similar 
in some respects to that of Birnbaum et al. 
(1426 of 1951) give a value of 1.000569 for the 
dielectric constant of dry air at N.T.P., for a 
frequency of 3 kmc. The value previously re-
ported by Hughes and Lavrench (3047 of 1951) 
was found to be too high because of insufficient 
drying of the air. 

546.23:1535.323+535.343 3128 
Properties of Amorphous Selenium and its 

Use as an Optical Material —H. A. Gebbie and 
C. G. Cannon. (Jour. Opt. Soc. Amer., vol. 42, 
p. 277; April, 1952.) Measurements were made 
of the transmission aver the wavelength range 
1-25m. Results are discussed in relation to 
values of optical constants previously reported 
by Gebbie and Saker (Proc. Phys. Soc. (Lon-
don), vol. 64, pp. 360-361; April 1, 1951), 
and by Dowd (1013 of May). 

546.24 :1537.311.33 +538.632  3129. 
The Hall Effect and Electrical Resistivity 

of Tellurium—V. E. Bottom. (Science, vol. 
115, pp. 570-571; May 23, 1952.) 

546.24:538.632 3130 
Interpretation of the Double Reversal of 

the Hall Effect in Tellurium —H. Fritzsche. 
(Science, vol. 115, pp. 571-572; May 23, 1952.) 

546.24:621.314.632  3131 
Contact Rectification with  Tellurium— 

J. Lagrenaudie. (Jour. Phys. Radium, vol. 13 
p. 308; May, 1952.) Systematic measurements 
have been made of mean rectified current and 
upper-limit value of reverse voltage for single. 
crystal and polycrystalline specimens of Te 

1 
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vith metal point contacts. Rectification is ob-
ained with contact metals having low work 
'unction and coated with oxide. A theoretical 
urplanation is advanced for the different re-
mits observed with different contact metals. 
Vfeasurements made with unidirectional volt-
"iges are also reported. 

546.28:537.323 3132 
The Sign of the Thermal E. M.F. of Silicon 

—J.  Savornin  and  F.  Fourrier-Savornin. 
Compt. Rend. Acad. Sci., (Paris), vol. 234, pp. 
1165-2167; May 26, 1952.) Experiments car-
ied out on small bars of Si (98 per cent Si, 
1.4 per cent Al, 0.6 per cent Fe), with Cu and 
:onstantan contacts at the ends, show that the 
.hermal emf of Si with respect to Cu is posi-
.ive, not negative, as given in tables of physical 
:onstants. For a Si-Pb couple the thermal emf 
s 408µV/1°C, as against 803V/1°C for a Pb-Si 
:ouple. 

546.281.26: 537.311.4 3133 
Contribution to the Theory of the Silicon 

Carbide  Contact —E.  Holm.  (Jour.  App!. 
Phys., vol. 23, pp. 509-517; May, 1952.) 
The high limiting contact voltage of 40-50 v 
between SiC single crystals of the black-green 
variety is explained on the basis of the known 
temperature-voltage relation. The electrical 
properties of the surface layer on the crystals 
are investigated with special reference to the 
"tunnel" effect, which affords an explanation of 
the resistance at low voltages. 

546.289: 537.311.33 3134 
p-n Junction Method for Measuring Dif-

fusion in Germanium —W. C. Dunlap, Jr. 
and D. E. Brown. (Phys. Rev., vol. 86, pp. 417-
418; May 1, 1952.) Diffusion of an n-type im-
purity into a p-type semiconductor creates a 
p-n junction which can be detected electrically 
by means of a probe. Measurements of the rate 
of diffusion by this method and by a radio-
active-tracer method gave results in good agree-
ment. 

546.289: [621.314.63+621.314.7+621.383.5 
3135 

Single-Crystal Germanium —G. K. Teal, 
M. Sparks and E. Buehler. (Paoc. I.R.E., vol. 
40, pp. 906-909; August, 1952.) When single 
crystals of Ge are used, the properties of the 
barriers between p-type and n-type specimens 
can be predicted from measurements on the 
separate specimens. The long life of carriers 
injected into single crystals and the good chem-
ical controllability are particularly useful char-
acteristics from the point of view of developing 
rectifiers, transistors and photocells. The range 
of properties of available Ge crystals is indi-
cated. 

546.289:669.054.83 3136 
Germanium from Coal —R. C. Chirnside 

and H. J. Clulcy. (GEC Jour., vol. 19, pp. 94-
100; April, 1952.) An account of the methods 
developed for the production of high-purity Ge 
from flue dusts, with some details of the treat-
ment of GeCI4 with Cu turnings to remove 

traces of As. 

546.431.824-31:537.226 3137 
The Effective Fields in Barium Titanate — 

V. Kli. Kozlovski. (Zh. Tekh. Piz., vol. 21, pp. 
1388-1394; November, 1951.) 

546.72-3:537.311.33  3138 
Semiconducting Properties of Oxides of 

Iron—J. Martinet. (Compt. Rend. Acad. Sci. 
(Paris), vol. 234, pp. 2167-2169; May 26, 
1952.) Results of measurements on Fe304, 
Fe303x, Fe2031, and intermediate mixtures from 
—190° to +100°C are presented and discussed. 

546.722.21:538.22  3139 
Paramegnetism of Sulphides of Iron — 

. R. Benoit. (Comm. Rend. Acad. Sci. (Paris), 
vol. 234, pp. 2174-2175; May 26, 1952.) 

Graphical presentation and discussion of meas-
urements on various sulphides in the tempera-
ture range 0-1,000°C. 

546.817.221 +546.817.231 +546.817 .241 ] 
:537.311.33  3140 
Electrical Conductivity in the Compounds 

PbS, PbSe, PbTe —E. H. Putley. (Proc. Phys. 
Soc. (London), vol. 65, pp. 388-389; May 1, 
1952.) Measurements on single crystals give 
electron and hole mobilities two or three times 
those reported for multicrystal specimens. 

548.0:537.228.1:539.32  3141 
The Elastic Constants of Piezoelectric 

Crystals —R. F. S. Hearmon. (Brit. Jour. A ppl. 
Phys., vol, 3, pp. 120-124; April, 1952.) Pub-
lished values of the elastic constants of Rochel-
le salt, KH2PO4 (KDP), (NH4)HIP04(ADP), 
quartz, NaC103 and NaBrO3 crystals are as-
sembled and discussed. 23 references. 

548.0:537.228.1:539.4  3142 
Mechanical Strength of Piezoelectric Crys-

tals —R.  Bechmann and P.  L.  Parsons. 
(Brit. Jour. App!. Phys., vol. 3, pp. 147-150; 
May, 1952.) A direct mechanical method and 
an electrical method have been used to deter-
mine the breaking strength of crystals of 
NaC103, NaBr03, ADP, EDT and Li2SO4. Re-
sults are tabulated. New measurements on 
quartz crystals were used to check the methods. 
A formula for the current due to the piezoelec-
tric polarization is given which covers the 
longitudinal flexural, contour, and thickness 
modes of vibration considered. The calculated 
maximum safe currents are tabulated for 
resonators of various materials and cuts. 

549.211:621.317.335.3  3143 
The Dielectric Constant of Diamond — 

F. P. Pietermaat, W. van Dyck and F. de 
Keuster. (HF (Brussels), vol. 2, no. 2, pp. 47-
51; 1952.) Bridge measurements on pure dia-
monds at frequencies from 100 cps to 1 mc 
gave a permittivity value of 5.6, independent 
of frequency. The value for industrial dia-
monds at frequencies <5 kc was slightly 
higher. 

549.514.51:621.396.611.21  3144 
Heat Treatment and Internal Friction of 

Piezoelectric  Quartz  Resonators —G.  Fri-
gerio. (Alta Frequenza, vol. 21, pp. 102-104; 
April, 1952.) Brief account of an experimental 
investigation of the effect of heat treatment on 
crystal structure and Q-value. 

620.197:621.396.6  3145 
A Colonial talks about Tropicalization — 

E. Dawance. (Tonic la Radio, no. 16(, pp. 177-
182; June, 1952.) Discussion of the various 
mechanical and electrical faults commonly 
found in radio equipment used in the tropics, 
with detailed suggestions as to the treatment 
of components, assemblies and complete units, 
necessary to ensure reliable operation under 
difficult conditions. 

621.3.066.6 3146 
Materials for Electrical Contacts— H. Gagel 

and H. Dirtier. (Elektrotech. Z., vol. 73, pp. 
292-294; May 1, 1952.) Review of the special 
characteristics of the metals and alloys com-
monly used, with a summary of their relative 
advantages and disadvantages. 

621.314.632: [549.325.2 +546.784.221  3147 
Rectification Effects with Molybdenite and 

Tungstenite —J.  Lagrenaudie. (Jour.  Phys. 
Radium, vol. 13, pp. 311-312; May, 1952.) 
Results are reported of measurements on 
sheets of natural molybdenite (MoS2) soldered 
to a large-contact base, and on artificial tungs-
tenite (WS,). For MoS2 the results are not af-
fected by the particular contact metal used, 
for WS, the nature of the contact metal has 
some influence. The forward resistance of the 
MoS2 rectifier is high, due to the laminated 

nature of the material. Modifications of the 
characteristics obtained by lightly firing the 
contact are described. 

621.315.613.1  3148 
Processing Mica Paper for Electrical Insu-

lation—R. L. Griffeth and E. R. Younglove. 
(Elec. Eng. (N.Y.), vol. 71, no. 5, pp. 463-465; 
May, 1952.) A.I.E.E. Winter General Meeting 
paper, January, 1952. An account of the pro-
duction and properties of the type of mica 
paper developed in France by Bardet. See also 
1407 of 1951 (George and Metzger). 

621.315.613.1  3149 
Synthesis of Mica —A. Van Valkenburg 

and R. G. Pike. (Bur. Stand. Jour. Res., vol. 
48, pp. 360-369; May, 1952.) An account of 
the preparation and properties of a phlogo-
pite-type mica in which the (OH) ions present 
in natural mica are replaced by fluorine. 

621.316.87: 541.18: 537.311.35  3150 
The  Electrical  Properties  of  Colloidal 

Suspensions and Mixtures and their Use in the 
Manufacture of Nonlinear Resistors —H. E. 
Hollmann. (Arch. elekt. Obertragung, vol. 6, 
pp. 178-186; May, 1952.) See 2538 of October. 

621.318.2: 669.1-492.2  3151 
Permanent Magnets from UltrafIne Iron 

Powder —B. Kopelman. (Elec. Eng. (N.Y.), 
vol. 71, pp. 447-451; May, 1952.) A.I.E.E. 
Winter General Meeting paper, January 1952. 
The salient points of the domain theory per-
taining to such magnets are reviewed and the 
properties of magnets at present available are 
described. Theoretically it is possible to pro-
duce magnets with coercive forces of 2,500 
oersted or more, saturation magnetization of 
the order of 11,000 gauss, and remanence of 
5,000 gauss, but actual figures are considerably 
below these values. BK. values are of the 
same order as for alnico-3, but the iron powder 
magnets are much lighter, containing only 
about 50 per cent Fe. Possible methods for ob-
taining improved magnetic properties in this 
type of magnet are discussed. 

621.318.23  3152 
Modern Permanent Magnets and their Ap-

plication —F. Latscher. (Elektrotech. u. Ma-
schinenb., vol. 69, pp. 188-192; April 15, 1952.) 

MATHEMATICS 

517.946: 517.949.8 : 518.12  3153 
Numerical Solution  of Boundary-Value 

Problems in Elliptic Partial Differential Equa-

tions —E. Batschlet. (Z. angew. Math. Phys., 
vol. 3, pp. 165-193; May 15, 1952.) Partial 
differential equations of the elliptic type are 
solved by finite-difference approximation. If 
the boundary conditions involve derivatives, 
such approximation may be difficult. It is 
shown how the normal derivative may be ap-
proximated for a curved boundary without any 
corner. The finite-difference solutions converge 
to the exact solution of the differential equation 
as the mesh side tends to zero; this is proved, 
under certain conditions by a method similar 
to that given by Gerschgorin. Relaxation 
technique is considered and it is proved that 
the residuals for inner and for boundary points 
converge to zero. 24 references. 

517.946:518.12  3154 
Numerical Determination of Periodic Solu-

tions for Nonlinear Oscillations—L. Collatz. 
(Z. angew. Math. Phys., vol. 3, pp. 193-205; 
May 15, 1952.) Description of a relatively sim-
ple multipoint method, with worked-out exam-

ples. 

681.142:512.3 3155 
The Solution of Algebraic Equations on the 

EDSAC —R. A. Brooker. (Proc. Comb. Phil. 
Soc., vol. 48, part 2, pp. 255-270; April, 1952.) 
Three iterative methods are examined: Ber-
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noulli's method, the root-squaring method and 
the Newton-Raphson method. Quadratically 
convergent methods are found preferable to 
those less rapidly convergent. Examples arc 
given. 

681.142:621.3.042.143  3156 
Static  Magnetic  Matrix  Memory  and 

Switching Circuits —J, A. Rajcliman. (RCA 
Rev., vol. 13, pp. 183-201; June, 1952.) De-
sciiption of recent developments in this type 
of memory device. See also 2258 of September 
(Papian). 

MEASUREMENTS AND TEST GEAR 

531.76:621.3.015.7 3157 
The Use of a Pulse-Height Analyzer for 

Time-Interval Measurements—G. Jenssen and 
A. Sunde. (Physica, vol. 18, pp. 265-269; 
April, 1952.) Description of an instrument 
adapted from the pulse-height analyzer of El-
more and Sands (2007 of 1950). 

531.764.5 3158 
Development of a Clock whose Rate is Ac-

curately the Arithmetic Mean of the Rates of 
Several Clocks —B. Decaux, J. Lucas and 
V. Yanouchevsky. (Cumin. Rend. .4 cad. Sc!., 
(Paris), vol. 234, pp. 2164-2165; May 26, 
1952.) Description of a method particularly 
applicable to quartz clocks. By a process of sim-
ple frequency mixing and division, a frequency 
is derived which is the exact arithmetic mean 
of the fundamental 100-kc nominal frequuacies 
of several clocks, or of nominal frequencies of 
1 kc derived by frequency division. In the latter 
case a synchronous motor can then be used to 
drive mechanism for recording the mean time 
or operating seconds contacts. 

621.317.2(44):621.317.361  3159 
Recent Developments in the Frequency-

Measurement Department of the Laboratoire 
National de Radioelectricite—B. Decaux. 
(Onde elect., vol. 32, pp. 219-231; June, 1952.) 
An outline is given of the organization of the 
department and of its functions, with descrip-
tions of the measurement equipment, including 
the  standard  oscillators  (installed  under-
ground), frequency meters up to 4 kmc, syn-
chronous  recording  drums,  beat-frequency 
counters, etc. A new microwave meter is to 
range up to 12 kmc. 

621.317.3:621.396.611.21  3160 
Measurement of the Parameters of a 

Quartz Crystal. Use of the Two-Circle Abac — 
J. Coulon. (Cotnpi. Rend. Acad. Sci., (Paris), 
vol. 234, pp. 1965-1968; May 12, 1952.) Dis-
cussion of the application of an orthogonal 
system of circles to the determination of 
crystal parameters. See also 2549 and 2550 of 
October. 

621.317.3:621.396.822  3161 
Characteristics  of  Noises  and  Noise 

Voltages —II. Bittel. (Z. angew. Phys., vol. 4, 
pp. 137-146; April, 1952.) The frequency 
spectrum of a noise voltage often gives insuf-
ficient data on the character of the noise; a 
knowledge of the statistical amplitude distri-
bution is required. In many practical cases this 
distribution is Gaussian. Deviations are due to 
non-overlapping of the voltage pulses; the fie-
quency characteristic of the transmission sys-
tem may contribute to this. The effect of the 
amplitude distribution on the rectification 
process is analyzed and measurement appara-
tus is described. For resistance and tube noise a 
Gaussian distribution is confirmed experi-
mentally. 

621.317.3.017.143: 621.396.611.4  3162 
An Approximate Theory of the Cavity-

Resonator Method of Determining the Di-
electric Loss of Solids at Microwave Frequen-
cies—S. K. Chatterjee. (Jour. Indian Inst. 
Sci., vol. 34, pp. 43-49; April, 1952.) The field 

equations for a cylindrical cavity resonator and 
the perturbation formula due to Bettie and 
Schwinger are applied to the calculation of the 
real and imaginary parts of the generalized di-
electric constant of a small sample of solid 
dielectric rod introduced into the resonator. 
The loaded Q of the cavity is determined from 
the field equations and the Poynting vector. 

621.317.3.029.5/.6  3163 
High-Frequency Measurement Technique 
Druey. (Tech. Al a schweiz. Telegr.-

TelephVerw., vol. 30, pp. 50-56; February 1, 
1952. In German.) Reprint. See 1954 of August. 

621.317.32:537.221  3164 
Measurement of the Volta Effect—R. Bou-

Hon. (Ann. Phys., (Paris), vol. 7, pp. 360-395; 
May/June, 1952.) Investigation of the sources 
of error in contact-potential measurements re-
sulted in the development of a reliable meth-
od, a detailed account of which is given, in-
cluding a description of the technique for ob-
taining the very high vacuum necessary to 
obtain consistent results. Values obtained for 
the contact einf for a layer of Cu condensed on 
a W wire are discussed in relation to results 
published by other investigators. See also 1885 
of August. 

621.317.331.029.51:621.316.993  3165 
The Value of H.F. Measurements on 

Lightning-Protection Earths —W. Bulb. (Elek-
trotech. u. Maschinenb., vol. 69, i,p. 140-146; 
March 15, 1952.) Discussion indicates that Id 
measurements on earthing systems supply lit-
tle additional information to that furnished by 
measurements with a If bridge. 

621.317.335.3:518.4  3166 
The Computation of Dielectric Constants — 

R. M. Redlieffer, R. C. NVildrnan and V. 
O'Gorman. (Jour. App!. Phys., vol. 23, pp. 
505-508; May, 1952.) Charts are provided 
which enable the complex dielectric constant 
to be determined for any type of sample from 
measurements by the shorted-line method. 

621.317.335.3:621.316.726  3167 
A Frequency  Stabilization System for 

Microwave Gas Dielectric Measurements — 
W. F. Gabriel. (Paoc. IRE., vol. 40, pp. 940-
945; August, 1952.) In a method based on ob-
serving the shift of resonance frequency of a 
cavity when filled with the gas, the frequency 
of the klystron oscillator used is automatically 
controlled by means of a double-loop servo 
system. One loop is of the type described by 
Pound (1311 of 1948) and the other of the 
type described by Rideout (276 of 1948). The 
value of (n-1), where n is the refractive index, 
can be obtained accurate to three or four sig-
nificant figures. 

621.317.336:621.315.212  3168 
The Sweep-Frequency Response of RG-6U 

Icablel —W. T. Blackband. (Psoe. I.R.E., vol. 
40, pp. 995-996; August, 1952.) A discussion 
of the causes of frequency dependence and ir-
regularity of the measured characteristic im-
pedance noted by Alsberg (728 of April). 

621.317.34:621.315.212 3169 
Measurement of the Attenuation and Char-

acteristic Impedance of Transmission Lines. 
Tests on Coaxial Cables—P. llontoy. (I F, 
(Brussels), vol. 2, no. 2, pp. 35-46; 1952.) A 
method of measurement applicable to all uni-
form line is described. If a line has a variable 
purely reactive termination, the locus, in the 
complex plane, of its input impedance is a 
circle whose position and radius are functions 
of the attenuation and characteristic imped-
ance. The mathematical theory of the method 
makes use of the properties of certain trans-
formations in the complex plane. The necessary 
formulas are established for the representation 
in cartesian coordinates and in Smith's dia-
gram. Tests on coaxial cables for a very large 

range of frequencies gave attenuation values 
in good agreement with wattmeter measure 
ments. 

621.317.35.029.3  3170 
Gated Amplifier Wave Analyzer—V. R. 

Nelson. (Electronics, vol. 24, pi,. 136-139; 
August, 1952.) Description of an instrument 
giving a direct-reading quantitative indication 
of the spectral components of complex af 
waveforms. The waveform under test and 
gating pulses from a variable-frequency multi-
vibrator are fed to an amplifier having in its c 
output circuit a meter whose deflection varies 
as a function of the phase difference between 
the two inputs. 

621.317.351:534.442.2 3171 
Some Problems in Audio-Frequency Spec-

trum Analysis —S. V. Soanes. (Electronic Eng., 
vol. 24, pp. 268-270 and 312-318; June and 
July, 1952.) Theory is presented for analyzers . 
of the type using a fixed-frequency filter and 
a swept-frequency heterodyne oscillator. A de-
scription is given of a double-heterodyne iiia-
lyzer for general laboratory use covering 
working range 20 cps-20 kc; the useful range 
of input voltage is 1 my-300 v, the sweep fre-
quency is variable between 0.1 cps and 30 
cps and the filter bandwidth is variable be-
tween 10 cps and 500 cps. The response is dis-
played on a long-persistence cr tube. 

,. 621.317.361 3172 
A Recording  Frequency Comparator— 

R. 11'alter and II. Voigt. (Tech.  Han 'run. 
NordwDtsch. Rdjunks, vol. 4, pp. 111 114; 
May/June, 1952.) A special heterodyne mi•t hod 
is described in which a sawtooth oscillation ot 
the one frequency is multiplicatively mixed in 
a pentode with pulses repeated at the ot hr 
frequency; the resulting beat has a != 
form, enabling the direction of frequen, y di vi-
ation to be recognized immediately. A practical 
arrangement is illustrated in which several 
oscillators can be compared simultaneously 
with the same reference oscillator, the results 
being recorded on a single paper-strip chart. 

621.317.361.029.6  3173 
Frequency Measurement in the Micro-

wave Range —B. Koch. (Arch. tech. Alesvn, 
no. 196, pp. 111-116; May, 1952.) Review of 
different methods and apparatus, including • 
wavemeter methods, direct heterodyne meth-
ods and others involving frequency multiplica-
tion. A list of 64 NHa absorption lines between 
19 and 40 kmc is given. 47 references. 

621.317.444.087 3174 
A Recording Fluxmeter of High Accuracy 

and Sensitivity —P. P. Cioffi. (Bell Lab. Rec., 
vol. 30, pp. 247-251; June, 1952.) Description 
of an instrument which plots magnetization 
curves and major and minor hysteresis loops 
of ring and bar sainples on standard coordinate 
paper. 

62 1.317.7:537.311.33:621.315.592 3175 
Apparatus for Electrical Measurements on 

Semi-conductors—H. K.  Ilenisch and J. 
Ewels. (Research (London), vol. 5, II'.  235-
237; May, 1952.) Description of apparattiS 
facilitating measurements over a wide tem-
perature range and in controlled gas atmos-
pheres; it is intended mainly for dc operation. 
Experiments have been made on Sc, Ge and 
TiO2: typical results are given. 

621.317.715 3176 
Integrating and Other Galvanometers— 

A. H. Bebb. (Jour. Sc!. Instr., vol. 29, pp. 105-
111; April, 1952.) The theory, design and con-
struction are discussed of an integrating gal-
vanometer with a free period of 80 seconds. 
The damping/control ratio is large enough to 
enable measurement of the change of flux 
through an exploring coil of considerable re-
sistance connected in series, even though the 
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ux change may take several minutes. The 
nail degree of control is achieved by attaching 
magnetized needle to the upper end of a Ilass tube whose lower end is secured to the 

: toying-coil system, the needle being located in 
n auxiliary field of opposite polarity to that 
f the needle. The effect of shunting the in-
'grating galvanometer is examined and the 
r leory confirmed experimentally. 

121.317.723 3177 
A Mechanically Astatized Leaf Electrome-

er -11. W. Lucking. (Z. angew. Phys., vol. 4, 
.9. 169-173; May, 1952.) The instrument de-
1 cribed is some hundreds of times more sensi-
,ive than earlier types of leaf electrometer, as 
: result of (a) the astatization, and (b) arrang-
ng the direction of electric force to coincide 
vith the gravitational force. Both direct and 
41 voltages can be measured. 

i21.317.725:621.318.572  3178 
Anodige: a Discrete-Digit Voltage-Indi-

:citing Device —( Tech. Bull. Nat. Bur. Stand., 
ml. 36, pp. 70-71; May, 1952.) Description of 
!quipment which measures continuously vari-
tble voltages and indicates their values on a 
ligital panel or records them on a strip of elec-
.ro-sensitive paper. Essentially the instrument 
:onsists of an electronic counter which counts 
:he number of equal increments of charge re-
vire(' to raise the terminal voltage of a ca-
pacitor up to the value of the unknown voltage. 
400 readings per second are possible with the 
present model, but this can easily be increased. 

621.317.729 3179 
Electrolyte Tank with Automatic Recording 

of Equipotential Lines -11. Schmidt. (Electro-
tech. U. Maschinenh., vol. 69, pp. 155-161; 
April 1, 1952. 

621.317.733:621.316.8.0116 3180 
A Precision Bridge for Determination of 

Time Constants of Resistors for Measurement 
Apparatus —E. Blechschmidt. (Elektrotechnik 
(Berlin), vol. ("), pp. 199-202; May, 1952.) 
Description of a bridge, developed by G. 
Zickner at the German Office of Weights and 
Measures, for measurement of the time con-
stants of resistors in the range 111-100ka The 
phase shift due to the time constant of the re-
sistor under test is compensated by means of a 
special capacitor in parallel with one arm. The 
actual evaluation of the time constant is ef-
fected by a substitution method, stretched 
twin wires, screened or unscreened, serving as 
time-constant standards for resistance values 
up to 10k11, and screened carbon-film re-
sistors for values from PAH to 100ka 

621.317.75.029.4 3181 
Applications of the Muirhead-Pametrada 

Wave Analyser Type D-489: Part 1—Aircraft-
Engine Research —B. D. Banks. (Muirhead 
Technique, vol. ti, pp. 11-14; April, 1952.) An 
instrument of the tuned-filter type for measur-
ing amplitude and frequency of any component 
of a complex wave. Frequency range is 19 cps-
21 kc. Percentage frequency accuracy is high 
and constant at all frequencies. In vibration 
measurements described, a resistance strain 
gauge or moving-coil pickup is used. 

621.317.75.029.42  3182 
Adapting the Wave Analyser for Very-Low-

' Frequency Measurements—( Muirhead Tech-
nique, vol. (,, pp. 15-16; April, 1952.) Descrip-
tion of a mains-operated ring-modulator unit 

, extending the range of the Type D-489 ana-
1 lyzer (3181 above) down to 2 cps. A RC filter 
I in a selective feedback circuit provides 40-db 
1 attenuation above 100 cps for suppressing 
i unwanted frequencies. 

1 621.317.755:531.765 3183 
Circular-Sweep Chronograph for Single 

Millisecond Time Intervals--A. Linz, Jr. 
. (Rev. Sci. Instr., vol. 23, pp. 199-203; May, 
1952.) Description, with circuit details, of 

equipment comprising (a) a scaling-circuit in-
terval timer driven by a 100-kc frequency 
standard, and (b) a cro with a 10-as circular 
sweep driven from the same standard. The scal-
ing circuit measures the interval between two 
electrical signals to within 10 As, readings on 
the cro being used for interpolation to within 
10 nu's. Suitable pulse-sharpening circuits and 
a high-speed gate circuit are also described. 

621.317.755:621.314.7.012  3184 
Display of Transistor Characteristics on 

the  Cathode-Ray  Oscillograph —G.  B.  B. 
Chaplin. (Jour. Sci. lusty., vol. 29, pp. 142-
145; May, 1952.) Pulse and step waves are 
generated and applied to the grids of two 
cathode-follower circuits, the outputs from 
which are fed to the appropriate transistor 
electrodes. Any of the following families of 
characteristics can then be displayed: (a) I. 
against V, or V., with /c as parameter; (b) 
I, against v, or V., with I. as parameter, 
where e and c denote emitter and collector re-
spectively. The equipment is designed for 
testing n-type transistors; the modifications 
necessary for p-type transistors are indicated. 

621.317.78.029.64  3185 
Arrangement for the  Measurement of 

High Powers at Microwave Frequencies — 
S. Giustini and R. Tozzi. (Alta Frequenza, 
vol. 21, pp. 67-76; April, 1952.) Description 
of a calorimetric arrangement which has prac-
tically no energy losses and has a measurement 
range up to some hundreds of watts with an 
error <6 per cent. 

621.317.79+621.396.933.23  3186 
Airborne Receivers and Test Gear for In-

strument Landing Systems —Overbury. (See 
3098.) 

621.317  3187 
Electrical Measurements. IBook Reviewl — 

F. K. Harris. Publishers: J. Wiley & Sons, New 
York, 784 1313., $8.00. (Tech. Bull. Nat. Bur. 
Stand., vol. 36, p. 79; May, 1952.)  Basic in-
strument theory is thoroughly discussed, and 
direct-current and low-frequency measure-
ments are covered in detail." 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

531.719.33 3188 
The F.R.B. Servo-Gauge —Bonhomme and 

Droin. (Eleetronique (Paris), no. 66, pp. 30-35; 
May, 1952.) Equipment is described for meas-
uring the depth of liquids and signaling the 
result to a remote point. The principle of opera-
tion is to arrange just above and just below the 
surface of the liquid a pair of "feelers" attached 
to a vertical metal strip which is driven up or 
down by a servomechanism according as the 
liquid level rises or falls. 

534.321.9:539.32  3189 
A Simple Method for Measurement of 

Elastic Constants, using Ultrasonic Pulses— 
A. Lutsch. (Z. angew. Phys., vol. 4, pp. 166-
168; May, 1952.) The velocities of waves 
propagated longitudinally and transversely in 
a medium are determined in a single operation. 
The piezoelectric generator/detector is of the 
type used for nondestructive testing, and the 
cro display is self-calibrated. 

534.321.9:672.8 3190 
Cleaning Work with the Aid of Ultrasonic 

Vibration—C. R. Fay. (Machinery, London), 
vol. 80, pp. 853-855; May 15, 1952.) Descrip-
tion of a machine in which small metal partsare 
cleaned by ultrasonic agitation of a solution 
in which they are immersed. A quartz resona-
tor with a natural frequency of 750 kc is used. 

621-57:621.318  3191 
Magnetic-Powder Clutch—O. Grebe. (Elec-

trolech. Z., vol. 73, pp. 281-284; May 1, 1952.) 
Discussion of operating torque characteristics 

and description of typical equipment made by 
ElektraMechanik G.m.b.H. 

621.316.7 3192 
Control Technique —(Elektrotech. Z., vol. 

73, pp. 181-251; April 1, 1952.) A symposium 
of papers dealing with numerous aspects and 
applications of electrical control equipment. 

621.365.5 0  3193 
Equipment for Inductive Surface Harden-

ing —K. Kegel. (Z. Ver. dtsch. Ing., vol. 94, pp. 
331-338; April 21, 1952.) Review of general-
purpose and special-purpose equipment and 
discussion of power requirements for specified 
hardening depths. 

621.365.54/.55I  3194 
Radio-Frequency Heating —(Brown Boveri 

Rev., vol. 38, pp. 315-371; November, 1951.) 
A collection of papers describing equipment for, 
and methods and applications of rf heating. 

621.38:529.78  3195 
Applications of Electronics to the Control 

of the Rate of Watches and Clockwork Move-
ments —J.  Dusailly. (glectronique (Paris), 
no. 67, pp. 10-15; June, 1952.) Description of 
equipment giving a record on a paper band of 
the rate of a watch or clock moventent relative 
to a standard frequency derived from a quartz-
crystal oscillator. Each tick of the watch serves 
to initiate a hv spark which perforates and 
blackens the paper. 

621.383.001.8 3196 
Amplification of Light-Intensity Fluctuations 

by  means  of  Photoconductive Cells —M. 
Ploke. (Funk u. Ton, vol. 6, pp. 305-310; 
June, 1952.) Discussion of the use of PbS and 
CdS photocells, which have definite advan-
tages over Se and T1 cells as regards sensitivity. 

621.384.611.21* 3197 
Synchrotron—Please note that 621.364.612 

will be used in future for synchrotrons in place 
of 621.384.611.2t used hitherto. 

621.384.612:621.311.6 3198 
The Bevatron Power Plant —J. V. Kresser. 

(Elec. Eng. (N. Y.), vol. 71, pp. 338-343; 
April, 1952.) Description of the power-supply 
arrangements for the bevatron at the Univer-

sity of California. 

621.384.62 3199 
Expression for the Electromagnetic Field 

in Linear Ion  Accelerators —M. Bernard. 
(comps. Rend. Acad. Sri. (Paris), vol. 234, 
pp. 1862-1865; May 5, 1952.) A solution of 
Maxwell's equations is obtained for a semi-
infinite cylinder excited by application of a dif-
ference of potential between the cylinder and 
a metal diaphragm across its end. 

621.384.62  3200 
Numerical Calculation of the Electromag-

netic Field in Linear Ion  Accelerators — 
M. Bernard. (Comp,. Rend. Acad. Sri. (Paris), 
vol. 234, pp. 2175-2178; May 26, 1952.) The 
series previously given for the field are in gen-
eral difficult to evaluate numerically. Simple 
approximate formulas for the field on the axis 
are derived. 

621.384.62  3201 
Application of the W.B.K. Method to the 

Dynamics of Linear Accelerators —M. Hoyaux. 
(Rev. Sci. lusty., vol. 23, pp. 173-175; April, 
1952.) The dynamics of "small motions" in a 
linear accelerator is studied for conditions as 
general as possible. It is concluded that heavy 
particles cannot be accelerated up to the 109-
ev range by any practical combination of TM 
and/or TE traveling and/or stationary waves. 
Several methods are, however, possible for 
electrons. 

621.385.833  3202 
An Approximation Method for the Sinuous 

Trajectories of,Highly:.Convergent (electronl 
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Lenses—F. Bertein. (Jour. Phys. Radium, 
vol. 13, p. 309; May, 1952.) 

621.385.833  3203 
Study of an Electron Lens by the W.K.B. 

Method —C. MuseIa. (R.C. Acted. nos. Lincei, 
vol. 12, pp. 575-582; May, 1952.) 

621.385.833  3204 
Electronoptical Velocity Filters—M. Schie-

kel. (optik, vol. 9, no. 4, pp. 145-153; 1952.) 
Chromatic aberration in the electron micro-
scope can be reduced by use of a unipotential 
lens with a negative middle electrode as a 
velocity filter for the electrons scattered in-
elastically at the object. The image-forming 
properties of such filters are calculated for dif-
ferent potential distributions. The optimum 
resolving power is 110A. 

• 
621.385.833:061.3  3205 

The Fourth Annual Convention of the Ger-
man Association for Electron Microscopy, 
Tubingen, 6th-8th June 1952 —(Optik, vol. 9, 
no. 4, pp. 189-192; 1952.) Titles are given of 
all the papers presented. 

621.385.833:061.3 3206 
Report of Conferences on Electron Micros-

copy, Washington and Philadelphia 1951 — 
V. E. Cosslett. (Brit. Jour. App!. Phys., vol. 3, 
pp. 137-139; May, 1952.) 

621.387.4(083.72)  3207 
Standards on Gas-Filled Radiation Counter 

Tubes: Definitions of Terms, 1952 —(Paoc. 
I.R.E., vol. 40, pp. 924-926; August, 1952.) 

621.387.4(083.74)  3208 
Standards on Gas-Filled Radiation Counter 

Tubes: Methods of Testing, 1952 —(Paoc. 
I.R.E., vol. 40, pp. 926-930; August, 1952.) 

621.387.422:621.385.2  3209 
Performance of Pulsed Photomultipliers — 

R. F. Post. (Nucleonics, vol. 10, pp. 46-50; 
May, 1952.) Report of investigations on se-
lected type 931A and type 1P21 tubes fed 
with pulses of duration up to 3s, the applied 
voltages corresponding to peak secondary emis-
sion with total amplification up to 10°. Short 
resolving times are obtained. Time dispersion 
effects are estimated. 

621.387.424  3210 
Geiger-Milller Counters— N.  Warmoltz. 

(Philips Tech. Rev., vol. 13, pp. 282-292; 
April, 1952.) The different possible ways of 
operating gas-filled tubes as counters of ioniz-
ing particles are discussed, and descriptions are 
given of recently developed types of G-M 
counter, the importance of the quenching gas 
being emphasized. 

621.387.462:549.211  3211 
The Texture of Diamonds used for Counting 

a, ft or 7 Particles as found from Divergent-
Beam X-Ray Photographs —H. J. Grenville-
Wells. (Proc. Phys. Soc. (London), vol. 65, 
pp. 313-320; May 1, 1952.) 

PROPAGATION OF WAVES 

621.396.11:523.4  3212 
Planetary Position Effect on Short- Wave 

Signal Quality —J. H. Nelson. (Elec. Eng, 
(N. Y.), vol. 71, pp. 421-424; May, 1952.) 
A.I.E.E. Winter  General  Meeting paper, 
January, 1952. Investigations extending over 
seven years indicate distinct correlation be-
tween the fading of sw transatlantic radio 
signals and certain planetary configurations in 
which the heliocentric angles differ by multiples 
of 90°. Typical configurations which were ac-
companied by severe fading are shown. A fore-
casting system based on planetary indications, 
solar  observations and  day-to-day signal 
analysis has given good service throughout 
1950 and 1951. See also of 1997 of 1951. 

621.396.11:550.38  3213 
Some Aspects of the Average Monthly 

Radio Propagation Conditions of the Circuit 
New York-Amsterdam during the Last Three 
Years, and their Relation with the Average 
Monthly Geomagnetic Activity and the Maxi-
mum Usable Frequency —B. van DijI and 1). 
van Sabben.  ( Tijdschr. med.  Radiogenoot., 
vol. 17, pp. 135-137; May, 1952.) Correlation 
is sought between graphs showing the mean 
monthly values from October 1949 to April 
1952 of (a) the percentage of hours lost, (b) 
the percentage of hours during which the K 
Index (at Witteveen) had a value of 4 or more, 
and (c) the lowest daily value of muf. Accord-
ing as the muf value is low or high, the number 
of hours lost is higher or lower than would be 
expected from the geomagnetic activity. It is 
noted that magnetic activity increased through-
out the period, though the sunspot maximum 
occurred 4-5 years before. 

621.396.11:621.317.353.3  3214 
Resonance in Gyro-interaction of Radio 

Waves—V. A. Bailey, R. A. Smith, K. Lan-
decker, A. J. Higgs and F. H. Hibberd. ( Nature 
(London) vol. 169, pp. 911-913; May 31, 
1952.) Experiments carried out in Australia 
during the past two years are described which 
have completely confirmed Bailey's theoretical 
predictions (2437 of 1937 and 9 of 1939). The 
gyro-wave A was radiated vertically from a 
horizontal antenna at Armidale, New South 
Wales, and the wanted wave B was radiated 
from Brisbane, Queensland, on 590 kcs with a 
power of 10 kw. The principal observations of 
B were made at Katoomba, New South Wales, 
Armidale being very nearly at the mid-point of 
the 740-km path from Brisbane to Katoomba. 
The pulse power of A was about 36 kw, fre-
quenc;es from 1255 to 1880 kc being used, the 
estimated gyro-frequency being about 1530 
kc. The results show that a notable degree of 
resonance occurs as the frequency of the dis-
turbing wave A passes through the gyro-
frequency. Both double-humped and single-
humped resonance curves were obtained. A 
detailed report of the investigations is to be 
published elsewhere. 

621.396.11.029.55  3215 
New Propagation Forecasts from W WV — 

(QST, vol. 36, p. 19; June, 1952.) From 1st 
July 1952, forecasts of sw radio disturbances 
will be broadcast from W WV on the standard 
frequencies 2.5, 5, 10, 15, 20 and 25 mc). The 
forecasts are prepared four times daily, and ate 
transmitted in code at 19.5 and 49.5 minutes 
past each hour. The letters N, V, W denote 
respectively the existing normal, unsettled, or 
disturbed conditions. The following number 
indicates on the N.B.S. scale the expected 
quality of future reception, 1 representing 
"impossible" and 9 "excellent." The forecasts 
refer only to North Atlantic paths, such as 
Washington to London or New York to Berlin. 

621.396.11.029.62/.64  3216 
Transmission beyond the Horizon at Fre-

quencies between 40 and 4000 Mc/s —(Bell 
Lab. Rec., vol. 30, pp. 245-246; June, 1952.) A 
short account of experimental results which 
show that the power received at points beyond 
the horizon is substantially independent of 
frequency, antenna height, and weather effects, 
and that the signal strength decreases much 
more slowly with increase of distance than the 
rapid decrease predicted from the classical 
smooth-earth theory. A fuller report is to be 
published. 

621.396.11.029.62  3217 
The Propagation of Ultrashort Waves be-

yond the Horizon, with Particular Reference to 
the Meteorological Influences —B. Abild, H. 
Wensien, E. Arnold and W. Schikorski. (Tech. 
Hausmitt. NordwInsch. Rdjunks, vol. 4, pp. 
85-100; May/June, 1952.) A study is made of 
the meteorological conditions in western Ger-

many causing ultrashort waves to be propa-
gated to abnormally great distances; both mean 
values and detailed variation of field strength 
are examined. Predictions from theory are 
compared with results of measurements re-
corded at a number of receiving stations. Previ-
ous investigations, e.g. 2580 of October (Abild), 
have indicated that field-strength fluctuations 
depend mainly on vapor pressure and tem-
perature in the lower troposphere. Probable 
secondary influences are turbulence in the 
lower atmosphere and variations of the state 
of the ground. 

621.396.11.029.64(442.6/.8)  3218 
Study of the Propagation of Centimetre 

Waves in Northern France—P. Chavance. 
(Ann. Telecommun., vol. 7, pp. 254-261; June, 
1952.) An account of investigations on wave-
lengths of 9.5 and 3.2 cm, using equipment de-
scribed previously (3115 of 1951 (Maillard, 
Voge and Chavance)J. The aim was to obtain 
statistical information on propagation over a 
76-km path with insufficient ground clearance. 
Seasonal and diurnal effects on signal strength 
and fading are shown graphically and discussed 
and records of typical fading effects are dis-
played and analyzed. 

621.396.81  3219 
Interpretation of High-Frequency C. W. 

Field-Intensity Records with the Aid of Simul-
taneous Pulse Data —R. Silberstein. Paoc. 
I.R.E., vol. 40, pp. 974-976; August, 1952.) 

RECEPTION 

621.396.62:061.4 3220 
Radio at the Paris Fair--(TSP el T V, vol. 

28, pp. 187-189; June, 1952.) Comment on the 
exhibits and classification of 133 receivers 
shown. 

621.396.621(083.74)(44) 3221 
French Standard C92-120 on  Battery-

Operated Receivers —Radionyme. (Toute la 
Radio, pp. 193-195; June, 1952.) Analysis of 
the specifications for receivers of different types, 
with an outline of test methods for sensitivity, 
selectivity, distortion, etc. 

621.396.8+621.396.1 3222 
Reception of Broadcasting from all over the 

World —Lhombreaud. (See 3228.) 

621.396.97:621.396.823:351.819 (44) 3223 
The New French Regulations for the Pro-

tection of Broadcasting against Interference 
at Industrial Origin—M. Adam. (Rev. gen. 
Elect., vol. 36, pp. 197-200; April, 1952.) 
Maximum permissible interfering voltages are 
specified for the long-, medium- and short-wave 
bands respectively. Methods of measuring 
such voltages are indicated. Apparatus must 
be fitted with suppressor devices before being 
offered for sale. 

STATIONS AND COM MUNICATION 
SYSTEMS 

621.39.001.11 3224 
Basic Communication  Theory—L. S. 

Schwartz. (Radio &  Telev.  News, Radio-
Ele arOniC Eng. Section, vol. 47, pp. 3-5, 28-30 
and 11-13; June and July, 1952.) A non-° 
mathematical presentation of the theory de-
veloped by Shannon, Wiener and others. 

621.39.001.11:519.21 3225 
Convexity and  Information—R.  Feron. 

Compt. Rend. Acad. Sci. (Paris), vol. 234, pp. 
1840-1841; May 5, 1952.) Proof is given that 
the necessary and sufficient condition that the 
gain of information should not be negative for 
any pair X Y of aleatory variables is that a 
certain function of the distribution function of 
Y should be a concave function. 

621.396.029.6  3226 
Radio Communication on Short Waves —H. 

KOppen. (NachrTech., vol. 2, pp. 136-139; 
May, 1952.) A short review of present-day 
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technical developments in communication on 
m, dm and cm waves, and of recent investiga-
tions of the practicability of using wave-
lengths in the range 25-100 m for communica-
tion in mines. 

621.396.1  3227 
Wavelength Problems in Telephony and 

Television Broadcasting —G. Pedersen. Tele-
teknik, Copenhagen, vol. 3, pp. 49-60; May, 
1952.) An outline is given of the principles 
governing the international allocation of wave-
lengths. The heavy bandwidth demands of 
television are discussed with special reference 
to the plans for television in Denmark. 

621.396.1:621.396.8  3228 
Reception of Broadcasting from all over the 

World—C. Lhombreaud. (TSF et TV, vol. 28, 
pp. Doc. tech. 1-3; April, 1952.) Report of a 
survey made in the light of the Copenhagen 
frequency allocation. This article is the first 
of a series giving station operating details and 
an indication of the quality of reception near 
Bordeaux, starting with European stations. 

621.396.4.029.53 3229 
Microwave Systems for 960 and 2000 

Mc/s —R. V. Rector and W. E. Sutter. Trans. 
Amer. IEE, vol. 69, part II, pp. 1100-1108; 
1950. Discussion, pp. 1108-1109.) In the 2-
kmc transmitter, 2-5 w output is obtained 
from a type-SRL-7c klystron rated at 10 w. 
Good frequency stability is obtained by accu-
rate voltage and temperature control. Pulse-
duration modulation is used and 24 channels 
are provided, each of which can give 18 two-
way control channels. The 960-mc transmitter 
provides 7 channels, each giving either two-
way voice communication or 18 two-way con-
trol channels. Block diagrams of both equip-
ments are given, with description and illustra-

tions. 

621.396.619.16 3230 
A System of Pulse-Code Modulation using 

Circulated Pulses —S. Fedida. (Electronic Eng., 
vol. 24, pp. 356-361; August, 1952.) A method 
is described for converting sample pulses into 
sequences of up to five on/off pulses which, 
when interpreted as digits in a binary system 
of units, reproduce the original information 
represented by the sample pulses. Two possible 
methods of decoding to derive the original 
within a prescribed tolerance are outlined. 

621.396.619.16: 621.396.4  3231 
Nonsynchronous Pulse Multiplex System — 

A. L. Hopper. (Electronics, vol. 25, pp. 116-120; 
August, 1952.) An experimental time-sharing 
multiplex system is described in which the 
inputs to the different transmitters are con-
verted to pam by sampling with random 
pulses, these AM pulses being converted to 
equal and opposite pulse pairs separated by a 
constant delay whose value is selected by means 
of a switch. This delay constitutes the identify-
ing characteristic at the receiver. The system 
can be used for rural radiotelephony and for 
communication between moving vehicles. It 
has the disadvantage that it is not economical 
of channel capacity, and would probably be 
useful for the transmission of intelligence 
rather than high-quality speech. 

621.396.619.16:621.396 .41  3232 
Electronic Pulse Systems for Telegraphy— 

G. Montessori. (Alta Frequenza, vol. 21, pp. 
77-101; April, 1952.) Synchronization, regener-
ation and channel separation are provided 
electronically in a time-division multiplex 
telegraphy system using ring distributors 
controlled by a frequency-stabilized pulse 
generator, the synchronizing signal being pro-
duced by modifying the regular pulse rhythm. 
The system has been used by the ltalcable Co. 
for high-speed telegraphy. 

621.396.651:621.396.43  3233 
Multiple-Channel Telephony on U.H.F. 

Radio Links —B. R. Tupper and P. B. Patton. 
(Paoc. I.R.E., vol. 40, pp. 913-916; August, 

1952.) 

621.396.65 : 621.396.43  3234 
Design Fundamentals for Beam Radio 

Systems —H. Werrmann. (Funk u. Ton, vol. 6, 
pp. 281-297; June, 1952. Correction, ibid., 
vol. 6, p. 380; July, 1952.) Discussion of the 
various factors which must be taken into 
account, including effects of normal attenua-
tion, ground proximity and operation beyond 
the optical range, antenna aperture and gain, 
interference and system noise, and the type of 
modulation to be used. 

621.396.65.029.6: 621.316.925: 621.311.1  3235 
Protective Relaying Systems using Micro-

wave Channels —H. W. Lensner. (Elec. Eng. 
(N. Y.), vol. 71, pp. 400-405; May, 1952.) 
A.I.E.E. Winter General Meeting paper, Janu-
ary, 1952. Several practical applications in 
power systems are outlined. 

621.396.65.029.63:1621.396.5+ 621 .317 .083 .7 
3236 

Microwave Radio Links of Bonneville 
Power Administration —S. Metzger, N. H. 
Gottfried and R. W. Hughes. (Elec. Commun., 
vol. 29, pp. 87-92; June, 1952.) Description of 
the FTL-10B 23-channel system now in 
operation. See also 1777 of 1951 (Stevens and 

Stringfield). 

621.396.72.029.62 
The Inauguration 

(Radio franc., no. 5, p. 
sw R/T transmissions 
from a central station 
amateurs. 

3237 
of F8 REF —J. Ferre. 
15; May, 1952.) Note of 
to be made twice weekly 
for the benefit of French 

621.396.8.029.53  3238 
Medium- Wave Broadcasting Coverage in 

the NWDR Area —G. Paulsen. (Tech. Haus-
mitt. Nordw asch. Rdfunks, vol. 4, pp. 101-110; 
May/June, 1952. Correction, ibid., vol. 4, p. 
141; July/August, 1952.) A resume is given of 
the theory of radio wave propagation and of 
transmission requirements for a satisfactory 
broadcasting service. Interference between 
transmissions on (a) common channels and (b) 
adjacent channels is discussed and the limiting 
values adopted by the N WDR for the ratio 
between wanted and unwanted signals in 
various cases are shown graphically. The 
principles of system planning to cover the 
greatest possible fraction of the population are 
discussed in relation to the area; about 70 per 
cent of the population is adequately served. 
The complementary uses of medium-wave and 
usw services are indicated. 

621.39.001.11  3239 
La Cyberratique-Theorie du Signal et de 

l'Information. (Book Reviewj —L. de Broglie 
(Ed.). Publishers: Editions de la Revue 
crOptique Theorique et Instrumentale, 1951, 
318 pp., 1600 fr. (Brit. Jour. App!. Phys., 
vol. 3, p. 133; April, 1952.) Papers presented 
at a conference at the Henri Poincare Institute, 
Paris, 1950. 

SUBSIDIARY APPARATUS 

621-526:621.313.281  3240 
Amplifying Dynamos: their Use in Servo-

mechanisms —G. Lehmann. (Bull. Soc. franc. 
Elect., vol. 2, pp. 198-209; April, 1952.) 

621.314.632:546.289  3241 
The New G-10 Germanium Dot Rectifier — 

T. J. Ferguson. (Radio 6' Telev. News, vol. 47, 
pp. 42-43; June, 1952.) Description and some 
performance figures of a rectifier unit suitable 
for supplying power to radio and television 
equipment. The G-10 is a series combination 
of two "button" rectifiers each consisting of a 

pellet of spectroscopically pure Ge, i-inch 
square, placed at the center of a metal dish 
sealed with butyl rubber and mounted on a 2-
inch-diameter metal cooling fin. Units are 
selected to ensure equal division of peak 
back voltage across the two associated recti-

fiers. 

621.314.634.012  3242 
Static and Dynamic Characteristic Curves 

for Selenium Rectifiers —I. Somos. (Elektro-
technika (Budapest), vol. 45, pp. 154-159; 
May, 1952.) Methods of measurement are 
described which give reproducible results. 

621.316.722.1:621.326  3243 
Incandescent  Lamp  Bulbs  in  Voltage 

Stabilizers —W. J. Cunningham. (Jour. App!. 
Phys., vol. 23, pp. 658-662; June, 1952.) An 
approximate analysis is made of the operation 
of lamps used as sources of reference voltage in 
ac stabilizers. The equivalent-circuit theory 
developed in 3026 above is used to determine 
the distortion due to the nonlinearity of the 
lamp I/V characteristic. The effects of changes 
of frequency and current are demonstrated. 

621.316.93  3244 
Lightning Protection since Franklin's Day 

— K. B. McEachron. (Jour. Frank. Inst., vol. 
253, pp. 441-470; May, 1952.) Historical 
account of the development of the various 
types of protective device in use today. 46 
references. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.5  3245 
Optimum Number of Lines and Screen 

Dimensions —P. Stroobants. (Television, no. 
23, pp. 113-117; May, 1952.) The lowest num-
ber of scanning lines N consistent with invisi-
bility of line structure in the television image 
is expressed in terms of the angular resolution 
of the eye and the ratio between the viewing 
distance (as selected naturally by average 
viewers) and the screen height h. Based on 
subjective judgments, curves are plotted show-
ing the variation of N with h for 95 per cent 
and for 100 per cent observer satisfaction. By 
reference to these curves line standards of 625, 
819 and >819 are shown to be appropriate 
respectively for receivers with screen diameters 
up to 22 cm, between 22 and 40 cm, and over 

40 cm. 

621.397.5:061.3(431.55)  3246 
Berlin Television Conference—(Funk u. 

Ton, vol. 6, pp. 258-264; May, 1952.) Sum-
maries are given of papers presented at the 
conference arranged by the Berlin-Charlotten-
burg Technical University, March 1952. 

621.397.5:535.623  3247 
Requisite Color Bandwidth for Simultane-

ous Color-Television Systems —K. McIlwain. 
(Paoc. I.R.E., vol. 40, pp. 909-912; August, 
1952.) Report of subjective tests, using both 
skilled and lay observers, to determine how 
far bandwidth can be reduced before picture 
reproduction becomes unsatisfactory. Under 
the particular test conditions described a 
band about 1 mc wide is sufficient for most 
color transmissions, provided a further band 
4 mc wide is available for transmitting the 
brightness detail. 

621.397.5:535.88:791.45  3248 
A Direct-Projection System for Theater 

Television —F. N. Gillette. (Jour. Soc. Mot. 
Pic. Telev. Eng., vol. 58, pp. 385-396; May, 
1952.) General description of the Simplex 
Model PB-600 for projecting a full-size tele-
vision picture on a theatre screen. The system 
combines simplicity in installation, convenience 
in maintenance and reliability in operation. 

621.397.5:621.396.712 3249 
The Lime Grove Television Studios of the 

British Broadcasting Corporation—(Engineer-
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noulli's method, the root-squaring method and 
the Newton-Raphson method. Quadratically 
convergent methods are found preferable to 
those less rapidly convergent. Examples are 
given. 

681.142: 621.3.042.143  3156 
Static  Magnetic  Matrix  Memory  and 

Switching Circuits—J. A. Rajcliman. (RCA 
Rev., vol. 13, pp. 183-201; June, 1952.) De-
scription of recent developments in this type 
of memory device. See also 2258 of September 
(Papian). 

MEASUREMENTS AND TEST GEAR 

531.76:621.3.015.7  3157 
The Use of a Pulse-Height Analyzer for 

Time-Interval Measurements—G. Jenssen and 
A. Sunde. (Physica, vol. 18, pp. 265-269; 
April, 1952.) Description of an instrument 
adapted from the pulse-height analyzer of El-
more and Sands (2007 of 1950). 

531.764.5 3158 
Development of a Clock whose Rate is Ac-

curately the Arithmetic Mean of the Rates of 
Several Clocks—B. Decaux, J. Lucas and 
V. Yanouchevsky. (Compt. Rend. Acad. Sc!., 
(Paris), vol. 234, pp. 2164-2165; May 26, 
1952.) Description of a method particularly 
applicable to quartz clocks. By a process of sim-
ple frequency mixing and division, a frequency 
is derived which is the exact arithmetic mean 
of the fundamental 100-kc nominal frequencies 
of several clocks, or of nominal frequencies of 
1 kc derived by frequency division. In the latter 
case a synchronous motor can then be used to 
drive mechanism for recording the mean time 
or operating seconds contacts. 

621.317.2(44):621.317.361  3159 
Recent Developments in the Frequency-

Measurement Department of the Laboratoire 
National  de Radioelectricite —B. Decaux. 
(Onsle elect., vol. 32, pp. 119-231; June, 1952.) 
An outline is given of the organization of the 
department and of its functions, with descrip-
tions of the meastirement equipment, including 
the  standard  oscillators  (installed  under-
ground), frequency meters up to 4 kmc, syn-
chronous  recording  drums,  beat-frequency 
counters, etc. A new microwave meter is to 
range up to 12 kmc. 

621.317.3:621.396.611.21  3160 
Measurement of the Parameters of a 

Quartz Crystal. Use of the Two-Circle Abac — 
J. Coulon. (Comp:. Rend. Acad. Sc!., (Paris), 
vol. 234, pp. 1965-1968; May 12, 1952.) Dis-
cussion of the application of an orthogonal 
system of circles to the determination of 
crystal parameters. See also 2549 and 2550 of 
October. 

621.317.3:621.396.822  3161 
Characteristics  of  Noises  and Noise 

Voltages—II. Bittel. (Z. angew. Phys., vol. 4, 
pp. 137-146; April, 1952.) The frequency 
spectrum of a noise voltage often gives insuf-
ficient data on the character of the noise; a 
knowledge of the statistical amplitude distri-
bution is required. In many practical cases this 
distribution is Gaussian. Deviations are due to 
non-overlapping of the voltage pulses; the fie-
quency characteristic of the transmission sys-
tem may contribute to this. The effect of the 
amplitude distribution on the rectification 
process is analyzed and measurement appara-
tus is described. For resistance and tube noise a 
Gaussian distribution is confirmed experi-
mentally. 

621.317.3.017.143:621.396.611.4  3162 
An Approximate Theory of the Cavity-

Resonator Method of Determining the Di-
electric Loss of Solids at Microwave Frequen-
cies—S. K. Chatterjee. (Jour. Indian Inst. 
Sci., vol. 34, pp. 43-49; April, 1952.) The field 

equations for a cylindrical cavity resonator and 
the perturbation formula due to Bettie and 
Schwinger are applied to the calculation of the 
real and imaginary parts of the generalized di-
electric constant of a small sample of solid 
dielectric rod introduced into the resonator. 
The loaded Q of the cavity is determined from 
the field equations and the Poynting vector. 

621.317.3.029.5/.6 3163 
High-Frequency Measurement Technique 

— W. Druey. (Tech. Alit:. schweiz. Telegr.-
TelephVerw., vol. 30, pp. 50-56; February I, 
1952. In German.) Reprint. See 1954 of August. 

621.317.32:537.221 3164 
Measurement of the Volta Effect —R. Bou-

lion. (AnPs. Phys., (Paris), vol. 7, pp. 360-395; 
May/June, 1952.) Investigation of the sources 
of error in contact-potential measurements re-
sulted in the development of a reliable meth-
od, a detailed account of which is given, in-
cluding a description of the technique for ob-
taining the very high vacuum necessary to 
obtain consistent results. Values obtained for 
the contact emf for a layer of Cu condensed on 
a W wire are discussed in relation to results 
published by other investigators. See also 1885 
of August. 

621.317.331.029.51:621.316.993 3165 
The Value of H.F. Measurements on 

Lightning-Protection Earths— W. Balla. (Lick-
:et/tech. u. Maschinenb., vol. 69, pp. 140-146; 
March 15, 1952.) Discussion indicates that lif 
measurements on earthing systems supply lit-

tle additional information to that furnished by 
measurements with a If bridge. 

621.317.335.3:518.4 3166 
The Computation of Dielectric Constants --

R. M. Redlieffer, R. C. Wildman ilia] X'. 
O'Gorman. (Jour. App!. Phys., vol. 23, pp. 
505-508; May, 1952.) Charts are provided 
which enable the complex dielectric constant 
to be determined for any type of sample from 
measurements by the shorted-line method. 

621.317.335.3:621.316.726  3167 
A Frequency  Stabilization System for 

Microwave Gas Dielectric Measurements — 
W. F. Gabriel. (Paoc. I.R.E., vol. 40, pp. 940-
945; August, 1952.) In a method based on ob-
serving the shift of resonance frequency of a 
cavity when filled with the gas, the frequency 
of the klystron oscillator used is automatically 
controlled by means of a double-loop servo 
system. One loop is of the type described by 
Pound (1311 of 1948) and the other of the 
type described by Rideout (276 of 1948). The 
value of (n-1), where n is the refractive index, 
can be obtained accurate to three or four sig-
nificant figures. 

621.317.336:621.315.212  3168 
The Sweep-Frequency Response of RG-6U 

IcableJ —W. T. Blackband. (Paoc. IRE., vol. 
40, pp. 995-996; August, 1952.) A discussion 
of the causes of frequency dependence and ir-
regularity of the measured characteristic im-
pedance noted by Alsberg (728 of April). 

621.317.34:621.315.212 3169 
Measurement of the Attenuation and Char-

acteristic Impedance of Transmission Lines. 
Tests on Coaxial Cables—P. lIontoy. (12F, 
(Brussels), vol. 2, no. 2, pp. 35-46; 1952.) A 
method of measurement applicable to all uni-
form line is described. If a line has a variable 
purely reactive termination, the locus, in the 
complex plane, of its input impedance is a 
circle whose position and radius are functions 
of the attenuation and characteristic imped-
ance. The matheniatical theory of the method 
makes use of the properties of certain trans-
formations in the complex plane. The necessary 
formulas are established for the representation 
in cartesian coordinates and in Smith's dia-
gram. Tests on coaxial cables for a very large 

range of frequencies gave attenuation values 
in good agreement with wattmeter measure-
ments. 

621.317.35.029.3  3170 
Gated Amplifier Wave Analyzer—V. R. 

Nelson. (Electronics, vol. 24, pp.  136-139; 
August, 1952.) Description of an instrument 
giving a direct-reading quantitative indication 
of the spectral components of complex af 
waveforms. The waveform under test and 
gating pulses from a variable-frequency multi-
vibrator ale led to an amplifier having in its 
output , it, tut a meter whose deflection varies 
as a fund 1,11 of the phase difference between 
the two inputs. 

621.317.351:534.442.2  3171 
Some Problems in Audio-Frequency Spec-

trum Analysis—S. V. Soanes. (Electronic Eng., 
vol. 24, pp. 268-270 and 312-318; June and 
July, 1952.) Theory is presented for analyzers 
of the type using a fixed-frequency filter and 
a swept-frequency heterodyne oscillator. A de-
scription is given of a double-heterodyne ana-
lyzer for general laboratory use covering the 
working range 20 cps-20 kc; the useful range 
of input voltage is 1 mv-300 v, the sweep fre-
quency is variable between 0.1 cps and 30 
cps and the filter bandwidth is variable be-
tween 10 cps and 500 cps. The response is dis-
played on a long-persistence cr tube. 

621.317.361  3172 
A Recording  Frequency  Comparator— 

R. Walter and IL Voigt. (Tech. Ilausmiit. 
Nordw Thsch. Rdfunks, vol. 4, pp. 111-114; 
May/June, 1952.) special heterodyne method 
is described in which a sawtooth oscillation of 
the one frequency is multiplicatively mixed in 
a pentode with pulses repeated at the other 
frequency; the resulting beat has a sawtooth 
form, enabling the direction of frequency devi-
ation to be recognized immediately. A practical 
arrangement is illustrated in which several 
oscillators can be compared simultaneously 
with the same reference oscillator, the results 
being recorded on a single paper-strip chart. 

621.317.361.029.6  3173 
Frequency Measurement in the Micro-

wave Range —B. Koch. (Arch. tech. Ale.,,en, 
no. 196, pp. 111-116; May, 1952.) Review of 
different methods and apparatus, including 
wavemeter methods, direct heterodyne nwt h-
ods and others involving frequency multiplica-
tion. A list of 64 NH, absorption lines between 
19 and 40 kmc is given. 47 references. 

621.317.444.087 3174 
A Recording Fluxmeter of High Accuracy 

and Sensitivity—P. P. Cioffi. (Bell Lab. Rec., 
vol. 30, pp. 247-251; June, 1952.) Description 
of an instrument which plots magnetization 
curves and major and minor hysteresis loops 
of ring and bar samples on standard coordinate 
paper. 

621 .317 .7:53 7.311.33:621.315.592  3175 
Apparatus for Electrical Measurements on 

Semi-conductors —II.  K.  llenisch and J. 
Ewels. (Research (London), vol. 5, pp. 235-
237; May, 1952.) Description of apparatus 
facilitating measurements over a wide tem-
perature range and in controlled gas atmos-
pheres; it is intended mainly for dc operation. 
Experiments have been made on Se, Ge and 
TiO2; typical results are given. 

621.317.715 
3176 

Integrating and Other Galvanometers— 
A. H. Liebb. (Jour. Sci. Instr., vol. 29, pp. 105-
1 11; April, 1952.) The theory, design and con-
struction are discussed of an integrating gal-
vanometer with a free period of 80 seconds. 
The damping/control ratio is large enough to 
enable measurement of the change of flux 
through an exploring coil of considerable re-
sistance connected in series, even though the 
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flux change may take several minutes. The 
small degree of control is achieved by attaching 
a magnetized needle to the upper end of a 
glass tube whose lower end is secured to the 
moving-coil system, the needle being located in 

l• an auxiliary field of opposite polarity to that 
! of the needle. The effect of shunting the in-
tegrating galvanometer is examined and the 
theory confirmed experimentally. 

621.317.723  3177 
A Mechanically Astatized Leaf Electrome-

ter—H. W. Lilcking. (Z. angew. Phys., vol. 4, 
pp. 169-173; May, 1952.) The instrument de-
scribed is some hundreds of times more sensi-
tive than earlier types of leaf electrometer, as 
a result of (a) the astatization, and (b) arrang-
ing the direction of electric force to coincide 
with the gravitational force. Both direct and 
hf voltages can be measured. 

621.317.725:621.318.572  3178 
Anodige: a Discrete-Digit Voltage-Indi-

cating Device —( Tech. Bull. Nat. Bur. Stand., 
vol. 36, pp. 70-71; May, 1952.) Description of 
equipment which measures continuously vari-
able voltages and indicates their values on a 
digital panel or records them on a strip of elec. 
tro-sensitive paper. Essentially the instrument 
consists of an electronic counter which counts 
the number of equal increments of charge re-
quired to raise the terminal voltage of a ca-
pacitor up to the value of the unknown voltage. 
400 readings per second are possible with the 
present model, but this can easily be increased. 

621.317.729 3179 
Electrolyte Tank with Automatic Recording 

of Equipotential Lines— H. Schmid'. (Electro-
tech. U. Maschinenb., vol. 69, pp. 155-161; 
April 1, 1952. 

621.317.733:621.316.8.011.6  3180 
A Precision Bridge for Determination of 

Time Constants of Resistors for Measurement 
Apparatus —E. Blechschmidt. (Elektrotechnik 
(Berlin), vol. 6, pp. 199-202; May, 1952.) 
Description of a bridge, developed by G. 
Zickner at the German Office of Weights and 
Measures, for measurement of the time con-
stants of resistors in the range li1-100ka The 
phase shift due to the time constant of the re-
sistor under test is compensated by means of a 
special capacitor in parallel with one arm. The 
actual evaluation of the time constant is ef-
fected by a substitution method, stretched 
twin wires, screened or unscreened, serving as 
time-constant standards for resistance values 
up to 101cil, and screened carbon-film re-
sistors for values from 10kil to 100kfl. 

621.317.75.029.4  3181 
Applications of the Muirhead-Pametrada 

Wave Analyser Type D-489: Part 1—Aircraft-
Engine Research —B. D. Banks. ( Mziirhead 
Technique, vol. 6, pp. 11-14; April, 1952.) An 
instrument of the tuned-filter type for measur-
ing amplitude and frequency of any component 
of a complex wave. Frequency range is 19 cps-
21 kc. Percentage frequency accuracy is high 
and constant at all frequencies. In vibration 
measurements described, a resistance strain 
gauge or moving-coil pickup is used. 

621.317.75.029.42  3182 
Adapting the Wave Analyser for Very-Low-

Frequency Measurements —( Muirhead Tech-
nique, vol. 6, pp. 15-16; April, 1952.) Descrip-
tion of a mains-operated ring-modulator unit 
extending the range of the Type D-489 ana-
lyzer (3181 above) down to 2 cps. A RC filter 
in a selective feedback circuit provides 40-db 
attenuation above 100 cps for suppressing 
unwanted frequencies. 

621.317.755:531.765  3183 
Circular-Sweep Chronograph for Single 

Millisecond  Time  Intervals —A.  Linz, Jr. 
(Nev. Sci. hasty., vol. 23, pp. 199-203; May, 
1952.) Description, with circuit details, of 

equipment comprising (a) a scaling-circuit in-
terval timer driven by a 100-kc frequency 
standard, and (b) a cro with a 10-as circular 
sweep driven from the same standard. The scal-
ing circuit measures the interval between two 
electrical signals to within 10 as, readings on 
the cro being used for interpolation to within 
10 mas. Suitable pulse-sharpening circuits and 
a high-speed gate circuit are also described. 

621.317.755:621.314.7.012  3184 
Display of Transistor Characteristics on 

the  Cathode-Ray  Oscillograph —G.  B.  B. 
Chaplin. (Jour. Sci. lusty., vol. 29, pp. 142-
145; May, 1952.) Pulse and step waves are 
generated and applied to the grids of two 
cathode-follower circuits, the outputs from 
which are fed to the appropriate transistor 
electrodes. Any of the following families of 
characteristics can then be displayed: (a) le 
against V, or V., with /, as parameter; (b) 
I, against V, or Ve, with I. as parameter, 
where e and c denote emitter and collector re-
spectively. The equipment is designed for 
testing n-type transistors; the modifications 
necessary for p-type transistors are indicated. 

621.317.78.029.64  3185 
Arrangement for the  Measurement of 

High Powers at Microwave Frequencies — 
S. Giustini and R. Tozzi. (Alta Frequenza, 
vol. 21, pp. 67-76; April, 1952.) Description 
of a calorimetric arrangement which has prac-
tically no energy losses and has a measurement 
range up to some hundreds of watts with an 
error <6 per cent. 

621.317.79+621.396.933.23  318.0 
Airborne Receivers and Test Gear for In-

strument Landing Systems —Overbury. (See 
3098.) 

621.317  3187 
Electrical Measurements. (Book Reviewl — 

F. K. Harris. Publishers: J. Wiley & Sons, New 
York, 784 pp., $8.00. (Tech. Bull. Not. Bur. 
Stand., vol. 36, p. 79; May, 1952.)  Basic in-
strument theory is thoroughly discussed, and 
direct-current and . low-frequency measure-
ments are covered in detail." 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

531.719.33  3188 
The F.R.B. Servo-Gauge —Bonhomme and 

Droin. (E/ectronique (Paris), no. 66, pp. 30-35; 
May, 1952.) Equipment is described for meas-
uring the depth of liquids and signaling the 
result to a remote point. The principle of opera-
tion is to arrange just above and just below the 
surface of the liquid a pair of "feelers" attached 
to a vertical metal strip which is driven up or 
down by a servomechanism according as the 
liquid level rises or falls. 

534.321.9:539.32  3189 
A Simple Method for Measurement of 

Elastic Constants, using Ultrasonic Pulses — 
A. Lutsch. (Z. angew. Phys., vol. 4, pp. 166-
'68; May, 1952.) The velocities of waves 
propagated longitudinally and transversely in 
a medium are determined in a single operation. 
The piezoelectric generator/detector is of the 
type used for nondestructive testing. and the 
cro display is self-calibrated. 

534.321.9:672.8  3190 
Cleaning Work with the Aid of Ultrasonic 

Vibration—C. R. Fay. (Machinery, London), 
vol. 80, pp. 853-855; May 15, 1952.) Descrip-
tion of a machine in which small metal parts are 
cleaned by ultrasonic agitation of a solution 
in which they are immersed. A quartz resona-
tor with a natural frequency of 750 kc is used. 

621-57:621.318  3191 
Magnetic-Powder Clutch—O. Grebe. (Elec. 

',Mech. Z., vol. 73, pp. 281-284; May 1, 1952.) 
Discussion of operating torque characteristics 

and description of typical equipment made by 
Elektro-Mechanik G.m.b.H. 

621.316.7  3192 
Control Technique —(Eleinrolech. Z., vol. 

73, pp. 181-251; April 1, 1952.) A symposium 
of papers dealing with numerous aspects and 
applications of electrical control equipment. 

621.365.54t  3193 
Equipment for Inductive Surface Harden-

ing —K. Kegel. (Z. Ver. disc/a. Ing., vol. 94, pp. 
331-338; April 21, 1952.) Review of general-
purpose and special-purpose equipment and 
discussion of power requirements for specified 
hardening depths. 

621.365.54/.55t  3194 
Radio-Frequency Heating—(Brown Boveri 

Rev., vol. 38, pp. 315-371; November, 1951.) 
A collection of papers describing equipment for, 
and methods and applications of rf heating. 

621.38:529.78  3195 
Applications of Electronics to the Control 

of the Rate of Watches and Clockwork Move-
ments—J.  Dusailly.  (glectronique  (Paris), 
no. 67, pp. 10-15; June, 1952.) Description of 
equipment giving a record on a paper band of 
the rate of a watch or clock movenient relative 
to a standard frequency derived from a quartz-
crystal oscillator. Each tick of the watch serves 
to initiate a hv spark which perforates and 
blackens the paper. 

621.383.001.8  3196 
Amplification of Light-Intensity Fluctuations 

by  means  of  Photoconductive  Cells —M. 
Ploke. (Funk u. Ton, vol. 6, pp. 305-310; 
June, 1952.) Discussion of the use of PbS and 
CdS photocells, which have definite advan-
tages over Se and TI cells as regards sensitivity. 

621.384.611.2t  3197 
Synchrotron—Please note that 621.364.612 

will be used in future for synchrotrons in place 
of 621.384.611.2t used hitherto. 

621.384.612:621.311.6  3198 
The Bevatron Power Plant —J. V. Kresser. 

(Elec. Eng. (N. Y.), vol. 71, pp. 338-343; 
April, 1952.) Description of the power-supply 
arrangements for the bevatron at the Univer-
sity of California. 

621.384.62  3199 
Expression for the Electromagnetic Field 

in Linear Ion  Accelerators —M.  Bernard. 
(Compt. Rend. Acad. Sci. (Paris), vol. 234, 
pp. 1862-1865; May 5, 1952.) A solution of 
Maxwell's equations is obtained for a semi-
infinite cylinder excited by application of a dif-
ference of potential between the cylinder and 
a metal diaphragm across its end. 

621.384.62  3200 
Numerical Calculation of the Electromag-

netic Field in Linear Ion  Accelerators — 
M. Bernard. (Cons/fl. Rend. Acad. Sci. (Paris), 
vol. 234, pp. 2175-2178; May 26, 1952.) The 
series previously given for the field are in gen-
eral difficult to evaluate numerically. Simple 
approximate formulas for the field on the axis 
are derived. 

621.384.62  3201 
Application of the W.B.K. Method to the 

Dynamics of Linear Accelerators —M. Hoyaux. 
(Rev. Sci. lusty., vol. 23, pp. 173-175; April, 
1952.) The dynamics of "small motions" in a 
linear accelerator is studied for conditions as 
general as possible. It is concluded that heavy 
particles cannot be accelerated up to the 109-
ev range by any practical combination of TM 
and/or TE traveling and/or stationary waves. 
Several methods are, however, possible for 
electrons. 

621.385.833  3202 
An Approximation Method for the Sinuous 

Trajectories of,Highly:.Convergent [electron) 
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Lenses—F. Bertein. (Jour. Phys. Radium, 
vol. 13, p. 309; May, 1952.) 

621.385.833  3203 
Study of an Electron Lens by the W.K.B. 

Method —C. Muscia. (R.C. Acta& naz. Lincei, 
vol. 12, pp. 575-582; May, 1952.) 

621.385.833 3204 
Electronoptical Velocity Filters— M. Schie-

kel. (Optik, vol. 9, no. 4, pp. 145-153; 1952.) 
Chromatic aberration in the electron micro-, 
scope can be reduced by use of a unipotential 
lens with a negative middle electrode as a 
velocity filter for the electrons scattered in-
elastically at the object. The image-forming 
properties of such filters are calculated for dif-
ferent potential distributions. The optimum 
resolving power is 110A. 

• 
621.385.833:061.3  3205 

The Fourth Annual Convention of the Ger-
man Association for Electron Microscopy, 
Tfibingen, 6th-8th June 1952 —(Optik, vol. 9, 
no. 4, pp. 189-192; 1952.) Titles are given of 
all the papers presented. 

621.385.833:061.3  3206 
Report of Conferences on Electron Micros-

copy, Washington and Philadelphia 1951 — 
V. E. Cosslett. (Brit. Jour. App!. Phys., vol. 3, 
pp. 137-139; May, 1952.) 

621.387.4(083.72) 3207 
Standards on Gas-Filled Radiation Counter 

Tubes: Definitions of Terms, 1952 —(Pacoc. 
I.R.E., vol. 40, pp. 924-926; August, 1952.) 

621.387.4(083.74)  3208 
Standards on Gas-Filled Radiation Counter 

Tubes: Methods of Testing, 1952 —(Psoc. 
I.R.E., vol. 40, pp. 926-930; August, 1952.) 

621.387.422:621.385.2  3209 
Performance of Pulsed Photomultipliers — 

R. F. Post. (Nucleonics, vol. 10, pp. 46-50; 
May, 1952.) Report of investigations on se-
lected type 931A and type 1P21 tubes fed 
with pulses of duration up to 3i.cs, the applied 
voltages corresponding to peak secondary emis-
sion with total amplification up to 100. Short 
resolving times are obtained. Time dispersion 
effects are estimated. 

621.387.424  3210 
Geiger-Muller  Counters —N. Warmoltz. 

(Philips Tech. Rev., vol. 13, pp. 282-292; 
April, 1952.) The different possible ways of 
operating gas-filled tubes as counters of ioniz-
ing particles are discussed, and descriptions are 
given of recently developed types of G-M 
counter, the importance of the quenching gas 
being emphasized. 

621.387.462:549.211  3211 
The Texture of Diamonds used for Counting 

a, 13 or 1, Particles as found from Divergent-
Beam X-Ray Photographs— H. J. Grenville-
Wells. (Proc. Phys. Soc. (London), vol. 65, 
pp. 313-320; May 1, 1952.) 

PROPAGATION OF WAVES 

621.396.11:523.4  3212 
Planetary Position Effect on Short- Wave 

Signal Quality —J. H. Nelson. (Elec. Eng., 
(N. Y.), vol. 71, pp. 421-424; May, 1952.) 
A.I.E.E. Winter  General Meeting  paper, 
January, 1952. Investigations extending over 
seven years indicate distinct correlation be-
tween the fading of sw transatlantic radio 
signals and certain planetary configurations in 
which the heliocentric angles differ by multiples 
of 90°. Typical configurations which were ac-
companied by severe fading are shown. A fore-
casting system based on planetary indications, 
solar  observations and  day-to-day signal 
analysis has given good service throughout 
1950 and 1951. See also of 1997 of 1951. 

621.396.11:550.38 3213 
Some Aspects of the Average Monthly 

Radio Propagation Conditions of the Circuit 
New York-Amsterdam during the Last Three 
Years, and their Relation with the Average 
Monthly Geomagnetic Activity and the Maxi-
mum Usable Frequency —B. van DijI and D. 
van Sabben. ( Tijdschr. ned.  Radiogenool., 
vol. 17, pp. 135-137; May, 1952.) Correlation 
is sought between graphs showing the mean 
monthly values from October 1949 to April 
1952 of (a) the percentage of hours lust, (h) 
the percentage of hours during which the K 
index (at Witteveen) had a value of 4 or more, 
and (c) the lowest daily value of ma. Accord-
ing as the muf value is low or high, the number 
of hours lost is higher or lower than would be 
expected from the geomagnetic activity. It is 
noted that magnetic activity increased through-
out the period, though the sunspot maxim um 
occurred 4-5 years before. 

621.396.11:621.317.353.3  3214 
Resonance in Gyro-interaction of Radio 

Waves —V. A. Bailey, R. A. Smith, K. Lan. 
decker, A. J. Higgs and F. H. Hibberd. ( Nature 
(London) vol. 169, pp. 911-913; May 31, 
1952.) Experiments carried out in Australia 
during the past two years are described which 
have completely confirmed Bailey's theoretical 
predictions (2437 of 1937 and 9 of 1939). The 
gyro-wave A was radiated vertically from a 
horizontal antenna at Armidale, New South 
Wales, and the wanted wave B was radiated 
from Brisbane, Queensland, on 590 kcs with a 
power of 10 kw. The principal observations of 
B were made at Katoomba, New South Wales, 
Armidale being very nearly at the mid-point of 
the 740-km path from Brisbane to Katoomba. 
The pulse power of A was about 36 kw, fre-
quencies from 1255 to 1880 kc being used, the 
estimated gyro-frequency being about 1530 
kc. The results show that a notable degree of 
resonance occurs as the frequency of the dis-
turbing wave A passes through the gyro-
frequency. Both double-humped and single-
humped resonance curves were obtained. A 
detailed report of the investigations is to be 
published elsewhere. 

621.396.11.029.55 3215 
New Propagation Forecasts from W WV — 

(QST, vol. 36, p. 19; June, 1952.) From 1st 
July 1952, forecasts of sw radio disturbances 
will be broadcast from W WV on the standard 
frequencies 2.5, 5, 10, 15, 20 and 25 mc). The 
forecasts are prepared four times daily, and ale 
transmitted in code at 19.5 and 49.5 minutes 
past each hour. The letters N, V, W denote 
respectively the existing normal, unsettled, or 
disturbed conditions. The following number 
indicates on the N.B.S. scale the expected 
quality of future reception, 1 representing 
"impossible" and 9 'excellent." The forecasts 
refer only to North Atlantic paths, such as 
Washington to London or New York to Berlin. 

621.396.11.029.62/.64  3216 
Transmission beyond the Horizon at Fre-

quencies between 40 and 4000 Mc/s —(Bell 
Lab. Rec., vol. 30, pp. 245-246; June, 1952.) A 
short account of experimental results which 
show that the power received at points beyond 
the horizon is substantially independent of 
frequency, antenna height, and weather effects, 
and that the signal strength decreases much 
more slowly with increase of distance than the 
rapid decrease predicted from the classical 
smooth-earth theory. A fuller report is to be 
published. 

62L396.11.029.62  3217 
The Propagation of Ultrashort Waves be-

yond the Horizon, with Particular Reference to 
the Meteorological Influences —B. Abild, H. 
Wensien, E. Arnold and W. Schikorsld. (Tech. 
Hausmitt. NordwDtsch. Rdfunks, vol. 4, pp. 
85-100; May/June, 1952.) A study is made of 
the meteorological conditions in western Ger-

many causing ultrashort waves to be propa-
gated to abnormally great distances; both mean 
values and detailed variation of field strength 
are examined. Predictions from theory are 
compared with results of measurements re-
corded at a number of receiving stations. Previ-
ous investigations, e.g. 2580 of October (Abild), 
have indicated that field-strength fluctuations 
depend mainly on vapor pressure and tem-
perature in the lower troposphere. Probable 
secondary influences are turbulence in the 
lower atmosphere and variations of the state 
of the ground. 

621.396.11.029.64(442.6/.8)  3218 
Study of the Propagation of Centimetre 

Waves in Northern France—P. Chavance. 
(Ann. Telecommun., vol. 7, pp. 254-261; June. 
1952.) An account of investigations on wave-
lengths of 9.5 and 3.2 cm, using equipment de-
scribed previously 13115 of 1951 (Maillard, 
Voge and Chavance)]. The aim was to obtain 
statistical information on propagation over a 
76-km path with insufficient ground clearance. 
Seasonal and diurnal effects on signal strength 
and fading are shown graphically and discussed 
and records of typical fading effects are dis-
played and analyzed. 

621.396.81  3219 
Interpretation of High-Frequency C. W. 

Field-Intensity Records with the Aid of Simul-
taneous Pulse Data —R. Silberstein. Paoc. 
ER.E., vol. 40, pp. 974-976; August, 1952.) 

RECEPTION 

621.396.62:061.4 3220 
Radio at the Paris Fair —(TSF et TV, vol. 

28, pp. 187-189; June, 1952.) Comment on the 
exhibits and classification of 133 receivers 
shown. 

621.396.621(083.74)(44)  3221 
French Standard C92-120 on Battery-

Operated Receivers —Radionyme. (Toute Is 
Radio, pp. 193-195; June, 1952.) Analysis of 
the specifications for receivers of different types, 
with an outline of test methods for sensitivity, 
selectivity, distortion, etc. 

621.396.8+621.396.1  3222 
Reception of Broadcasting from all over the 

World —Lhombreaud. (See 3228.) 

621.396.97:621.396.823:351.819 (44) 3223 
The New French Regulations for the Pro-

tection of Broadcasting against Interference 
a Industrial Origin —M. Adam. (Rev. gen. 
Elect., vol. 36, pp. 197-200; April, 1952.) 
Maximum permissible interfering voltages are 
specified for the long-, medium- and short-wave 
bands respectively. Methods of measuring 
such voltages are indicated. Apparatus must 
be fitted with suppressor devices before being 
offered for sale. 

STATIONS AND COM MUNICATION 
SYSTEMS 

621.39.001.11 3224 
Basic Communication  Theory—L.  S. 

Schwartz. (Radio 8r'  Tekv.  News,  Radio-
Electronic Eng. Section, vol. 47, pp. 3-5, 28-30 
and 11-13; June and July, 1952.) A non-
mathematical presentation of the theory de-
veloped by Shannon, Wiener and others. 

621.39.001.11:519.21 3225 
Convexity and  Information—R.  Feron. 

Comps. Rend. Acad. Sci. (Paris), vol. 234, pp. 
1840-1841; May 5, 1952.) Proof is given that 
the necessary and sufficient condition that the 
gain of information should not be negative for 
any pair XI of aleatory variables is that a 
certain function of the distribution (unction of 
Y should be a concave function. 

621.396.029.6  3226 
Radio Communication on Short Waves —H. 

Koppen. (NachrTech., vol. 2, pp. 136-139; 
May, 1952.) A short review of present-day 
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technical developments in communication on 
m, dm and cm waves, and of recent investiga-
tions of the practicability of using wave-
lengths in the range 25-100 m for communica-
tion in mines. 

621.396.1 3227 
Wavelength Problems in Telephony and 

Television Broadcasting —G. Pedersen. Tele-
teknik, Copenhagen, vol. 3, pp. 49-60; May, 
1952.) An outline is given of the principles 
governing the international allocation of wave-
lengths. The heavy bandwidth demands of 
television are discussed with special reference 
to the plans for television in Denmark. 

621.396.1:621.396.8  3228 
Reception of Broadcasting from all over the 

World —C. Lhombreaud. (TSF et TV, vol. 28, 
pp. Doc. tech. 1-3; April, 1952.) Report of a 
survey made in the light of the Copenhagen 
frequency allocation. This article is the first 
of a series giving station operating details and 
an indication of the quality of reception near 
Bordeaux, starting with European stations. 

621.396.4.029.53 3229 
Microwave Systems for 960 and 2000 

Mc/s —R. V. Rector and W. E. Sutter. Trans. 
Amer. 1EE, vol. 69, part II, pp. 1100-1108; 
1950. Discussion, pp. 1108-1109.) In the 2-
kmc transmitter, 2-5 w output is obtained 
from a type-SRL-7c klystron rated at 10 w. 
Good frequency stability is obtained by accu-
rate voltage and temperature control. Pulse-
duration modulation is used and 24 channels 
are provided, each of which can give 18 two-
way control channels. The 960-mc transmitter 
provides 7 channels, each giving either two-
way voice communication or 18 two-way con-
trol channels. Block diagrams of both equip-
ments are given, with description and illustra-
tions. 

621.396.619.16  3230 
A System of Pulse-Code Modulation using 

Circulated Pulses —S. Fedida. (Electronic Eng, 
vol. 24, pp. 356-361; August, 1952.) A method 
is described for converting sample pulses into 
sequences of up to five on/off pulses which, 
when interpreted as digits in a binary system 
of units, reproduce the original information 
represented by the sample pulses. Two possible 
methods of decoding to derive the original 
within a prescribed tolerance are outlined. 

621.396.619.16: 621.396.4  3231 
Nonsynchronous Pulse Multiplex System— 

A. L. Hopper. (Electronics, vol. 25, pp. 116-120; 
August, 1952.) An experimental time-sharing 
multiplex system is described in which the 
inputs to the different transmitters are con-
verted to pam by sampling with random 
pulses, these AM pulses being converted to 
equal and opposite pulse pairs separated by a 
constant delay whose value is selected by means 
of a switch. This delay constitutes the identify-
ing characteristic at the receiver. The system 
can be used for rural radiotelephony and for 
communication between moving venicles. It 
has the disadvantage that it is not economical 
of channel capacity, and would probably be 
useful for the transmission of intelligence 
rather than high-quality speech. 

621.396.619.16: 621.396.41  3232 
Electronic Pulse Systems for Telegraphy— 

G. Montessori. (Alta Frequenza, vol. 21, pp. 
77-101; April, 1952.) SynchroniAation, regener-
ation and channel separation are provided 
electronically in a time-division multiplex 
telegraphy system  using ring distributors 
controlled by a frequency-stabilized pulse 
generator, the synchronizing signal being pro-
duced by modifying the regular pulse rhythm. 
The system has been used by the Italcable Co. 

for high-speed telegraphy. 

621.396.651:621.396.43  3233 
Multiple-Channel Telephony on U.H.F. 

Radio Links —B. R. Tupper and P. B. Patton. 
(PROC. I. R. E., vol. 40, pp. 913-916; August, 
1952.) 

621.396.65:621.396.43 3234 
Design Fundamentals for Beam Radio 

Systems —H. Werrmann. (Funk u. Ton, vol. 6, 
pp. 281-297; June, 1952. Correction, ibid., 
vol. 6, p. 380; July, 1952.) Discussion of the 
various factors which must be taken into 
account, including effects of normal attenua-
tion, ground proximity and operation beyond 
the optical range, antenna aperture and gain, 
interference and system noise, and the type of 
modulation to be used. 

621.396.65.029.6: 621.316.925: 621.311.1  3235 
Protective Relaying Systems using Micro-

wave Channels— H. W. Lensner. (Elec. Eng. 
(N. Y.), vol. 71, pp. 400-405; May, 1952.) 
A.I.E.E. Winter General Meeting paper, Janu-
ary, 1952. Several practical applications in 
power systems are outlined. 

621.396.65.029.63:[621.396.5+621.317.083.7 
3236 

Microwave Radio Links of Bonneville 
Power Administration—S. Metzger, N. H. 
Gottfried and R. W. Hughes. (Elec. Commun., 
vol. 29, pp. 87-92; June, 1952.) Description of 
the FTL-10B 23-channel system  now in 
operation. See also 1777 of 1951 (Stevens and 
Stringfield). 

621.396.72.029.62 
The Inauguration 

(Radio franc., no. 5, p. 
sw R/T transmissions 
from a central station 
amateurs. 

3237 
of F8 REF —J. Ferse. 
15; May, 1952.) Note of 
to be made twice weekly 
for the benefit of French 

621.396.8.029.53 3238 
Medium- Wave Broadcasting Coverage in 

the NWDR Area —G. Paulsen. (Tech. Hans-
mitt. NordwDisch. Rdfunks, vol. 4, pp. 101-110; 
May/June, 1952. Correction, ibid., vol. 4, p. 
141; July/August, 1952.) A résumé is given of 
the theory of radio wave propagation and of 
transmission requirements for a satisfactory 
broadcasting service.  Interference between 
transmissions on (a) common channels and (b) 
adjacent channels is discussed and the limiting 
values adopted by the N WDR for the ratio 
between wanted and unwanted signals in 
various cases are shown graphically. The 
principles of system planning to cover the 
greatest possible fraction of the population are 
discussed in relation to the area; about 70 per 
cent of the population is adequately served. 
The complementary uses of medium-wave and 
usw services are indicated. 

621.39.001.11  3239 
La Cybernetique-Theorie du Signal et de 

l'Information. [Book Review[ —L. de Broglie 
(Ed.).  Publishers:  Editions de la Revue 
d'Optique Theorique et Instrumentale, 1951, 
318 pp., 1600 fr. (Brit. Jour. Appt. Phys., 
vol. 3, p. 133; April, 1952.) Papers presented 
at a conference at the Henri Poincare Institute, 
Paris, 1950. 

SUBSIDIARY APPARATUS 

621-526: 621.313.281  3240 
Amplifying Dynamos: their Use in Servo-

mechanisms— G. Lehmann. (Bull. Sot. franc. 
Elect., vol. 2, pp. 198-209; April, 1952.) 

621.314.632:546.289 3241 
The New G-10 Germanium Dot Rectifier — 

T. J. Ferguson. (Radio kr relev. News, vol. 47, 
pp. 42-43; June, 1952.) Description and some 
performance figures of a rectifier unit suitable 
for supplying power to radio and television 
equipment. The G-10 is a series combination 
of two "button" rectifiers each consisting of a 

pellet of spectroscopically pure Ge, i-inch 
square, placed at the center of a metal dish 
sealed with butyl rubber and mounted on a 2-
inch-diameter metal cooling fin. Units are 
selected to ensure equal division of peak 
back voltage across the two associated recti-
fiers. 

621.314.634.012  3242 
Static and Dynamic Characteristic Curves 

for Selenium Rectifiers —I. Somos. (Elektro-
technika (Budapest), vol. 45, pp. 154-159; 
May, 1952.) Methods of measurement are 
described which give reproducible results. 

621.316.722.1:621.326  3243 
Incandescent  Lamp  Bulbs  in Voltage 

Stabilizers —W. J. Cunningham. (Jour. Appl. 
Phys., vol. 23, pp. 658-662; June, 1952.) An 
approximate analysis is made of the operation 
of lamps used as sources of reference voltage in 
ac stabilizers. The equivalent-circuit theory 
developed in 3026 above is used to determine 
the distortion due to the nonlinearity of the 
lamp I/V characteristic. The effects of changes 
of frequency and current are demonstrated. 

621.316.93  3244 
Lightning Protection since Franklin's Day 

— K. B. McEachron. (Jour. Frank. Inst., vol. 
253, pp. 441-470; May, 1952.) Historical 
account of the development of the various 
types of protective device in use today. 46 
references. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.5  3245 
Optimum Number of Lines and Screen 

Dimensions —P. Stroobants. (Television, no. 
23, pp. 113-117; May, 1952.) The lowest num-
ber of scanning lines N consistent with invisi-
bility of line structure in the television image 
is expressed in terms of the angular resolution 
of the eye and the ratio between the viewing 
distance (as selected naturally by average 
viewers) and the screen height h. Based on 
subjective judgments, curves are plotted show-
ing the variation of N with h for 95 per cent 
and for 100 per cent observer satisfaction. By 
reference to these curves line standards of 625, 
819 and >819 are shown to be appropriate 
respectively for receivers with screen diameters 
up to 22 cm, between 22 and 40 cm, and over 
40 cm. 

621.397.5:061.3(431.55) 3246 
Berlin Television Conference—(Funk u. 

Ton, vol. 6, pp. 258-264; May, 1952.) Sum-
maries are given of papers presented at the 
conference arranged by the Berlin-Charlotten-
burg Technical University, March 1952. 

621.397.5:535.623  3247 
Requisite Color Bandwidth for Simultane-

ous Color-Television Systems— K. McIlwain. 
(PRoc. I.R.E., vol. 40, pp. 909-912; August, 
1952.) Report of subjective tests, using both 
skilled and lay observers, to determine how 
far bandwidth can be reduced before picture 
reproduction becomes unsatisfactory. Under 
the particular test conditions described a 
band about 1 mc wide is sufficient for most 
color transmissions, provided a further band 
4 mc wide is available for transmitting the 
brightness detail. 

621.397.5: 535.88 : 791.45 3248 
A Direct-Projection System for Theater 

Television—F. N. Gillette. (Jour. Soc. Mot. 
Pic. Telev. Eng., vol. 58, pp. 385-396; May, 
1952.) General description of the Simplex 
Model PB-600 for projecting a full-size tele-
vision picture on a theatre screen. The system 
combines simplicity in installation, convenience 
in maintenance and reliability in operation. 

621.397.5: 621.396.712 3249 
The Lime Grove Television Studios of the 

British Broadcasting Corporation—(Engineer-
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Mg (London), vol. 173, pp. 518-519; April 25, 
1952.) Details are given of studio arrangements 
and camera equipment in use. See also 753 of 
1951. 

621.397.5(204.1)  3250 

Underwater Television—(Engineer (Lon-
(Ion), vol. 193, pp. 642-643; May 9, 1952.) 
Description, based on an Admiralty bulletin, 
of  remotely  controlled  television  camera 
equipment developed by Pyc, Ltd. for opera-
tion at depths up to 1,000 feet; sea trials have 

been made in the diving vessel "Reclaim." 
Using a plane window, a 75° viewing angle has 
been obtained by simple devices. 

621.397.5(204.1)  3251 
Underwater Television —(Engineer. (Lon-

don), vol. 193, p. 565; April 25, 1952.; Engi-
neering (London), vol. 173, p. 531; April 25, 
1952.) Account of a laboratory demonstration 
of progress made since the first use of under-
water television (2053 of August). Camera 
mounting and lighting arrangements are (Ie-
scribed. The image-orthicon equipment is modi-
fied to permit remote control of focusing and 
aperture, with remote indication on the parent 
ship permitting deductions to be made as to 
size of object and distance from camera; the 
brand of a packet of cigarettes could be identi-
fied at 6-12 feet. A 625-line picture is used. 

621.397.5.001.8 3252 
Television Technique as an Aid to Obser-

vation—J. D. McGee. (Jour. R. Soc. Arts, 
vol. 100, pp. 329-345; March 21, 1952. Discus-
sion, pp. 346-349.) A survey of applications 
covering (a) the extension of vision in respect of 
either  distance or wavelength  range,  (b) 
television memory devices. 

621.397.6  3253 
Improving TV System Transient Response 

—J. Ruston. (Electronics, vol. 25, pp. 110-113; 
August,  1952.) A television transmitter/re-
ceiver system having the over-all frequency 
characteristic specified by the F.C.C. and 
R.T. M.A. has unacceptably high transient dis-
tortion. This distortion can be reduced by 
modifying the over-all response curve to pro-
duce a stepped characteristic with a region of 
symmetry about the carrier frequency. A net-
work suitable for producing such a modifica-
tion in the receiver video circuit is illustrated. 

621.397.61(494) 3254 
The Uetliberg as a Site for a Television 

Transmitter— H. Laett. (Tech. Alit:. schweiz. 
Telegr.-TelephVerw., vol. 30, pp. 59-69; Febru-
ary 1, 1952. In French and German.) An ac-
count is given of field-strength and picture-
quality measurements in the district within 
about 40 km of Zurich, which is the most 
densely populated part of Switzerland. A 
double-turnstile antenna mounted on a tower 
at the summit of the Uetliberg, which domi-
nates the district, was fed by a transmitter 
operating on 62.25 Inc with a peak power of 
400 w. Field strengths are shown on a map. 
The results as a ‘vhole show clearly the pri-
mary importance of operation within the 
optical range, though diffraction effects ren-
dered reception satisfactory over a considerable 
part of the region not visible from the trans-
mitter. 

621.397.611.2  3255 
The Application of Negative Feedback to 

Flying-Spot  Scanners —R.  Theile  and H. 
McGhee. (Jour. Brit. IRE, vol. 12, pp. 325-
339; June, 1952.) Negative feedback between 
the output of the amplifier following the 
photomultiplier and the control electrode of the 
scanning tube affords a convenient means of 
controlling contrast. Problems introduced by 
the time delay round the feedback loop are 
discussed. The influence of feedback on the 
appearance of screen afterglow is analyzed, 

and the effect on signal/noise ratio is consid-
ered. 

621.397.611.2:621.385.2  3256 
A Simple Electrostatic  Electron-Optical 

System with Only One Voltage —Schagen, 
Bruining and Francken. (See 3284.) 

621.397.62 3257 
The Simplification of Television Receivers 

— W. B. Whalley. (Proc.  IRE (Australia), 
vol. 13, pp. 99-103; April, 1952.) Reprint. See 
1271 of 1950. 

621.397.621.2  3258 
The Focusing of Cathode-Ray Tubes for 

Television Receivers —J. A. Hutton. (Jour. 
Brit. IRE, vol. 12, pp. 295-304; May, 1952.) 
The problem is examined from the point of view 
of receiver design rather than tube design. 
Deflection defocusing and resulting aberrations 
are discussed and remedies indicated. The in-
fluence on focus control of the configuration 
and position of the focusing field is investi-
gated, and the effect of supply-voltage vari-
ation considered. 

621.397.621.2 3259 
Cathode-Ray Picture  Tube with Low 

Focusing Voltage—C. S. Szeglio. (Pitoc. I.R.E., 
vol. 40, pp. 937-939; August, 1952.) Focusing is 
performed by means of a univoltage es lens 
with the low-voltage electrode at 0-5 per cent 
of anode voltage. A description and operating 

characteristics are given for a particular design 
incorporating an ion trap. Methods of avoiding 
breakdown due to high voltage gradients are 
discussed. 

621.397.621.2:535.241.48 3260 
A Graphical Treatment of the Tone-Repro-

duction Problem in Television Systems —R. B. 
Mackenzie. (Brit. Jour. Appi. Phys., vol. 3, 
pp. 141-147; May, 1952.) "The impractica-
bility of analyzing the tone reproduction prop-
erties of a television system in terms of simple 
mathematical laws is discussed. A construction 
for a tone reproduction chart is presented which 
enables a realistic assessment of the over-all per-
formance of a system to be made, subjective 
tffects being taken into account. The use of the 
chart is demonstrated by examining the effects 
of altering certain parameters of the system." 

621.3.69721.2:535.623  3261 

Elimination of Moire Effects in Tricolor 
Kinescopes —E. G. Ramberg. (Pkoc. 
vol. 40, pp. 916-923; August, 1952.) The influ-
ence of scanning-line width, mask-aperture 
size, aperture spacing, line separation, orienta-
tion of scanning pattern relative to mask, and 
picture content on moire effects arising in 
tubes of the type described by Law (844 of 
April) is discussed. 

621.397.621.2:621.397.335 3262 
Flywheel  Synchronization  of  Sawtooth 

Generators in Television Receivers—P. A. 
Neeteson. (Philips Tech. Rev., vol. 13, pp. 312 - 
322; May, 1952.) The sensitivity of different 
systems of synchronization to interference is 
discussed and a detailed description is given of 
the "flywheel" method of line synchronization 
which minimizes the effect of interference. The 
principles of aphc., particularly important in 
this system, are fully explained, and two cir-
cuits are described in which the functions of 
phase  discriminator  and sawtooth-voltage 
generator are combined in an ordinary pentode. 

621.397.74 3263 
Maximum Coverage for V.H.F.-U.H.F. TV 

—F. W. Smith. (Electronics, vol. 25, pp. 146-
150; July, 1952.) A series of charts are pre-
sented relating transmitter power, antenna 
height and service area for the two grades of 
service specified in the F.C.C. report of April 
1952 revising the frequency-allocation system. 

621.397.82  3264 
Reducing TV Receiver Oscillator Radi-

ation— E. W. Chapin and W. K. Roberts. 
(Electronics, vol. 25, pp. 116-120; July, 1952.) 
Measurements of the radiation from typical 
receivers are described and the results are • 
tabulated. Methods of screening the oscillator 
unit efficiently, and circuit modifications which 
reduce interference with other receivers, are 
detailed. 

TRANS MISSION 

621.396.61:621.396.931 3265 
F. M. Transmitter for 42 Mc/s —H. G. 

Strut man. ( Radio c.̂.-• Telev. News,  Radio-
Electronic Eng. Section, vol. 47, pp. 10 -13, 31; 
June, 1952.) Design and performance details 
are given of a 3-kw transmitter for police com-
munications. 

621.396.619.13 3266 
Improved  Reactance-Valve Circuit—J. 

1,Vobst. ( Nachr Tech., vol. 2, pp. 177-179; June, 
1952.) A circuit isdescribed which gives the same 
maximum frequency swing as can be obtained 
with the normal reactance-tube modulator, but 
which suppresses completely the AM which 
usually accompanies the FM. On account of the 
frequency dependence of the phase shifter 
used, the new arrangement is only suitable for 
a frequency range of about  11.3. Design 
formulas are given and applied to the determi-
nation of circuit parameters for a FM oscillator 
covering the range 10-12 inc. 

621.396.619.23 3267 
Study of the Serrasoid Modulator—F. W. 

Grundlach, (Fernmeldelech. Z., vol. 5, pp. 256-
262; June, 1952.) The merits of three ways of 
operating the modulator 1342 of 1949 (Day)] 
are examined by analyzing the frequency 
spectrum of the pulse trains. The only method 
providing complete freedom from AM is that 
in which the pulses are of constant height, a 
form of PW.M being applied. The effect of 
slight AM on the frequency multiplier per-
formance is studied. The multiplier should 
operate in class C with automatic bias. 

TUBES AND THER MIONICS 

621.314.7 3268 
Crystal Triodes —E, G. James and G. M. 

Wells. (Jour. Brit. IRE, vol. 12, pp. 285-292; 
May, 1952. Discussion, pp. 293-294.) A brief 
account is given of developments leading to the 
production of the Ge triode and some applica-
tions and limitations are indicated. 

621.314.7 3269 
New Transistors Give Improved Perform-

ance —J. A.  Morton. (Electronics, vol. 25, 
pp. 100-103; August, 1952.) Design develor.-
ments leading to improved reliability, repro-
ducibility and frequency response are de-
scribed briefly. For a fuller account see 2651 
of October. 

621 .383 :621.385.15:535.51  3270 
Polarization  Effects in Photomultiplier 

Tubes —E. I'. Clancy. (Jour. Opt. soc. Amer., 
vol. 42, p. 357; May, 1952.) Measurements 
were made of the response of a photomultiplier 
tube as a function of the angle 0 between the 
direction of the electric vector of the plane-
polarized incident light and the longitudinal 
axis of the tube. Type 931-A tubes gave the 
highest value of t he ratio of the responses at 0 
=90 ° and 0=0'. 

621.383.2 3271 

Production Testing of Multiplier Photo-
tubes— R. W. Engstrom, R. G. Stoudenheinwr 
and A. M. Glover. (Nucleonics, vol. 10, pp. 
.58-62; April, 1952.) Account of tests applied 
in the manufacture of the R.C.A. 5819 photo-
multiplier, with emphasis on cathode sensi-
tivit} 
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621.383.27  3272 
Non-Linear Amplification in E. M.I. Photo-

multipliers —J. F. Raffle and E. J. Robbins. 
(Proc. Phys. Soc. (London), vol. 65, pp. 320-
324; May I, 1952.) The heights of the output 
pulses obtained from E. M.I. photomultipliers 
are not always proportional to the quantity 
of light incident on the photo cathode, the 
linear relation failing when the charge density 
in the multiplier becomes too great. 

621.38.3.5 3273 
Response  of  Barrier-Layer  Photocells. 

Theory permitting the Prediction of the Vari-
ations of Output Voltage as a Function of the 
Illumination and the Load Resistance of a 
Selenium Photocell —G. Blet. (Cornpt. Rend. 
Acad. Sci. (Paris), vol. 234, pp. 2187-2189; 
May 26, 1952.) A single curve is derived which 
gives results in good agreement with experi-
ment for any value of load resistance and for 
a very wide range of intensity of illumination. 

621.384.5:621.318.572  3274 
The Cold-Cathode Gaseous Discharge as 

a Switching Device —N. L. Harris. (Engineer 
(London), vol. 193, pp. 460-462; April 4, 1952.) 
Applications are described of cold-cathode 
tubes of various types in over-voltage protec-
tion and in radar switching devices. 

621.385.029.6:621.392.22  3275 
A Broad-Band Interdigital Circuit for Use in 

Traveling- Wave-Type Amplifiers —R.C. Fletch-
er. (Paoc. I.R.E., vol. 40, pp. 951-955; 
August, 1952.) Analysis indicates that the 
interdigital type of structure, which is capable 
of handling high power, can be designed to 
have a wide frequency band. Phase-velocity 
/frequency curves plotted from measurements 
made on a model operating at 300 mc are of the 
same general shape as curves derived from the 
theory. 

621.385.029.6:621.396.822  3276 
Calculation of the Noise Figure of the 

Travelling-Wave: Part 1— W. Kleen and W. 
Ruppel. (Arch. elekt. (ibertragung, vol. 6, pp. 
187-194; May, 1952.) Recent investigations 
indicate that fluctuations of density and 
velocity have a periodic distribution along the 
electron beam, while the energy fluctuations 
are uniformly distributed. Because of the 
periodicity, there is an optimum value of the 
distance between accelerator electrode and 
entrance to delay line. The noise figure is 
approximately proportional to the ratio be-
tween the phase constant and the attenuation 
constant for transmission through the tube, 
and under optimum conditions is equal to this 
ratio. The variation of noise figure with dimen-
sions and operating conditions is shown for a 
tube with helical delay line; in this case the 
optimum value varies approximately exponen-
tially with frequency, being about equal at 3 
kmc to the noise figure of a crystal detector in 
a mixing circuit. 

621.385.032.216 3277 
Thermionic Emission and Electrical Con-

ductivity of Oxide-Coated Cathodes—S. I. 
Narita. (Jour. Appl. Phys., vol. 23, p. 599; 
May, 1952.) Measurements on both sintered 
and ordinary oxide-coated cathodes are de-
scribed and direct comparisons made. The vari-
ations of emission and conductivity with tem-
perature and with degree of activation are 
shown. The sintered cathode was prepared by 
converting BaCo3 to BaO under conditions of 
slow speed of exhaust and at very high cathode 
temperature. The activities of both types of 
cathode  were varied by evaporating Ba 
on to the surfaces. Three mechanisms of 
electron conduction in the oxide coating are 
considered possible, all operating simultane-
ously in the most general case. 

621.385.032.216  3278 
Activation of High-Vacuum Oxide-Cathode 

Valves —G. H. Metson. (Vacuum, vol. 1, pp. 
283-293; October, 1951.) Discussion, based on 
laboratory experience, of three current theories 
of activation: chemical reduction, electrolysis 
and thermodynamic action. None of these gives 
an adequate explanation of the high initial 
activation commonly achieved. 

621.385.032.216  3279 
Chemical Reactions in Barium-Oxide-on-

Tungsten Emitters —R. C. Hughes, P. P. 
Coppola and II. T. Evans. (Jour. A ppl. Phys., 
vol. 23, pp. 635-641; June, 1952.) Alternative 
theories are examined regarding the reactions 
responsible for the Ba3W06 interface formed 
when a BaO-on- W cathode is prepared by 
applying BaCO3 to W and processing normally. 
Two possibilities are considered: (a) formation 
of Ba3W06 from BaO and W, and (b) forma-
tion of Ba3W06 from BaCO3 and W. Experi-
ments made to test these theories are described. 
A series of four reactions occur at progressively 
higher temperatures. Prolonged heating at 
over 1,000°C may convert the whole of the 
oxide layer into Ba3W06. The interface can 
probably be eliminated by applying BaO to 
oxide-free W and adding the necessary Ba for 
activation from an outside source. 

621.385.032.216 3280 
Physical Processes in the L Cathode— D. L. 

Schaefer and J. E. White. (Jour. App.!. Phys., 
vol. 23, pp. 669-674; June, 1952.) Experiments 
on the L-type cathode [773 of 1951 (Lemmens, 
Jansen and Loosjes)1 are described; degree of 
coverage of the W surface with Ba, and rate 
of evaporation of the Ba were investigated. The 
evaporation rate is found to be controlled by 
the surface diffusion of the Ba over the W. 
Despite incomplete coverage of the emitting 
surface with Ba, and almost complete absence 
of streaming of active material out through 
pores in the surface material, evaporation is 
sufficient to cause concern in certain applica-
tions. 

621.385+621.3261.032.7:666.17  3281 
Making Glass Bulbs —(Elec. Rev. (London), 

vol. 150, pp. 1124-1128; May 23, 1952.) De-
scription of the plant and operation of a new 
factory at Harworth, Notts., manufacturing 
1,500,000 bulbs daily from the basic raw materi-
als by a highly mechanized system of "flow 
production." The smaller of two glass-moulding 
bulb-blowing machines operating on a con-
tinuous glass ribbon produces the complete 
range of tube bulbs of diameter up to 44.5 mm, 
including all the miniature types. Its output is 
approximately one million bulbs in 24 hours. 
The larger machine has a daily output of half 
a million lamp bulbs of diameter up to 8 cm. 
For similar descriptions see Elec. Times, vol. 
121, pp. 937-940; May 22, 1952; and Electrician, 
vol. 148, pp. 1693-1696; May 23, 1952. 

621.385.2:546.289  3282 
The Time Lag of the Forward Couductance 

of Germanium Diodes—T. Einsele. (Z. angew. 
Phys., vol. 4, pp. 183-185; May, 1952.) Meas-
urements were made of Ge-diode current with 
a pulsed input voltage of low duty factor; the 
forward characteristics obtained at different 
instants are plotted for a specimen in which the 
conductance took nearly Lis to reach its static 
value. With Si diodes no lag was observed; 
with Ge diodes the lag was longer when large 
reverse bias was applied. In contrast to the 
results obtained by Meacham and Michaels 
(1817 of 1950), no lag was observed in the 
backward conductance. 

621.385.2:546.289:621.317  3283 
Germanium Diodes for Indicating Instru-

ments and Relays—F. J. Lingel. (Tale-Tech, 
vol. 11, pp. 42-43, 104; April, 1952.) A series 
of circuit diagrams illustrates the various appli-
cations of Ge rectifiers. A table and graphs 
show the operating characteristics of different 
available types. 

621.385.2:621.397.611.2  3284 
A Simple Electrostatic Electron-Optical 

System with only One Voltage—P. Schagen, 
H. Bruining and J. C. Francken. (Philips Res. 
Rep., vol. 7, pp. 119-130; April, 1952.) Analysis 
of a system for use in television camera tubes or 
image converters, in which the cathode and 
anode are concentric spheres, the anode being 
the smaller. The effect of providing an aper-
ture in the anode for the passage of the elec-
trons is investigated. The formulas derived 
from theory were applied to an experimental 
arrangement with a cathode in part spherical 
and in part cylindrical; pictures of good defi-
nition and freedom from distortion were ob-
tained. 

621.385.3/.5  3285 
Determination of Penetration Factor for 

Amplifier Valves —H. lappen. ( Nachr Tech., 
vol. 2, pp. 112-116; April, 1952.) Charts are 
provided which enable penetration factors to 
be readily determined from the physical dimen-
sions of tube electrode systems; their use is 
illustrated for a directly heated pentode. 

621.385.3/.41.029.63  3286 
Some New Ultra-High-Frequency Power 

Tubes —P. T. Smith. (RCA Rev., vol. 13, pp. 
224-238; June, 1952.) Experimental grounded-
grid triodes and grounded-cathode tetrodes 
with close grid-cathode spacing are described. 
The output of the triodes is 5-10 kw at 900 mc, 
about the same as at lower frequencies. The 
tetrodes have lower power gain, but have cer-
tain advantages when high-level modulation is 
require(l. 

621.385.3.029.64  3287 
Amplification  Constant  for  Microwave 

Triodes —Y. Koike and S. Yamanaka. Technol. 
Rep. Tohoku Univ., vol. 15, pp. 14-25; 1951.) 
Published results of various workers for micro-
wave tubes with parallel-wire grids are re-
viewed and suitable formulas for calculating 
the amplification factor are quoted for the two 
cases where island formation is appreciable or 
negligible. Formulas for the screening effect of 
wire-mesh grids are based on experimental 
results. 

621.385.5.018.424  3288 
New Valve for Wide-Band Amplifiers —P 

Meunier. (Onde elect., vol. 32, pp. 232-237; 
June, 1952.) Detailed description of the con-
struction and characteristics of two pentodes, 
Type PTT216 with noval base and Type 
PTT214P with standard PTT type-P base. 
Cathode-current density is 50 ma/cm', grid-
cathode distance 0.06 mm, grid pitch 0.065 
mm and diameter of grid wires only 8 is. 
Seven Type-PTT216 tubes were used in an 
amplifier with 7541 input and output impe-
dance, gain 70 db and pass band of 25 mc 
centered on 70 mc. An equivalent amplifier 
using Type-6AK5 tubes would have required 
13 tubes. 

621.385.83  3289 
The Effect of Velocity Distribution in a 

Modulated Electron Stream —D. A. Watkins. 
(Jour. App!. Phys., vol. 23, pp. 568-573; May, 
1952.) A method of solving electron-beam 
problems is described which takes account of 
the thermal spread of velocity. The method is 
based on Liouville's theorem. The effect of the 
thermal spread on signal and noise in a drifting 
stream is calculated by means of a power series 
(a) for small-signal vm of the stream, (b) with 
the stream initially possessing full shot noise. 

621.385.832  3290 
Internal Electrostatic Deflection Yokes— 

K. Schlesinger. (Electronics, vol. 25, pp. 105-
109; July, 1952.) Description of the "deflec-
tron" electrode design. For deflection in two 
directions at right angles, composite electrodes 
with triangular boundaries are used which 
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form the sides of a box. This provides simul-
taneous horizontal  and vertical deflection, 
equal sensitivites and a common center of de-
flection, giving greater freedom from scan dis-
tortion and defocusing than a conventional 
crossed-plate structure. Cylindrical and conical 
modifications of the design are illustrated; 
their application and production techniques are 
described. 

621 .396.615.14+621.396.6451.029.64  3291 
Generation and Amplification of Oscilla-

tions in the Ultra-High-Frequency Region — 
F. W. Gundlach. (Z. angeze. Phys., vol. 4, pp. 147-
157; April, 1952.) The mode of operation and 
practical constructions of microwave triode, 
klystron and travelling-wave tubes, including 
multi-segment magnetrons, are described. Sec-
tional drawings of selected types are shown. 70 
references. 

621.396.615.141.2: 621.365.55f  3292 
Industrial Magnetrons for Dielectric Heat-

ing —R. B. Nelson. (Electronics, vol. 25, pp. 
104-109; August, 1952.) Magnetrons and as-
sociated circuits for operation at 915 mc and 
2.450 kmc are described. A 5-kw oscillator is 
available for the 915-me band, and experimen-
tal 50-kw models have been produced. A 2-kw 
model is available for the 2.450-kmc band. 
See also -156 of March. 

621.396.615.141.2.016.352  3203 
Instabilities in the Smooth-Anode Cylindri-

cal Magnetron--L.  liar: is. (Juur. A ppl. 

Phys., vol. 23, pp. 562-507; May, 1952.) A 
magnetically focused space-charge cloud of the 
type found in the smooth-anode magnetron is 
examined to determine whether a perturbation 
of the equilibrium condition will grow. A field 
analysis is carried out in which radial admit-
tances are matched at the edge of the cloud. 
The solutions for the characteristic frequencies 
are complex, indicating that the disturbance 
grows with time. 

621.396.615.141.2.029.63:621.396.619.13  3294 
Frequency Modulation or Magnetron in 

the  Decimetre  Wave  Range —F.  Fricke. 
(Arch. elekt. Libergragung, vol. 6, pp. 228-240 
and 281-287; June and July, 1952. Corrections, 
ibid., vol. 6, p. 351; August, 1952.) Magnetron 
characteristics are deduced from circle-diagram 
analysis of the equivalent circuit for the appar-
ent conductance between two adjacent seg-
ments of a multisegment magnetron. This 
shows that with the usual method of modula-
tion by variation of the anode voltage. ampli-
tude variation is superposed en the frequency 
modulation. A new method is proposed which 
results in wide-band FM wit bout accompany-
ing AM. The method consists in varying a 
capacitive reactance connected  in  parallel 
with the oscillatory system. An experimental 
verification %vas carried out, using the grid-
anode path of a retarding-lid.l tube s the vari-
able reactance. 

621.396.615.141.2.029.64:621.396.619.13  3295 
A 7000- Mc s Developmental Magnetron 

for  Frequency  Modulation -1{.  K.  Jenny. 
(RCA Rev., vol. 13, pp. 202-223; June, 1952.) 
Description of a 24-vane double-strapped tube 
operated at the relatively low voltage of 550v 
and cathode-current density of 150 ma/cm' 
to ensure long life. The frequency range is' 
6.575-6.875 kmc, output power 10 w, and 
efficiency 30-40 per cent; frequency swings up 
to 16 me can be handled without AM. Tuning 
and modulation curves are derived from con-
sideration of equivalent circuits. 

621.396.622.63  3296 
An Analysis of Crystal  Diodes in the 

Millivolt Region — W.  B.  Whalley and  C. 
Masucci. (Tele-Tech, vol. 11, pp. 40-42, 131; 
May, 1952.) The resistance characteristics of 
different  diodes were determined  using a 

balanced ac source, a high-gain band-pass RC 
amplifier and a cro. The over-all characteristic 
is expanded to show the mid-region constant-
resistance portion below about 1 my. This is 
correlated experimentally with the threshold rf 
detection voltage. Traces obtained with a 
selector circuit using two diodes are analyzed. 

MISCELLANEOUS 

621.3:061.4  3297 
26th  Brussels  International  Fair,  26th 

April to 1 1th May 1952 —(Radio Revue Tr, 
vol  4, pp. 173, 207; May, 1952.) Note on 
acoustic and radio apparatus exhibited by 
certain firms. 
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GENERAL INFORMATION 

The Institute 

The Institute of Radio Engineers serves those inter-
ested in radio and allied electronics and electrical-com-
munication fields through the presentation and publica-
tion of technical material. 
Membership has grown from a few dozen in 1912 to 

more than 30,000. There are several grades of mem-
bership, depending on the qualifications of the appli-
cant, with dues ranging from $5.00 per year for Students 
to $15.00 per year for Members, Senior Members, Fel-
lows, and Associates of more than five years' standing. 
To serve more fully the many special fields of interest, 

Professional Groups have been formed in each of 19 
technical fields on an Institute-wide basis, with member-
ship open only to IRE members. Group activities in-
clude the sponsoring of symposia and conferences, and 
the publication of technical material of special interest 
to their members. To support these activities, assess-
ment fees may be levied by the Groups on their mem-
bers. The Professional Groups and their assessment 
fees are listed on Cover IV of the index to TRANS-
ACTIONS. 
The PROCEEDINGS OF THE I.R.E., issued monthly by 

the Institute, is sent free to all members of record on the 
date of publication. The TRANSACTIONS, issued at 
intervals by several of the Professional Groups, are sent 
free to paid members of the respective Groups. IRE 
Standards, as listed on Cover IV of this index, are 
available for those who wish to buy them at the prices 
indicated. 

The PROCEEDINGS 
The PROCEEDINGS has been published without inter-

ruption from 1913, when the first issue appeared. Over 

4,400 technical contributions have been included in its 
pages, portraying a currently written history of devel-
opments in both theory and practice. The contents of 
papers are the responsibility of the authors and are not 
binding on the Institute or its members. All rights of 
republication are reserved by the Institute. 

Annual subscription rates for the United States of 
America, its possessions, and Canada, $18.00; to college 
and public libraries when ordering direct, $13.50; other 
countries, $1.00 additional for postage. 

The TRANSACTIONS 

TRANSACTIONS have been published by several Pro-
fessional Groups since December, 1951, when the first 
issue appeared. A total of nearly 200 specialized tech-
nical papers have thus been made promptly available 
to Group members during the first year of publication. 
All papers published in the TRANSACTIONS are procured 
and reviewed by the respective Professional Group. The 
contents of papers are the responsibility of the authors-
and are not binding on the Institute, the Groups, or 
their members. All rights of republication are reserved 
by the Institute. The annual contents of the TRANS-
ACTIONS are published in a separate index. 

Subscription rates covering all issues of TRANS-
ACTIONS published during the twelve-month period 
starting July 1, 1952, for the United States, its posses-
sions, and Canada, $70; to college and public libraries, 
$50; other countries, $1.00 additional for postage. 
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March, pp. 372-384 
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April, p. 492 
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June, p. 730 
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May, p. 618 
September, p. 1130 
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May, p. 618 
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August, pp. 1004-1005 

PROCEEDINGS Index-17 

I., 



(Nontechnical Index, Cont'd.) 
British Radio Show, London, Eng., August 

7-9, 1952 
February, p. 238 

Cedar Rapids Section Conference, Cedar 
Rapids, Iowa, September 19-20, 1952 

July, p. 874 
August, p. 1001 

Computer Conference, Hotel Park Shera-
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Back Copies 
The Institute endeavors to keep on hand a supply of 

back copies of the PROCEEDINGS for sale for the conven-
ience of those who do not have complete files. However, 
some issues are out of print and cannot be provided. 
All available back issues of the PROCEEDINGS OF 
rHE I.R.E. except November, 1952, are priced at 
12.25 per copy to individual nonmembers; $1.65 per 

1920 Vol. 8 • October 
1921  Vol. 9  October, December 
1922  Vol. 10  April, June, August, October 
1923  Vol. 11  February, April, October 

copy to public libraries, colleges, and subscription 
agencies; and $1.00 per copy to Institute members. 
Price includes postage in the United States and Canada; 
postage to other countries is ten cents per copy addi-
tional. The above prices for November, 1952 are $3.00, 
$2.25, and $1.00 per copy, respectively. 

1913-1915  Volumes 1-3  Quarterly 

1913  Vol. 1 January (a reprint) 

1916-1926  Volumes 4-14 Bimonthly 
1924 Vol. 12 October 
1925  Vol. 13 April, June, October, December 
1926 Vol. 14  Feb., Apr., Aug., Oct., Dec. 

192 7-193 8 

1927  Vol. 15  May, October, December 
1928 Vol. 16 All 12 issues 
L929 Vol. 17  April, May, June, August, November 
1930 Vol. 18  February, April to December, inc. 
1931  Vol. 19 All 12 issues 
1932  Vol. 20 All 12 issues 

1130 Vol. 27 
1910  Vol. 28 
1941 Vol. 29 
1")42 Vol. 30 
043  Vol. 31 
1944 Vol. 32 
1945  Vol. 33 

1939-1952 

Volu mes 15-26  Monthly 
1933  Vol. 21  All 12 issues 
1934 Vol. 22 All 12 issues 
1935  Vol. 23 All 12 issues 
1936 Vol. 24 January, February, March, May, August 
1937 Vol. 25 February to December, inc. 
1938 Vol. 26 All 12 issues 

Volumes 27-40  Monthly 

New Format—Large Size 

January, February, March, May, December 
All 12 issues 
All 12 issues 
January to May, inc., October to December, inc. 
February to December, inc. 
January to April, inc, August to December, inc. 
February to June, inc., Aug., Sept., Nov., Dec. 

1946 Vol. 34 January, February, April to December, inc. 
1947 Vol. 35 January to May, inc., July, Sept., Nov., Dec. 
1948 Vol. 36 All 12 issues 
1949 Vol. 37 January to March, inc., July to December, inc. 
1950 Vol. 38 All 12 issues 
1951  Vol. 39 All 12 issues 
1952  Vol. 40  All 12 issues 

Cumulative Indexes covering the periods 1913-1942 and 1943-1947 are available at the same prices as back issues 

3f PROCEEDINGS. 
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. 

Membership Emblems 

The IRE 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. 

Grade 
Fellow 
Senior Member 
Member 
Associate 
Student 

Background Color 
Gold 
Dark Blue 
Light Blue 
Maroon 
Green 

or year, or your name imprinted; $3.50 for Vol. No. and 
name or name and year imprinted. Postage is prepaid 
in United States or Canada; postage to other countries, 
50 cents additional. 

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. 
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Current IRE Standards 
In addition to the technical papers published in the ['anti i iiiNGS OF 1111. ;1.tiulards on various subjects have been printed. The 

are available at the pt ices listed below. 20 % discount ‘‘ ill on iirders for 100 or m ore copies mailed to one address. 

48 IRE 2, 11, 15. Si Standards on Antennas, Modulation 
Systems, and Transmitters: Definitions of Terms, 
1948   

48 IRE 2. S2 Standards on Antennas: Methods of Testing, 
1948. Adopted by ASA. (ASA C16.11-1949)   

42 IRE 3. SI American Recommended Practice for Volume 
Measurements of Electrical Speech and Program 
Waves. Adopted by ASA. (ASA C16.5-1942)   

50 IRE 4. Si Standards no Circuits: Definitions of Terms in 
Network Topology, 1950. 

Reprinted fro m the January, 1951, Pkttct  I. DI NGS  

42 IRE 6. Si American Recommended Practice for Loud-
speaker Testing. Adopted by ASA. (ASA C16.4-1942). 

51 IRE 6. Si Standards on Electroacoustics: Definitions of 
Terms, 1951. 

Reprinted front the M ay, 1951, PROCEEDINGS   

50 IRE 7. Si Standards on Electron Tubes: Definitions of 
Terms, 1950. 

Reprinted fro m the April, 1950, PRocEEDIN‘. 

52 IRE 7. Si Standards on Magnetrons: Definitions of 
Terms, 1952. 

Reprinted fro m the M ay, 1952, Paocri DING.   

50 IRE 7. S2 Standards on Electron Tubes: Methods of 
Testing, 1950. 

Part I reprinted fro m August, 1950, PROCEEDINGS; Part 

II reprinted fro m Septe mber, 1950, PRocEEDINGs   

52 IRE 7. S2 Standards on Gas-Filled Radiation Counter 
Tubes: Methods of Testing. 1952. 

Reprinted fro m the August, 1952, PRocluDINGs 

52 IRE 7. S3 Standards on Gas-Filled Radiation Counter 
Tubes: Definitions of Terms, 1952. 

Reprinted fro m the August, 1952, PHoct mni mis   

50 IRE 8. Si Standards on Electronic Computers: Defini-
tions of Terms, 1950. 

Reprinted fro m the M arch, 1951, PROCI I DING ,   

42 IRE 9. Si Standards on Facsimile: Definitions of Terms, 
1942   

43 IRE 9. Si Standards on Facsimile: Temporary Test 
Standards, 1943   

49 IRE 12. Si Standards on Radio Aids to Navigation: Defi-
tions of Terms, 1949. 

Reprinted fro m the Dece mber, 1949, PROCI EDINGs 

45 IRE 14. Si Standards on Piezoelectric Crystals: Recom-
mended Terminology, 1945   

49 IRE 14. S1 Standards on Piezoelectric Crystals, 1949. 
Reprinted front the Deectuber, 1949, PRocELDINGs . 

49 IRE 16. Si Standards on Railroad and Vehicular Com-
munications: Methods of Testing, 1949. 

Reprinted fro m the Dece mber, 1949, PRocEEniNGs 

47 IRE 17. SI Standards on Radio Receivers: Methods of 
Testing Frequency-Modulation Broadcast Receivers, 
1947. Adopted by ASA. (ASA C16.12-1949)   

48 IRE 17. Si Standards on Radio Receivers: Methods of 

Price 

$0.75  49 

$0.75 

51 
$0.30 

$0.50 
51 

$0.40 

51 

$1.00 

52 

$0.75 

Testing Amplitude-Modulation Broadcast Receivers, 
1948  

IRE 17. Si Tests for Effects of Mistuning and for Down-
ward Modulation. 

1949 Supple ment to 47 IR E 17. SI Reprinted front the 

Dece mber, 1949, PROCEEDINGS   

IRE 17. SI Standards on Radio Receivers: Open Field 
Method of Measurement of Spurious Radiation from 
Frequency  Modulation and Television Broadcast 
Receivers, 1951. 

1:('Hinted (rum the July, 1951, PRocu.rin m..    

IRE 20. Si Standards on Pulses: Definitions of Terms-
Part 1, 1951. 

Reprinted frtan the June, 1951, PROCEEDING 

IRE 20. S2 Standards on Transducers: Definitions of 
Terms, 1951. 

Reprinted fro m the August, 1951, PROCEEDINGS 

IRE 20. Si Standards on Pulses: Definitions of Terms-
Part II, 1952. 

Reprinted front the M ay, 1952, PROCEEDINGS   

48 IRE 21. SI Standards on Abbreviations, Graphical Sym-
bols, Letter Symbols, and Mathematical Signs, 1948. 

IRE 21. Si Standards on Designations for Electrical, 
Electronic and Mechanical Parts and their Symbols, 
1949. 

Reprinted front February, 1950, PRocffntsa;s   

IRE 21. Si Standards on Abbreviations of Radio-Elec-
tronic Terms, 1951. 

Reprinted fro m the April, 1951, PROCEEDINGS   

IRE 22. Si Standards on Television: Methods of Testing 
Television Transmitters, 1947   

$0.50  48 IRE 22. Si Standards on Television: Methods of Testing 
Television Receivers, 1948. Adopted by ASA. (ASA 
C16.13-1949) 

$0.75 48   

$0.25 

49 

$1.25 

51 

$0.75 
47 

$0.20 50 

$0.20 

$0.60 

$0.20 

$0.80 

50 

50 

IRE 22. S2 Standards on Television: Definitions of 
Terms, 1948   

IRE 23. Si Standards on Television: Methods of Meas-
urement of Television Signal Levels, Resolution, 
and Timing of Video Switching Systems, 1950. 

Reprinted Iro m the M ay, 1950, l'RocEFDiNns   

IRE 23. S2 Standards on Television: Methods of Meas-
urement of Time of Rise, Pulse Width, and Pulse 
Timing of Video Pulses in Television, 1950. 

I:, printed (to m the Nove mber, 1950, PHochEnt SOS 

IRE 23. S3 Standards on Television: Methods of Meas-
urement of Electronically Regulated Power Supplies, 
19   

Pr 

$1.1 

$0.50 

$0.50 

$0.50 

$0.50 • 

$0.75 

$0.60 

$0.50 ' 

$0.75 ' 

$1.00 ' 

$0.50 ' 

$0.70 

$0.7 

Reprinted fro m the January, 1951; PRocEEDINGs   $0.7 

$0.50  50 IRE 24. Si Standards on Wave Propagation: Definitions 
of Terms, 1950. 

Reprinted fro m the Nove mber, 1950, PRoc H 

$0.50  45 IRE 24. Si Standards on Radio Wave Propagation: Defi-
tions of Terms Relating to Guided Waves, 1945   
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Page 

PGBTR-1 July, 1952 (Coned.) 
Considerations, D. D. Israel, 
Lewis Winner, W. B. Whal-
ky, John Bell, H. W. A. 
Chalberg, F. 0.  Johnson, 
M. F. Melvin. T. Murakanti, 
A. M. Scandurra, and R. A. 
Varoni  

Index to Subjects 
Amplifier Tube: BTR1 
Antennas, Minimum Beam Angle: BTR1 
Continuous Tuning, UHF: BT RI 

Converter Noise Figure: BTR1 
Cross Modulation: BTR1 
Electron Tube, UHF: BTR1 
Fixed Position Channel Tuning, BTR1 
Intermediate Frequencies: BTR1 
Noise Factor: BTR1 
Oscillator Radiation: BTR1 
Receiver Sensitivity: BTR1 
Semicontinuous Tuning, UHF: BTR1 
Spurious Response: BTR1 
Transmission Lines, UHF: BTR1 
Tubular Line: BTR1 
Tuner: BTR1 
Continuous: BTR 
Fixed Position Channel: BTR1 
Semicontinuous: BTR1 

UHF Television Receivers: BTR1 

Professional Group on Circuit Theory 

Contents 

PGCT-1, December, 1952 

TRANSACTIONS OF THE I.R.E. 

tdex 
'umber  Page 

Newsletter  1 

PGCT-1, December, 1952 (Cont'd.) 

Index 
Number 
crl Status and Problems of Travel-

ing-Wave Amplifier Circuits 
(Abstract), Lester M. Field. 

cr2  What is Network Synthesis, 
A. E. Guilkman  

CT3 Synthesis of RC Transfer Func-
tions as Unbalanced Two 
Terminal-Pair  Networks, 
Benjamin J. Dasher  

cr4 Synthesis of Transfer Func-

Page 

2 

3 

19 CT7 

PGCT-1, December, 1952 (Cont'd.) 

Index 
Number 

CTS 

cro 

Page 
tions with Poles Restricted 
to the Negative Real Axis, 
Louis Weinberg  34 

The Distributed Pair, D. 0  
l'edersen    56 

A Mathematical Analysis of a 
Dielectric Amplifier, Louis 
A. Pipes   67 

Separating Inforniation from 
Noise, Otto J. M. Smith   80 

Transactions Index-9 



PGCT (Cont'd.) 

Index to Subjects 
Amplifier: CT1, CT6 
Dielectric: CT6 
Traveling-Wave: CT! 

Circuits: CIL 
Traveling-Wave Amplifier: CT! 

Dielectric Amplifier, Analysis: CT6 
Distributed l'air: CT5 
Information: CT7 
Separation from Noise: (Ti 

Network Synthesis: CT2 
Noise: CT7 
Separation of Information: cr7 

Synthesis: cr2, CT3, CT4 
Network: cr2 

Transfer Functions: CT3, CT4 
Transfer Functions: CT3, CT4 
Synthesis: CT3, CT4 

Traveling-Wave: CT! 
Amplifier Circuits: CTI 

Nontechnical Index 

Newsletter: PGc-r-1, p. I 

Professional Group on Electron Devices 

Contents 
PGED-1, November, 1952 

TRANSACTIONS OF THE I.R.E. 

Index 
Number 

ED!  Pulse Distortion Effects of Gas 
in Vacuum Receiving Tubes, 
H. M. Wagner   

ED2  A Direct Reading Oscilloscope 
for 100 KV Pulses, R. C. 

Page 

3 

I'GED-1, November, 1952 (Coned.) 
Index 
Number 

Hergenrother and H. G. Ru-
denberg   

ED3  Secondary  Electron  Beam 
Loading, T. II. Mihran   

ED4  On the Shot Effect of P-N 
Junctions, R. L. Anderson 
and A. van der Ziehl   

ED5  Some Remarks on the Temper-
ature Dependence of a in 
Point-Contact  Transistors, 
L. P. Hunter, H. Fleisher and 
C. G. Irish   

Page 

9 

16 

20 

25 

Index to Subjects 

Electron Beam n Loading: ED3 
Gas, Pulse Distortion Effects: EDI 
Oscilloscope for Reading 100 KV Pulses: 

ED2 
P-N Junctions, Shot Effect: ED4 
Pulse Distortion Effects of Gas: EDI 
Secondary Electron Beam Loading: ED3 
Shot Effect, l'-N Junctions: ED4 
Transistors, Point-Contact: ED5 
Temperature Dependence of: ED5 

Professional Group on Instrumentation 

Contents 
PGI-1, May, 1952 

TRANSACTIONS OF THE I.R.E. 

Index 
Number 

(Symposium on Subaudio In-
strumentation, 1952 IRE Na-
tional Convention, New York, 
N. Y., March 3, 1952) 

Message from the Chairman  
Report of the Annual Meeting 
of the Administrative Com-
mittee   

Page 

2 

PGI-1, May, 1952 (Cont'd.) 
Index 
Number  Page 
11 Direct Synthesis, J. R. Moore  6 
12  Generating Equipment for Sub-

audio Frequencies, E. II  
Gamble   24 

13 Subaudio Frequency Instru-
mentation an Seismographic 
Work, W. M. Rust, Jr   36 

14  Oscillographic Instrumentation 
for the Subaudio Field, P. S. 
Christaldi   45 

IS  Techniques and Instrumenta-
tion in the Measurement, 
Harold Gold  57 

Index to Subjects 

Direct Synthesis: 11 
Generating Equipment, Subaudio: 12 
Oscillographic Instrumentation, Subaudio: 

14 
Seismographic Instrumentation: 13 
Servomotor Responses: 15 
Subaudio: 12, 13, 14 
Generating Equipment: 12 
Oscillographic Instrumentation: 14 
Seismographic Work: 13 

Professional Group on Quality Control 

Contents 
PGQC-1, August, 1952 

TRANSACTIONS OF THE I.R.E. 

Index 
Number 
QCI Tube Reliability  from  the 

Manufacturer's Viewpoint, 
M. A. Acheson   

QC2 Tube  Applications  for  In-
creased Reliability, W. R  
Jones   

QC3  Discussion of the Complexity 
and Unreliability of Military 
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PGQC-1, August, 1952 (Cont'd.) 
Index 
Number 

QC4 

QC5 

QC6 

Equipment and the Need for 
Simplification and Increased 
Life, A. S. Brown   

Maintenance Minimization in 
Large Electronic Systems, 
W. D. McGuigan   

The Reliability Problems in 
Guided Missile Develop-
ment, A. C. Packard and 
Royal Weller  

Application  Engineering  for 
Improved Electronic Reli-
ability in Guided Missiles, 
W. T. Sumerlin  

Page 

11 

23 

34 

41 

Index to Subjects 

Guided Missiles, Reliability: QC5, QC6 
Maintenance Minimization: QC4 
Military Equipment, Complexity: QC3 
Reliability: QC1, QC2, QC3, QC5, QC6 
Guided Missiles: QC6, QC6 
Military Equipment: QC3 
Tubes: QC I , QC2 

Simplification, Military Equipment: QC3 
Tube Reliability: QC1, QC2 
Circuits for: QC2 
Manufacturer's Viewpoint: QCI 



Professional Group on Vehicular 
Communications 

Contents 
PGVC-1, February, 1952 

TRANSACTIONS OF THE I.R.E. 
Index 
Number  Page 

(National Meeting on Land Mobile 
Communications, Chicago, Illinois, 

October 25-26, 1951) 

V 

VCIC2 

VC3 

VC4 

VCS 

VC6 

VC7 

VC8 

VC9 

Station Antennas for Vehicular 
Communications, G. C. Ter-
rell   

Receiver and Systems Design 
Requirements for Adjacent-
and Split-Channel Opera-
tion, Dan Noble, L. P. Mor-
ris, and M. E. Bond. . . 

Civil Defense Communications 
Planning, R. H. McRoberts. 

Adjacent-Channel Design in 
the Westinghouse Type FE 
Heavy Duty Railroad Radio, 
A. A. Macdonald   

Introduction of Commissioner 
Edward M. Webster, Austin 
Bailey   

Utilization and Expansion of 
Vehicular Radio Communi-
cations, E. M. Webster.   

Split-Channel  Operation  of 
RadioCommunication Equip-
ment, H. H. Darids   

Mobile Antennas for Vehicular 
Communications,  M.  R. 
Friedberg   

The Blasting Cap Hazard in 
Mobile Radio, C. P. Wil-
liams   

2 

II 

37 

PGVC-1, February, 1952 (Cont'd.) 

Index 
Number 

VCIO Introduction of General James 
D. O'Connell, F. T. Budel-
man   

VC11 Luncheon  Address,  J.  D  
O'Connell   

VC12 Lightning Protection for Mo-
bile Radio Fixed Stations, 
D. W. Bodle   

VC13 Unidirectional Antennas for 
450 MC, J. S. Brown   

VC14 Dry Battery Operated Radio 
Equipment for Forestry and 
Emergency  Communica-
tions, H. K. Lawson   

Page 

PGVC-2, August, 1952 

TRANSACTIONS OF THE I.R.E. 

(Symposium on What's New in Mobile Radio, 
47  1952 IRE National Convention, New 

York, N. Y., March 6, 1952) 

65  VC15 Mobile Radio Problems Re-
sulting from New Tech-
niques, E. L. White   

66  VC16 Application  of  Voice-Fre-
quency Tone Signalling to 
Mobile Radio Systems, C. L. 

78  Rouault   
VC17 Dispatcher's Wayside-to-Train 

Radio Control System, S. D. 
100  Burton   

VC18 New Developments in Army 
Mobile  Communication 

105  Equipment, J. If. Durrer   

116 

117 

122 

134 

141 

2 

6 

17 

24 

Index to Subjects 

Adjacent-Channel: VC2, VC4 
Railroad Radio: VC4 
Receiver and Systems Design: VC2 

Antennas: VCI, VC8, VC13 
Mobile: VC8 
Station: VC1 
Unidirectional for 450 MC: VC13 

Army Mobile Equipment: VC18 
Battery Operated Equipment: VC14 
Blasting Cap Hazard: VC9 
Civil Defense Communications: VC3 
Dispatcher Control System: VC17 
Dry Battery Operation: VC14 
Emergency Communications: VC14 
Expansion,  Vehicular  Communications: 

VC6 
Forestry Communications: VC14 
Lightning Protection: VC12 
Mobile Antennas: VC8 
Mobile Radio Problems: VC15 
O'Connell, Gen. J. D.: VCIO 
Railroad Radio: VC4, VCI7 
Adjacent-Channel Design: VC4 
Wayside-to-Train Control System: VC17 

Receiver Design: VC2 
Signal Corps: VC11 
Split-Channel: VC2, VC7 
Operation: VC7 
Receiver and Systems Design: VC2 

Station Antennas: VC1 
Systems Design: VC2 
Utilization,  Vehicular Communications: 

VC6 
Voice-Frequency Tone Signaling: VC16 
Webster, E. M.: VC5 
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Professional Groups of the I.R.E. 

Listed below are the Professional Groups of the I.R.E. and their corresponding assessment fees. If no amount 
is indicated, no assessment has yet been levied. 

Group  Assessment 

AIRBORNE ELECTRONICS   $2.00 

ANTENNAS AND PROPAGATION  4.00 

AUDIO   2.00 

BROADCAST AND TELEVISION RECEIVERS   2.00 

BROADCAST TRANSMISSION SYSTEMS   2.00 

CIRCUIT THEORY   2.00 

COMMUNICATIONS SYSTEMS 

ELECTRON DEVICES  2.00 

ELECTRONIC COMPUTERS   2.00 

ENGINEERING MANAGEMENT   1.00 

INDUSTRIAL ELECTRONICS    2.00 

INFORMATION THEORY  2.00 

INSTRUMENTATION   1.00 

MEDICAL ELECTRONICS   

MICROWAVE THEORY AND TECHNIQUES  2.00 

NUCLEAR SCIENCE   

QUALITY CONTROL  2.00 

RADIO TELEMETRY AND REMOTE CONTROL   

VEHICULAR COMMUNICATIONS   2.00 

C YD 
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Whenever circuits call for precision 
and high resolution in compact space... 

i. 
There's a W-turn Helipot 
to meet your requirements 

With the development of the original HELIPOT— 
he first multi-turn potentiometer —an entirely new principle of 
)otentiometer design was introduced to the electronic industry. 
t made possible variable resistors combining high resolution and 
ligh precision in panel space no greater than that required for 

:onventional single-turn potentiometers. 

The Helipot High resolution and precision settings require a long slide 
wire. But by coiling a resistance element into a helix, it 

Principle.., is possible to gain desired resolution and precision without 
wasting panel space. This principle is applied in various Helipot models 
with slide wires ranging from 3 to 40 helical turns. 

Advantages are immediately apparent. In the case of the widely-used 
10-turn Model A Helipot, for example, a 45" long slide wire—coiled 
into ten helical turns—is fitted into a case 13/4 " in diameter, and 2" in 
length. Another advantage of the 10-turn pot is that, when equipped with 
a turns-indicating RA Precision DUOD1AL, slider position can be read 
directly as a decimal, or percentage, of total coil length traversed. 

10-TURN  HELIPOT  MODELS —CONDENSED 
Model A 

SPECIFICATIONS 
Model AN Model AJ 

No. Of turns 10 10 10 

Resistance Range 10 ohms to 
100,000 ohms 

100 ohms to 
250,000 ohms 

100 ohms to 
50,000 ohms 

Resistance Tolerance: 
Standard 
Best 

7.- 5% 
4-1% 

- 5% 
-,1% 

• 4- 5% 
4-3% 

'Linearity Tolerance, 
Standard 
Best 

+0.5% 
-i-0.05% 
Ilk ohms 
and above) 

-1- 0.5% 
t 0.025% 
(51( ohms 
and above) 

4-0.5% 
±0.1% 

(above 5K ohms) 

Rower rating a 40% 5 watts 5 watts 2 watts 

Mechanical Rotation 3600° +4* 
-0° 

3600° +1• 
-0' 

3600° + 12' 
-0' 

Electrical Rotation 3600 ° +4° 
-0° 

3600• +1° 
-0° 

3600° +12' 
-0° 

Starting Torque 
2 oz. in. 1.04-.3 oz. in. .75 oz. in. 

Running Torque 1.5 on. in. 0.64-.3 on. in. .60 oz. in. 

Net Weight 
4 oz. 4 oz. I on. 

'i.e. INDEPENDENT LINEARITY. The above linearity tolerances are based on the fol-
lowing definition recently proposed to clarify and standardize nomenclature related to 
precision variable resistors...."Independent linearity is the maximum deviation in per-
cent of the total electrical output of the actual electrical output at any point from the 

best straight line drawn 

-----

yr yam.. .464•••••= 1  
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, 
, 

, • T 

/ 

through the output 
versus rotation curve. 
(This line shall be 
measured through the 
extent of the effective 
electrical angle.) The 
slope and position of 
the straight line from 
which the linearity de-
viations are measured 
must be so adjusted as 
to minimize these de-
viations." 
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T H E Helipot 

0-Turn Helipot Highlights 
From the basic Helipot principle, model variations 
have been developed to meet new requirements: 

Model A Helipot 
the original 10-turn Helipot-
provides a resolution from 12 to 
14 times that of conventional 
single-turn potentiometers of 
same diameter (13/4 "), llnearl-
ties as close as +0.05% in re-
sistances as low as 1K ohms. 

The same multi-turn principle is also available in 3 turn units 
(Model C), and larger-diameter units of 15 turns (Model 13), 
25 turns (Model D), and 40 turns (Model E)-a type for every 
application from 5 ohms to 1 megohm. 

2   

32 NE, 1.1A05 

Model AN Helipot 
an ultra-precision version of the 
basic 10-turn Helipot. Produced 
in volume to extremely close 
electrical and mechanical toler-
ances, this unit features preci-
sion ball bearings (Class 5), 
servo mounting lid, plus linear-
ity tolerance as close as +0.025% 
as low as 5K. A 3-turn unit 
(Model CN) is also available. 

Models AN and CN are particularly recommended for precise 
servo-Mechanism applications and represent the most ad-
vanced design and highest quality available today in the field 
of precision potentiometers. 

0621 
It P;_11 
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TNNEAD 6-32NC-2 
.,o r DEEP 3 EQUALLY 
CAA SPACED MOUNTING POLES 

Model AJ Helipot 
a 10-turn miniature Helipot only 
34" in diameter, weighs 1 oz., has 
slide wire 18" long. Also avail-
able with servo mounting (Model 
MS) and servo mounting with 
hall bearings (Model AJSP). 
Linearities as close as -1- 0.1% 
as low as 5K. 

Designed for long life under severe operating conditions, the 
Al Series is widely used where small size and weight are vital. 

Design detail, in above units are sub ect to change elthout notice. 
draining , as allatile upon rrour*I. 

gAy "Mi nt is oblo to supply —in volume—multi-turn helical 
potentio   with special features to meet your particular 
needs . . . Special Shafts, Extra Spot Welded Taps at any posi-
tion, Ganged Assemblies (except AJ), Special Temperature Co-
nfidants, etc. Send us your requirements, 

For complete details contact 
your nearby Helipot represent-
ative. Or write direct. 

C O R P O R A T I O N 

A subsidiary of Beckman Instruments, Inc 

SOUTH PASADENA  6, CALIFORNIA 
Field Offices: Boston, Now York. Philadelphia. Rochester. Schenectady, Cleveland, Detroit, Chicago. St. Louis, 
Los Angeles. Belittle, Dallas, High Point, N. C. and Fort Myers, Florida. In Canada: J. 8. Root. Toronto 

Export Agents: Frathom Co.. Now York 36, Now York. 
• 
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from Research, through 
Design, Development 
and Production ... 
. . . all working together as a unified team . . . that's 
Amphenol! 
Every one of the over 9,000 electronic components in the 

Amphenol line has been tested and twisted, frozen and 
baked and in some instances simply "shocked" to death. 
This testing and checking occurs not only in preliminary 
design and development stages, actual production samples 
are also "tortured" in order that Amphenol engineers may 
know the complete strength and weakness of each design, 
finish and material. 

One of the principle strengths of the Amphenol team is 
the vast accumulation of engineering experience and ability 
at Amphenol. Amphenol's customers recognize this fact 
and bring their application problems to Amphenol. As a 
result, over 75% of the Amphenol line has been developed 
to meet specific needs in the electronic industry. 
Rigid quality controls have been set up to assure the 

equipment manufacturers that each Amphenol component 
will perform as specified. 
The exacting nature of equipments requiring quality 

electronic components, as well as the continued growth in 
the number of manufacturers who specify Amphenol, has 
developed a highly specialized, highly productive, multi-
plant operation. 
The net result of this finely coordinated team of special-

ists, working with the most modern equipment in produc-
tion-engineered buildings, provides a higher level of con-
sistent quality with greater achievement in delivered 
efficiency. 

AMERICAN  PHENOLIC  CORPORATION 
1830 SOUTH 54TH AVENUE • CHICAGO 50, ILLINOIS 

AMPHENoi. , 

Industrial Engineering 
Notes' 

MOBILIZATION NEWS 

Current demand for antennas is much 
greater than during the first seven months 
of this year and only part of the upsurge is 
attributable to the usual season increase, 
the Antenna Manufacturers Industry Ad-
visory- Committee told the NPA. The 
opening of new TV stations, together with 
channel changes by existing stations and 
improvements in sensitivity of receiving 
sets is increasing the demand for large 
units as well as home-type antennas. The 
committee also reported that antenna re-
placements have more than doubled and 
further increases may be expected. The 
larger units require about twice the amount 
of aluminum and considerable more steel 
and copper than the smaller units being re-
placed.... Defense Mobilizer H. H. Fow-
ler has reported to the President that the 
output of electronic equipment for the 
military now is running at a rate more than 
double that of a year ago... . Brigadier 
General David Sarnoff, chairman of the 
board of the Radio Corporation of Amer-
ica, has been named by Defense Secretary 
Robert Lovett, to head an investigation of 
the utilization of manpower in the armed 
forces. The group, known as the Citizens 
Ndvisory Commission on Manpower Uti-
lization in the Armed Forces, will comprise 
10 other prominent citizens —six civilians 
and four retired military officers. The 
study was proposed by the Senate Pre-
paredness Subcommittee which recently 
has accused the military of dragging its 
feet in setting up the group. General Sar-
noff estimated that the study would take 
a year or two, but he promised to make 
recommendations as the investigation pro-
gresses. 

INDUSTRY STATISTICS 

Production of television receivers in 
August, 1952 increased by 171 per cent 
over the corresponding month of 1951, as 
the radio output dropped three per cent, 
according to reports to RTMA. RTN1A es-
timated the industry's output at 397,769 
TV sets compare41 with 146,705 units in 
August, 1952. The August radio produc-
tion was estimated at 543,802 units com-
pared with 563,407 sets manufactured in 
the same 1951 month.... Sixty-eight per 
cent of the television picture tubes sold to 
receiver manufacturers in August, 1952 
were 18 inches and larger in size, accord-
ing to reports to RTMA. Sales to set man-
ufacturers in August totaled 394,605 units 
valued  at $8,913,358 compared  with 
239,625 tubes valued at $5,165,256 in 
July, 1952. Ninety-nine per cent of the 
cathode-ray tubes sold to receiver manu-
facturers in the month were rectangular in 
form and 16 inches and larger in size... . 

1The data on which these NOTES are based were 
selected by permission from Industry Reports, issues 
of October 3, October 10. and October 24. 1952, pub-
lished by the Radio-Television Manufacturers Asso-
ciation, whose co-operation is gratefully acknowl-
edged. 
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Industrial Engineering 
Notes 

C,,nttnued frcm tag, 66.1 

The FCC has released the final financial 
data covering the 1951 operations of the 
AM-FM radio broadcasting industry. 'File 
final figures supplant the preliminary sta-
tistics issued earlier this year. In the main, 
the report showed: 1. Total radio (AM-
FM) revenues of seven networks and 2,241 
radio stations reached a record high of 
$450.4 million in 1951, an increase of 1.3 
per cent over 1950. Radio income (before 
Federal income tax) declined, however, to 
$57.5 million or 15.7 per cent in the earn-
ings of the networks from radio operations 
coupled with a slight decline of about 4 per 
cent in the earnings of individual radio sta-
tions. 2. Twenty-four per cent (519) of the 
almost 2,200 AM stations reported losses 
from 1951 operations—the smallest pro-
portion of AM losers since 1946. The bulk 
of the losers, 77 per cent (400), started op-
eration since ‘Vorld War II. However, this 
number represented only 29 per cent of the 
1,384 stations that went on the air since 
that date. Of the 800 odd prewar AM sta-
tions, 15 per cent reported losses. Of the 66 
FM-only stations, 60 reported losses from 
1951 operations. 3. The year 1951 marked 
the first time that the proportion of AM 
losers was greater in TV markets than in 
non-TV markets. Almost 31 per cent of the 
former lost money as compared to 21 per 
cent of the latter. The proportion of losers 
appeared to be greatest among non-net-
work affiliates in the TV markets with 36.5 
per cent of such stations reporting losses. 
4. The average prewar ANI station re-
ceived almost $300,000 in total revenues 
from which it earned a profit (before Fed-
eral income tax) of slightly above $50,000. 
The average postwar AM station (elimi-
nating those in operation less than t",,, 
years) received almost $100,000 in re% (-
noes from which it earned a profit of ap-
proximately $7,500. . . Production of tel-
evision receiver in September, 1952 in-
creased 124 per cent over the industry 
output in the corresponding month of 1951, 
according to RI NI A's estimates. However, 
the radio receiver output dropped consid-
erably under last ,•ear. The RTNIA report 
for September, a five-week period, showed 
the manufacture of 755,665 television sets 
as against 337,341 units in the same month 
of last year. The radio output was esti-
mated at 865,654 sets compared with 
1,100,246 units in September, 1951. 

NEW RECEIVER BEING PRODUCED 

A new general utility radio receiver, de-
veloped by the Rauland Corporation, is 
being produced for the army by the Emer-
son Radio and Phonograph Corporation, 
the Signal Corps announced recently. The 
new unit is designed for use in all types of 
armored and personnel vehicles, gun car-
riages, and field and fixed installations. 
Designated the AN /61414-5, the re-

ceiver is designed to achieve maximum 
ruggedness and reliability under all operat-
ing conditions. It is immersion proof and 
concussion proof and is capable of opera-
tion from dry battery, storage or mobile-
type battery, or ac power line. 

(Continued on page 70.4) 
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Electronic 
Components 
by AMPHENOL 
Consult Amphenol for your 
connector and cable requirements 
in radio and power circuits. 
Over 9,000 items are available 
in the general categories listed 
below, plus application and 
development engineering 
consultation, at Amphenol. 

AN Type CONNECTORS 

RF Type CONNECTORS 

AUDIO CONNECTORS 

POWER PLUGS 

BLUE RIBBON CONNECTORS 

RACK and PANEL Type CONNECTORS 

INDUSTRIAL SOCKETS 

MINIATURE SOCKETS 

TUBE SOCKETS and 

RADIO COMPONENTS 

MICROPHONE CONNECTORS 

RG COAXIAL CABLES, 

TEFLON and POLYETHYLENE 

CABLE and WIRE ASSEMBLIES 

PLASTICS — EXTRUDED and 

INJECTION MOLDED 

W rite Department 13H for 

your copy of General Catalog B-2 

AMERICAN 

PHENOLIC 
CORPORATION 

CHICAGO  50 

RG COAXIAL CABLES, 

ii 
TEFLON 

POLYETHY 

*44 PHENOL. 

RF Type 

CONNECTORS 

AN Type 

CONNECTORS 

BLUE RIBBON 

CONNECTORS 

jRACK and PANEL 
Type CONNECTORS 
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In the many fields using 
W hen you seek 

the utmost in 

\\. 
"wet 

N. FM tuning cores 

Core resistivity 

I. F. Cores (TV) 

Permeability Tuner Cores 

I. F. Cores (BC) 

Low modulation and hysteresis 

Low modulation, but good permeability 

Stability 

Density 

Green Strength 

Smooth machining 

Sintering at low temperatures 

Finest particles 

Magnetic fluids, dispersibility 

Permeability 

Purity — for high purity alloys 

t71:4V$ 
G A & F Carbonyl 
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mn Powders... 
Try these types of G A & F 

Carbonyl Iron Powders 

TH, SF 

L, HP 

SF 

1 E, TH, SF 

HP 

L, HP 

E, TH, SF 

SF 

HP 

41110 

We !mato you to write 
for your copy of the book pic-
tured below — which will give 
you a far more detailed and docu-
mented description of the various 
types of G A & F Carbonyl Iron Powders. 

Even more important, _if you are one of the few 

whose requirements call for still greater stability, density, 
permeability, etc.—than are normally offered by any of 
our standard types—we invite your inquiry. Our sales 
engineers and sales service men will welcome the oppor-
tunity to supply samples or to work with you—in either 
laboratory or application tests—to help you find the an-
swer to any problem that is logically within our province. 

This wholly ne w 32-page book offers you the 

most comprehensive 
treatment yet given to the 
characteristics and appli-
cations of G A & F Car-
bonyl Iron Powders. 
80r,; of the story is told 
with photomicrographs, 
diagrams, performance 
charts and tables. For 
your copy—without obli-
gation — kindly address 
Department MJ. 
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Iron Powders... 
PROCEEDINGS OF TIIE I.R.E.  December, 1952 



ENGINEERS ...TECHNICIANS! .. here is your Industrial Engineering 

VERSATILITY, COMPACTNESS, QUALITY 
Few instruments will prove so 
handy in so many ways as this 
versatile B& W Model 600 Dip 
Meter! Ideal for lab, production, 
service or ham shack use, it pro-
vides a quick, accurate means 
for measuring resonant circuit 
frequencies, spurious emissions 
and many other tuned circuit 
characteristics. Shaped for easy 
use in today's compact electronic 
assemblies, highly sensitive and 
accurately calibrated, it incor-
porates many features previously 
found only in higher-priced instru-
ments. You'll find dozens of uses 
for it as ... 

A Grid Dip Oscillator for determin-
ing resonant frequencies of tank 
circuits, antennas, feed line sys-
tems, and parasitic circuits; align 

Dip 
Meter 

ing filters and traps: peaking coils, 
neutralizing and tuning transmit-
ters before power is applied. 

An Absorption Wave Meter for E1C• 
curately identifying itie frequency 
of radiated power from various 
transmitter stages: locating spuri-
ous emissions causing troublesome 
TV and radio interference, and 
many similar uses.  • 

An Auxiliary Signal Generator 

providing a signal for tracing pur-
poses and for preliminary align-
ment of receivers, converters, and 
I-F stages. 

An R-F Signal Monitor for audible 
observation of hum, audio quality, 
and other audible characteristics 
of radiated power. 

For Capacity, inductance, and "Ct" 

measurements in conjunction with 
other components of known value. 

TECHNICAL FEATURES 

Covers 1.75 to 260 mc. in 5 bands. 

Adjustable sensitivity control 

Size 3" x 3" x 7. Weight 2 lbs. 

Handy wedge-shape for easy ac-

cess in hard-to-get-at places. 

Monitoring  jack  and  B  OFF 
switch. 

it  Rust-proofed chassis, alu minu m 
case. 

V  Built-in  power supply for  110 
volts A.C. 

Sold by leading distributors throughout U. S. A. and Canada 

Data bvIletin sent on request. 

BARKER &WILLIAMSON, INC. 
237 Fairfield Avenue Upper Darby, Penna. 

Notes 

(Continued from page 67,1) 

TELEVISION NI. Ws 

The authorizations for 72 new TV sta-
tions have been granted, as of October 16, 
since the FCC lifted its "freeze" on new 
construction. The Commission also has 
approved a special temporary authoriza-
tion for KIITV (TV), Denver, Cob., the 
nation's third post-freeze station to get on 
the air. The STA was effective September 
29, 1952, and authorizes the outlet to Op-
erate with 12.5 kw visual and 6.3 kw aural 
on channel 9.... The National Broadcast-
ing Company will test a radio-type micro-
phone in the studios of KNBH(TV), 
I lolly wood, Calif., the Federal Commun;-
cat ions Com Wission announced recent ft. 
A special temporary authorization was 
granted by FCC for the device which will 
operate in the frequency band 49.48 to 
49.52 mc. Tests will be conducted during a 
30-day period to determine the usefulness 
of the microphone in the production of tel-
evision programs, it was reported. . . . 

- Frequency space totaling 420 mc was re-
quested recently by representatives of mo-
tion picture companies d tiring the opening 
sessions of an FCC hearing on the question 
of theatre television. During the hearings, 
it was pointed out that the case is not one 
of lk ensing facilities, as its scope is limited 
to the allocation of frequencies. Inchuled 
among the Commission's issties ill I 11,• case 
in the event it decides to establish a thea-
tre-TV service, is whether the new service 
should be operated on a cormnon carrier or 
some other basis. The motion picture wit-
nesses emphasized that the) were not ask-
ing for any frequencies used by or allocated 
to home television broadcasting, including 
those for pickup and relay purposes. All 
the theatre spokesmen indicated that any 
allocation of frequencies would be taken 
away from services other than TV which 
currently are not using their allocated 
space. The proposed theatre-TV freqtien-
cies now are allocated to the common car-
rier service, land mobile, and the fixed 
services. Theatre spokesmen declared that 
they wanted a TV service comparable in 
quality to 35 miffimeter motion pictures. 
They are proposini' a 735-line system with 
a 10 me video band and a total channel 
width of 30 inc. Plaits of the theatre group 
involve six separate intercity systems each 
with two channels but with no city having 
more than 3 channels available to it. 

FCC ACTIONS 

E. H. Merrill has been named a mem-
ber of the Federal Communications Com-
mission by President Truman. He will fill 
the vacancy created by the resignation of 
Robert F. Jones. The appointment is for 
two years to fill Mr. Jones' unexpired term 
of office. Most recently, Mr. Merrill has 
been Director of Materials in the Office of 
Programs and Requirements of the De-
fense  Production  Administration.  He 
joined the National Production Authority 

(Continued on page 72A) 
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-lip- 485 Detector Mounts 

-hp- 281A Waveguide-Coax Adaptors 

New broad band Adaptors and Detector Mounts 
offer high accuracy, easy operation, low cost 

Model 485 Detector Mounts and 281A Adaptors typify 
the new -hp- line of precision waveguide test instruments. 
Each has the simplest possible construction consistent with. 
its basic function. Each covers the complete frequency range 
of its waveguide size and is wholly integrated with other 
equipment for the same band. Novel circuitry plus simple 
mechanical design insure highest accuracy and stability, pro-
vide utmost operating ease and permit quantity production 

at low cost. 

-hp- 485 Detector Mounts 
These mounts oiler new convenience in measuring micro-
wave power with a bolometer, or detecting rf energy with 
a crystal. A single tuning control adjusts match easily and 
quickly. (See Figure 1.) For optimum match, mounts may 
be preceded by a slide-screw tuner such as -hp- 870A. 
Detected output appears at a BNC jack, and may be meas-
ured with an -hp- 430B Microwave Power Meter or an -hp-
415A Standing Wave Indicator. 
-hp- 485B Mounts are tunable and available in wave-

guide sizes 2" x 1",  x  I  X  /4" , and 1" x %". Maxi-
mum VS WR when used with a Sperry 821 barretter is 1.25. 
These mounts also accommodate 1N21 and 1N23 crystals. 
-hp- S4854 Mount is for use with 3"x 1V2" waveguide, 

and employs only a Sperry 821 barretter. It requires no 
tuning, and maximum VS WR is 1.25 at any point in the 

frequency band. 

-hp- 281A Adaptors 
These adaptors provide a convenient means of transmission 
between waveguide and coaxial systems. Power may be fed 
in either direction, and each unit covers the full frequency 
range of its waveguide size with VS WR less than 1.25. 
(See Figure 2.) Coaxial connections are made to a standard 
Type N plug, and waveguide connections to a plain AN 
flange. -hp- 281A Adaptors are offered in all waveguide 
sizes covering the frequency range from 2.6 to 12.4 kmc. 

..S, 

i MI W I/ 
1•11. 

Figure 1. Typical VSWR vs. Frequency ,-hp- 485A, 
when used with barretter. 
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Figure 2. Typical VSWR vs. Frequency, -hp- X281A. 

It 

For complete details, see your-hp- field representative or write direct 

HE WLETT-PACKARD CO MPANY 
2478D PAGE MILL ROAD • PALO ALTO, CALIFORNIA 

Instruments for Complete Coverage 
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Delivery from stock . . • 

4,00-Je Johnson Steatite and Porcelain insulators 
where quality is essential to performance 

• Low loss factor and 

moisture absorption 

• Maximum voltage 

breakdown ratings 

• Fracture resistant 

• Heavily nickel plated 

brass hardware 

Items from 

1 044: 

JOHNSON low-loss Steatite and procelain 
insulators are rugged . . . performance 
proved throughout the years. Highly fracture 
resistant, dense molded and glazed for low 
moisture absorption. Available with DC-200 
impregnation. Stable performance under 
adverse operating conditions. Extended 
creepage paths develop maximum voltage 
breakdown ratings, heavy integral mounting 
bases withstand heavy compression loads 
and considerable lateral stress. For com-
plete information on the standard JOHN-
SON insulators shown here, or types custom-
built to specification, call or write today. 

Catalog No. 973, send for your free copy now! 

E. F. JOHNSON COMPANY 
CAPACITORS, INDUCTORS, SOCKETS, INSULATORS, PLUGS 
AND JACKS, KNOBS AND DIALS, AND PILOT LIGHTS 

204 SECOND AVENUE SOUTHWEST •  WASECA, MINNESOTA 

Industrial Engineering 
Notes 

(Continued from page 70.4) 

early in its formation and moved to DIJA 
when it was created early in 1951. Front 
1945 to 1950, Mr. Merrill was with the 
United States Military Government in 
Germany as Chief of Communications. In 
this post he was responsible for the alloca-
tion of frequencies for the occupation 
forces and German civilian population for 
broadcasting, radio telecommunications, 
and other uses. During World War 11, Mr. 
Merrill was with the War Production 
Board, handling the allocation of mate-
rials to the telephone industry. He also has 
served with the Public Service Commission 
of Utah, his home state. . . . The FCC has 
finalized its proposal to add 540 kc to the 
standard broadcast band. The AM broad-
cast band for use ill the United States is 
now specified 535 to 1,605 kc, in lieu of 550 
to 1,600 kc. Use of the additional channel 
(540 kc), the FCC said, will be subject to 
the "harmful interference" provisions con-
tained in Section 2.104(a) of the Table of 
Frequency Allocations rules. United States 
Class 11 stations will recognize the priority 
of use on the 540 kc channel given to Can-
ada under provisions of the pending North 
American Regional Broadcasting Agree-
ment (NARBA). 

700 ATTEND RTMA MEETING 

Registration at the 1952 Radio Fall 
Meeting held in Syracuse, October 20-22 
totaled 700 and approximately 350 persons 
attended the annual dinner, according to 
V. M. Graham, chairman of the Fall Meet-
ing committee. The event is sponsored an-
nually by the RTMA engineering depart-
ment. 
Dr. E. W. Engstrom, of RCA, was pre-

sented a plaque at the dinner on October 
21, for his "contributions in the field of tri-
color picture tubes." J. W. McRae, of the 
Bell Telephone Laboratories, was toast-
master. 
Dr. W. R. G. Baker, director of the 

RTMA engineering department, showed 
movies of his recent trip to the Korean bat-
tlefields. The next Radio Fall Meeting will 
be held at Torontq, Canada, on October 
26-28, 1953. 

RESEARCH NEWS 

A constant-amplitude oscillator which 
provides an RF voltage that remains rea-
sonably stable regardless of changes in 
tube parameters, supply voltage, heater 
voltage, or load impedance has been devel-
oped by the National Bureau of Standards. 
The device is reported to consist essentially 
of a conventional oscillator with a diode 
connected across the terminals. Output 
stability is provided by a biased control 
damper tube sharing the same plate-drop-
ping resistor with the oscillator. Full infor-
mation on the constant-amplitude oscil-
lator appeared in the November, 1952, is-
sue of the NBS Technical News Bulletin. 

(Continued on page 74A) 
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If you 

want to get tough 

in your assemblies, 

power resistors 

* The green-colored power resistors so conspicuous 
these days in dependable radio-electronic and elec-
trical assemblies, are GREENOHMS. No tougher 
resistors made. That statement is sustained by labora-
tory tests. Likewise by countless case histories out 
in the field. 

Unimpaired wire winding firmly imbedded in exclu-
sive cold-setting inorganic cement. Exceptional heat 

Greenohm Jr. — point-to-
point wired power resis-
tor sealed in ceramic 
tubular casing. 4, 7 and 
8 watt. 

Flat Greenohms for flat 
mounting individually, 
or for stacked arrays. 30 
to 75 watt. 

you can 

In the 
heavy-weight 
division — 
fixed and 
adjustable 
Greenohms — 
up to 200 watt. 

conduction and surface radiation. Heavy overloads 
handled without damage. Severe heat-shock 
resistance permits extreme on-off operation without 
flinching. And Greenohms last and last. 

Choice of standard types. Also in virtually unlimited 
special types. Wide selection of resistance values, 
wattages,-taps, terminals, mountings. And remember, 
Greenohms cost less though they offer you more! 

In the bantam-weight 
division —Sand 10 watt 
fixed Greenohms. 

Standees — convenient 
above-chassis 
mounting Greenohms in 
ceramic casings. 10 to 
25 watt 

stand pat with clarostat 
Engineering data on request. Send us your 

or control requirements for engineering aid 

MN• 

and quotations. Try Greenohms! 

What is the ideal resistance value? That's 
easy. With the Clarostat Power Resistor 
Decade Box inserted in actual circuit, 
handling actual load, you try the six 
knobs for anything from 1 to 999,999 
ohms. When right operating conditions 
are attained, read resistance directly off 
dials. Quick, simple, positive, economical. 

resistance 

Controls and Resistors 
CLAROSTAI MFG. CO., INC., DOVER, NEW HAMPSHIRE 
In Canada: Canadian Marconi Co., Ltd., T0f01110, Ontario 
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W e want to thank 

all our friends 

for their wonderful support 

in the past year 

... and to extend 

our best wishes for a 

very prosperous 

1953 
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... A number of new manufacturing tech 
niques and materials of interest to the 
electronics industry are reported in the 
September, 1952 issue of the Bibliography 
of Technkal Reports, by the Office of Tech-
nical Services, Department of Commerce. 
The "Bibliography" review reports on sci-
entific and technical research done under 
or w ith the financial aid of the government. 
It is available for 50 cents per copy or 
$5.00 a ).ear through the Office of Tech-
nical Services, Department of Commerce. 
Washington 25, D. C.... The National 
Bureau of Standards has reported that it is 
investigating the feasibility of detecting 
incipient failures of electronic equipment 
long before they perceptibly affect the 
over-all performance. The study is de-
igned to help insure higher reliability in 
electronic equipment. Quick and easy fail-
ure-prediction checks by unskilled person-
nel reportedly are the goal of the NBS 
work, which is bring sponsored by the Of-
fice of Naval Research. NBS has evolved 
a technique experimentally in which a 
maintenance man simply plugs a failure-
prediction unit into the slightly-modified 
equipment to be checked and turns a mul-
tipoint selector switch. A red light then 
flashes on to identify stages or component, 
that have deteriorated below safe levels 
and have become prospective causes of 
equipment failure. In accelerated-aging 
experiments on a military radio receiver, 
the Bureau reports that it has been able to 
predict most failures many hours before 
they occur. Details of the work in the pre-
diction of electronic failures will appear in 
the December issue of the NBS Technical 
News 

STUDENT 

BRA NC H 

MEETINGS 

LTURAL AND VICHASICAL COLLEGE 
OF TEXAS. IRE-.kIEE Ba.s.scn 

'Activities of Joint AIEE-1RE Student Branch 
This Year .• by N. F. Rode and H. C. Dillingham; 
septeruber 30. 1952. 

USIVISISITY or ALRERIA, IRE-AIEE 
BRANCH 

•History of I RE• by .1. W. Porteous. Faculty 
University of Alberta. October 8. 1932. 

BROWN L•NIVERSITY. IRE-AIEE BILASCH 

•Proceedings of an Engineering Instructors In-
.,iute.  by M  F. Gordon and 'Observations of 
Recent Engineering Graduates in Research.  by 
I Ruins. Faculty. Brown University; October 8, 
1952. 

BLVIENELL UNIVERSITY, IRE-AIEE BRANCH 

• General Businem Meeting; September 25, 1952. 
General Business Meeting; October 8, 1952. 
Inspection tour of IB M plant; October 15. 

1952. 
(C. ,..tinsoed ow page 76,1) 
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CLARE offers the widest variety of 

HERMETICALLY SEALED RELAYS 

for most exacting design requirements! 

Considerable cost and space can often be saved by 

sealing more than one relay in an enclosure. Illustra-
tion shows six CLARE Type "K" relays, associated 

resistors and capacitors, wired and mounted in a 

common enclosure. 

What CLARE 
Hermetic Sealing 
Means: 
After assembly in the container, 
the enclosure is attached to a 
high vacuum pump and pumped 
down to a few microns pressure 
to remove all traces of moisture 
and gases, then flushed with ciry 
nitrogen, and again pumped down. 

While under this extreme vacuum, 
the enclosure and seals are tested 
for leaks by means of a Mass 
Spectrometer —a device so sen-
sitive that it can detect a leak so 
tiny that more than thirty-one 
years would be required for one 
cubic centimeter of air to pass 
through it. This highly refined 
method of leak testing causes re-
jection of many enclosures which 
could pass the usual immersion 

tests without detection. 

For most applications, the enclo-
sure is then filled with dry nitro-
gen, which has a relatively high 
arcing potential. 

Here is one of over 300 plug-
in relays in the CLARE SK-5000 

series. 

CLARE Type "N" relay in a 

Series SN-41000 container. 

N THE fourteen years since CLARE first began the development of 
I hermetically sealed relays for airborne, military and industrial use, 
CLARE has developed over 50 different series of hermetically sealed 

relays. 

Each series varies in the size of the container, the number and kind of 
terminals, mounting facilities and the type or types of relays which can 
be sealed in it. Within each series, innumerable variations of relay coil 
and contact specifications are possible. 

Two things, however, never vary: the high quality of the CLARE 
relay which goes into each enclosure and the completely airtight sealing 
which permits no gas or spirit to escape from the enclosure or enter it., 

If your product requires the use of hermetically sealed relays, CLARE 
can supply you just the relay you need from this wide variety, or will 
develop and seal for you a special, "custom-built" relay to meet your 
most exacting requirements. 

Send for CLARE BULLETIN NO. 114 on Hermetically Sealed Relays or 
contact the nearest CLARE sales engineer for complete information. 
Address: C. P. Clare & Co., 4719 West Sun nyside Avenue, Chicago 30, 
Illinois. In Canada: Canadian Line Materials Co., Ltd., Toronto 13. 
Cable address: CLARELAY. 

CLA M Rimy.  
...First in the Industrial Field 



We're sorry, but we think it's only fair to tell 

possible new customers our Standing Room Only 

sign must be changed to Sold Right Out! 

The design and production facilities of our 

microwave department are now taken over by 

the increasing requirements of our present 

customers. Because of our responsibility to them, 

this situation may continue quite a while. 

We are sorry to say this because we enjoy 

making new friends. But we feel that we should 

tell those who might be interested in our 

engineering and manufacturing facilities, that 

for some time we may not be able to serve them. 

Any change in the situation will be announced 

in this publication. 

DESIGN • RESEARCH • PRODUCTION 

Microwave Transmission Lines and Associated Components 

16 Wcst 61st St.  • New York 23, N. Y.  • Circle 6-4760 
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CALIFORNIA STATE POLYTECHNIC COLLEGE, 
IRE BRANCH 

"The Engineer and the Army." by Col. James 
Foster. Operations & Training Officer, U. S. Army 
Signal Corps; October 2, 1952. 

UNIVERSITY OF COLORADO. 
I RE-A I EE BRANCH 

'Reason for Sudan expedition to observe 
eclipse," by Dr. Billings and Mr. Cooper, Scientists; 
September 24, 1952. 

'The Instrument Story." by Mr. Henry Her-
ring. Educational Director. Weston Electrical In-
strument Corp.; October 8, 1952. 

UNIVERS! TY OF DENVER. IRE-AIEE BRANCH 

"Instrument Construction and Their Applica-
tion," by Mr. Herrings, Weston Instrument Co.; 
October 6. 1952. 

UNIVERSITY OF DETROI T. IRE-AIEE BRANCH 

General Business Meeting; September 30, 1952. 

UNIVERSITY OF FLORIDA. IRE-AIEE BRANCH 

General Business Meeting; September 30. 1952, 

GEORGE WASHINGTON UNIVERSITY, IRE BRANCH 

Engineers Mixer, sponsored by the Engineers 
Council of the School of Engineering; October 1. 
1952. 

MANHATTAN COLLEGE, IRE-AIEE BRANCH 

'Transformers, Principles & Applications, • by 
Thomas Keene. General Electric Co.; October 22. 
1952. 

MICHIGAN COLLEGE OF MINING & TECHNOL-
OGY. IRE-AIEE BRANCH 

'Amateur Radio Station of MCMT,  by 
J. Bremer. Student Member. IRE; September 23. 
1952. 

'Experience and the Young Engineer." by 
George Roman, Faculty, Mich. Tech.; October 7. 
1952. 

MISSISSIPPI STATE COLLEGE. IRE BRANCH 

Election of Officers; October 2. 1952. 
'Future For Engineers," by G. Reits. Educa-

tional Director. General Electric; October 16. 1952. 

MISSOURI SCHOOL OF MINES & METALLURGY, 
IRE-AIEE BRANCH 

General Meeting; September 18. 1952. 

UNIVERSITY OF NEBRASKA. IRE-AIEE BFIANCII 

General Business gbeting; September 23, 1952, 

COLLEGE OF THE CITY OF NEW YORK. 
IRE BRANCH 

General Meeting; September 15, 1952. 

NEW YORK UNIVERSITY (Evening Division) 

IRE-AIEE BRANCH 

General Meeting; October 10. 1952. 

NORTII DAKOTA AGRICULTURAL COLLEGE. 
IRE-AIEE BRANCH 

'Membership in the Student Branch of AIEE 
and IRE." by E. M. Anderson, Faculty. N. Dakota 
Agricultural College; October 1, 1952. 

OKLAHOMA AGRICULTURAL & MECHANICAL 
COLLEGE, IRE-AIEE BRANcH 

'Microwave Radio Relay." by C. C. Flora. 
Southwestern Bell Tel. Co.; September 22. 1952. 

General Meeting; October 13, 1952. 

OREGON STATE COLLEGE. IRE BRANCH 

'25 KV Under the Sea." by John Mather. Elec-
trical Engineer. S.P.A.; September 30. 1952. 

(Continued on page 78A) 
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Guard Your 
Good Name! 

with Electronically:is levied 
BUSS FUSES 

Dependable Electrical Protection for:' 

Television • Radio • Radar 
Instruments • Controls • Avionics 

PhiS a companion line of Fuse Clips, Blocks and Fuse holders 
The cost of a fuse is small, compared to the value .of the 

product it protects, — but the customer influence of a BUSS 

Fuse can be many times greater. The name BUSS is 

recognized as meaning fuses of unquestioned high quality. 

What better "silent salesmanship" could you ask for 

to complement your product? 

To maintain this high standard each and every BUSS fuse 

is tested in a highly sensitive electronic device that rejects 

any fuse that is not correctly calibrated — properly 

constructed and right in physical dimensions. 

When your problem is electrical protection, call in a 

BUSS Fuseman. He is at your service and can make 
available to you the World's largest fuse research laboratory 

and the World's largest fuse production capacity. 

This Coupon will bring you — 
facts on BUSS small dimension fuses, 
fuse clips, blocks and fuse holders. 

IBUSSMANN MFG. CO.  Division o' McGrew Electric Company 
University at Jefferson  St. Louis 7, Mo. 

illustration Mfg. Co., Univisrsity at Jefforson, 
St. Louis 7. Mo. (Division of McGraw Eloctrk Co.) 

I  Please send me bulletin SFB containing (acts on 
BUSS small dimension fuses and fusi holders. 

Norms_ 

Title   

Company   

Addfoss 

City & Zone    mE.1252 
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ACTUAL 
SIZE 

NON-DIMMING 
No 8 1930 621 

PILOT LIGHTS 
for AIRCRAFT 

AND IMPROVED IN 
IMPORTANT DETAILS 

SUB-MINIATURE INDICATOR ASSEMBLIES 

A great aid to your miniaturization program 

MOUNT IN 15/32" HOLE 

ALL LENS COLORS 

Easy lamp replacement 
with any midget flanged 

base lamp types 

Complete blackout 
or semi-blackout 
dimmer types 

A MY/ 
_ammo/ 

MECHANICAL 
DIMMER 

No 11 1930-621 

THESE ASSEMBLIES LOGICALLY REPLACE 
LAMPS NO. 319, 320, and 321 

REPLACE 
WITH THIS 

NOT 
THIS 

OR 
THIS 

A11911111811 III 
luuuIlluulllluI 

PLASTIC PLATE (EDGE) LIGHT ASSEMBLIES 

— Ii mmll-

Lii 

AIR FORCE and BUREAU of AERONAUTICS 

MIL-L-7806  DRA WING MS-25010 

DIALCO No. TT-51 (Red filter-black top) 
... or, No. TT-51A, complete with No. 327 Lamp 

ALSO MADE 
with other filter colors 
and with light-emitting 
top (for indication) 

ALL OF THE ASSEMBLIES ILLUSTRATED 
ACCOMMODATE LAMPS NOS. 327, 328, 330, and 331. 

ANY ASSEMBLY AVAILABLE COMPLETE WITH LAMP 

SAMPLES ON REQUEST —NO CHARGE 

forcntost Manufacturer of Pilot Lights 

The DIU LIGHT COMPANY of AMERICA 
60 STEWART AVENUE, BROOKLYN 37, N. Y.  HYACINTH 7-7600 

ACTUAL 
SIZE 

(Continued from page 76, 4) 

PF.NNSYLVANIA STATE COLLEGE. 
IRE-AIEE BRANCH 

General Meeting; September 25. 1952. 

UNIVERSITY OF PITTSBURGH. IRE BRANCH 

'Underwriters' Laboratories." by Mr. L. F. 

Lauer. Inspector. Underwriters' Laboratories Inc.; 
October 16, 1952. 

RENSSELAER POLYTECHNIC INSTITUTE, 

IRE-AIEE BRANCH 

"The Instrument Story," by H. Bening, Wes-

ton Electrical Instrument Corp.; September 30. 
1952. 

STANFORD UNIVERSITY, IRE-AIEE BRANCH 

"Radio Astronomy." by Dr. Oswald Garrison 

%Ward. Jr.. Faculty, Stanford Univ.; October 8. 
1952. 

UNIVERSITY or TEXAS, IRE-AIEE BRANCH 

General Business Meeting; October 6. 1952. 

TUFTS COLLEGE, IRE-Al EE BRANCH 
Films: 'Shining Rails." 'Sightseeing at Home.' 

"Thunderbolt Hunters"; October 15, 1952. 

VIRGINIA POLYTECHNIC INSTITUTE. 
IRE-AIEE BRANCH 

General Meeting and Election of Officer.; Oc-
tober 7, 1952. 

General Meeting; October 14, 1952. 

WAYNE UNIVERSITY, IRE-AIEE BRANCH 

Business Meeting; September 23. 1952. 

WORCESTER POLYTECHNIC INSTITUTE. 
IRE-AIEE BRANCH 

General Business Meeting; September 29 1952 

AKRON 

"Exploitation of Message- Statistics.' by R. F. 

Graham. Bell Telephone Laboratories; September 
23. 1952. 

ATLANTA 
'Electronics at Work in the Petroleum Indus-

try,' by Dr. W. M. Rftst. Jr.. Director. Region 6; 
September 12. 1952. 

BALTIMORE 

'Concepts and Components in Modern Minia-

ture Deisgn." by V. Jacobs. Electronics Research 
and Development Laboratories. WADC; October 8, 
1952. 

BEAUMONT-PORT ARTHUR 

Discussion of Section Affairs; July 19. 1952. 
'High Fidelity Audio and Acoustical Equip-

ment." by H. A. Keep and Hoyt Hughes. Gulf Coast 
Electronics Corporation; September 23. 1952. 

BINGHAMTON 

'Application and Theory of Thyratrons." by 
D. E. Marshall, Westinghouse Electric Corporation; 
September 26. 1952. 

BUFFALO-NIAGARA 

'Telemetry and its Application to Pilotless Air-
craft.' by G. S. Hartloff, Bell Aircraft Corporation; 
September 17. 1952. 

(Continued on page 804) 
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UHF TELEVISION 
Standard Signal Generator 

t 

STANDARD SIGNAL GENE.,A1_,i• 

•  mODEL 04•Tv  ____ $( M. 451 

MEASUREMENTS CORRORATiON 
BOONTON  NEW JERFA. 

1111 .1 ,151, • 
.„ 
... -.. 
• 11 , 0 4!.. ,,-... 
.1  .."  • 

.., _..., 

Model 84-TV Standard Signal Generator has been 
developed to meet the need for a reliable signal 

source for the UHF Television band. Research re-
quirements as well as production testing needs are 
met with accuracy, stability and ease of operation. 

Important features extend the usefullness of this 
versatile new instrument to many applications with-
in its frequency range. Model 84 TV's combination 
of high output and low VSWR assures the owner 

SPECIFICATIONS 

FREQUENCY RANGE: 300-L000 megacycles. 

OUTPUT: .1 Microvolt to 1 Volt, across 50 Ohms. 

OUTPUT IMPEDANCE: 50 Ohms coaxial. 
MODULATION: Internal 400 cycle, continuously variable from 0 to 307.. Provision 

for external modulation of 50 to 20,000 cycles. 

LEAKAGE: Negligable. 
SIZE: Overall dimensions: 11 34 inches high, 19 inches wide, 11 inches deep. 

WEIGHT: Approximately 40 pounds. 

POWER: 115 volts, 60 cycles, 120 watts. 

Descriptive circular upon request 

• 
„ 

•••••• • 

w/o 

MODEL 84-TV 

of an instrument that will make a wide range of 
measurements with the reliability expected from 
Measurements Laboratory Standards. This instru-
ment is useful for driving slotted lines and other 
impedance measuring devices, as well as making 
direct gain measurements of RF amplifiers. 
Because of its low harmonic content, the char. 

acteristics of UHF filters, traps, antennas, matching 
networks and other circuits may be accurately 

measured. 

MEASUREMENTS  CORPORATION 
BOONTON  NE W JERSEY 

PROCEEDINGS OP THE I.R.E. 
December, 1952 

79A 



ASORAYORy 

PRECISION 

\.... •••se"-j  

Rettatao 

...offer you 15-20% more 
strength with lighter weight 

Stronger, lighter Precision Coil Bobbins 
have  greater  insulation,  moisture-

resistance and heat-dissipation, too. In-

creased coil winding space is another 
important extra. 

Flanges supplied with leads, slots, holes or plain 
—available flat, recessed or embossed to fit 

any mounting. Tube ends swaged to lock 
flanges. All sizes and shapes —round, square, 
rectangular —in dielectric Kraft, Fish Paper, 
Cellulose Acetate or combinations. 

Send Specifications tor Sample and ark 
for New Arbor List of 1500 Sizes 

PRECISION PAPER TUBE CO. 
2051 W. Charleston St. 

Plant No. 2, 79 Chapel St., Hartford, Conn. 
Also Mfrs. of Precision Coil Bobbins 

Chicago 47, III. 

C  I L S  tfoor y exact  srci  m peecuiifriecateinont 

ek 
4fP % )4, 

QUALITY BUILT COILS FOR RADIO, FM, 

TV AND GOVERNMENT APPLICATIONS 

Uniform high quality, fast delivery and low cost have made 
Fugle-Miller coils the choice of many leading manufac-
turers in the radio and electronics industry. All types are 
supplied including Universal, Bank Wound, Universal 

Progressive and solenoid coils. JAN specifications are our 
specialty. Call, wire or write today for prompt quotations. 

ADDRESS INQUIRIES TO DEPARTMENT P-12 

FUGLE- MILLER 
LABORATORIES 
MAIN STREET, METUCHEN, NE W JERSEY 

Telephone: Metuchen 6-2245 

(Continued Irons page 78,4) 

CEDAR RA PIDS 

Conference on Communications; September 
19-20, 1952. 

CHICAGO 

'Your Institute. a Million Dollar Business," by 
Dr. D. B. Sinclair, General Radio Company and 
President of IRE; September 26, 1952. 

CLEVELAND 

'This I Saw.' by R. M. Pierce, WDOK; Sep-
tember 25, 1952. 

CoLumaus 

'Junction Transistor Physics.' by Dr. James 
Ebers, Bell Telephone Laboratories; October 15, 
1952. 

DAYTON 

'Recent Development on Television Camera 
Design,' by N. M. Marshall, and E. J. Manzo. Gen-

eral Precision Laboratory; October 9, 1952. 

DENVER 

'Electronics in Strain Analysis,' by James Car-
son. Hathaway Instrument Company; October 17, 
1952. 

DES MOI NES-AMES 

'Spectrum Analyzene and Their Uses, • by Bruce 
Wholes,, Hewlett-Packard; October 7, 1952. 

EL PASO 

Two Technical Films and Social Meeting; Sep-
tember 26, 1952. 

EMPORIUM 

'Manufacture and Application of Carbon and 
Graphite.' by M. S. May, Speer Carbon Company; 
September 23. 1952. 

'Television and the Bell System," by R. G. 
Fithian, Bell Telephone Company of Pennsylvania; 
October 14. 1952. 

FORT W AYNE 

'Engineers. Inventions, Employers.' by A. W., 
Graf. Patent Lawyer; October 2, 1952. 

HAMILTON 

'Electronic Applications in Mining Opera-
tions," by R. L. Adams, McPhar Engineering; Sep-
tember 29. 1952. 

HA WA II 

Short talks by: G. Reber. G. Stagner of RCA. 
E. Sawyer of CAA, J. Erdman of IBM. Capt. Col-
mar. USCG. and L. H. Gilbert of State Department; 
July 9. 1952. 

'Magnetic Recorders. Their Design and Opera-
tional Considerations," by Danny Dashiell, Pearl 
Harbor Naval Shipyard; August 13. 1952. 

'Design Conside'Pation.s and Performance of 
High Fidelity Amplifiers,' by F. McIntosh. Frank 
McIntosh Company, and Description of 1952 West-
ern Electronic Show and Convention at Long Beach, 
California, by E. A. Piety; September 10. 1952. 

INVOICERN 

'Applications of Analogue Computer Tech-
niques to Loud Speaker Design.' by B. N. Locanthi. 
Jim Lansing Sound, Inc.; September 18. 1952. 

'Measurement of Wow and Flutter in Mag-
netic Tape Recording.' by John Mullin, Crosby 
Enterprises; October 13. 1952. 

KANSAS City 
'Servomechanisms as Applied to Analog Com-

puters," by Dr. A. C. Hall, Bendix Aviation Corpo-
ration; October 14, 1952. 

Ly me Roc K 

'Electronic Generation of Musical Tones.' by 
J. F. Jordan. Baldwin Piano Company; September 
24, 1952. 

80A 
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Engineered today for your needs tomorrow! 

Mycalex 410 
Transistor Socket 
enlarged to 
show detail 

V 

11( PRECISION-MOLDED MYCALEX 410 
TRANSISTOR SOCKETS 

— now in the pilot production stage 
— engineered in advance of actual need 

In keeping with the MYCALEX policy 
of progressive design in advance of needs, 
these Transistor Sockets were engineered 
months ago and are now in small scale 
pilot production. They'll be available 
in quantity in advance of actual needs. 

U 
The ptoduction of htycalsts 
Transistor Sock•ts  is a real 
accomplishment of  precision 
rnoldinp in miniatur•. The 
holes for the leads ar• the 
treaties, •utsr mold•d. All 
tolerances ar• crirc••dingly 
close.  Mycolis,  production 
•ispino•ro am aloud of Mei, 
cithitsuriment  particularly 
because low•cost. moss pro-
duction t•chnigurts con be 
adhered to. 

The body is precision-molded of MYCALEX 
410, glass-bonded mica insulation for last-
ing dimensional stability, low dielectric 
loss, immunity to high temperature and 
humidity exposure combined with maxi-
mum mechanical strength. The loss factor 
is only 0.014 at 1 MC and dielectric 

strength is 400 volts/mil. 

Contacts can be supplied in brass or beryl-
lium copper. The sockets are readily solder-
able. The socket bodies will not warp or 
crack when subjected to high soldering 

temperature. They function in ambient 
temperatures up to 700 °F. 

Amisi nts. 

Mycalex Low-loss Tube Sockets and Multiple Headers 
A complete line of tube sockets including sub-minia-
ture types is available in Mycalex 410 and Mycalex 
410X glass-bonded mica insulation. Comparative in 
cost to ordinary phenolic sockets they are far 
superior in every respect. Dimensional accuracy is 
unexcelled. For complete information on standard 

SINCE 1919 

GeL 

and custom Tube Sockets or Multiple Headers, call, 
wire or write ... there is no obligation, of course. 

MYCALEX TUBE SOCKET CORPORATION 
Under Exclusive License of Mycalex Corporation of America 

30 ROCKEFELLER PLAZA, NE W YORK 20, N. Y. 

• M YCALEX CORPORATION OF AMERICA 
Owners of 'MYCALEX' Patents and  ,r10-Mork.. 

THE INSULATOR Executive Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20—Planti Genial Offices: CLIFTON, N. J. 
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MEASURING EQUIPMENT 
Complete Frequency Coverage -14k( to 1000 mc! 

14kc to 250kc 
Commercial Equivalent of 
AN URM-6. 
Very low frequencies. 

150kc to 25mc 
Commercial Equivalent of AN PRM-1. 
Self-contained batteries. A.C. supply 
optional. Includes standard broadcast 
band, radio range, WWV, and commu-
nications frequencies. 

'1114 I P P11 1 /111  
1r1 

f. 

• s • 

V itt  

15mc to 400mc 
Commercial Equivalent of 
TS-587 U. 
Frequency range includes 
FM and TV Bands. 

375mc to 1000mc 
Commercial Equivalent of 
AN URM-17. 
Frequency range includes 
Citizens Band and UHF 
color TV Band. 

These instruments comply with test equipment requirements 
of such radio interference specifications as MIL-I-6181, 
MIL-I-16910, PRO-MIL-STD-225, ASA C63.2, 16E4, AN-I-24a, 

AN-I-42, AN-I-27a, MIL-I-6722 and others. 

STODDART AIRCRAFT RADIO Co., Inc. 
6644-C Santa Monica Boulevard, Hollywood 38, California 

(Continued Iron; page 80.4) 

LONDON 

'The Production of Plastics for the Radio and 
Electronic Industry." by Paul Scott. Dow Chemical 
Company; September 27. 1952. 

Los ANGELES 

',Earthquakes.' by Dr. G. H. Briiioff, Facult y, 
California Institute of Technology, "Statistical Con-
cepts for Research, Development and Engineering 
Design," by Dr. E. P. Coleman, Hughes Aircraft 
Company and "How Not to be a Poor Technical 
Editor." by Dr. Duane Roller (Dinner Speaker); 
October 7. 1952. 

NEW Mexico 

"Dielectric Amplifiers," by E. G. Miller. Jr.. 
Sandia Corporation; August 21, 1952. 

"Electrographic Recording." by Dr. C. A. Hei-
land, Heiland-Denver; September 18. 1952. 

NEW YORK 

*The Collection of Information in Human Net-
works," by L. S. Christie. Massachusetts Institute 
of Technology; September 10, 1952. 

PHILADELPHIA 

"Electronic Computers." by Dr. Aiken. Har-
vard Computation Lab.; October 2. 1952. 

PITTSBURGH 

"Germanium Power Rectifiers." by Addison 
Slieckler. General Electric Company; October 13. 
1952. 

PRINCETON 

"Information Theory Applied to the Human 
Being," by Dr. J. C. R. Licklider, Massachusetts 
Institute of Technology; October 9, 1952. 

SACRAMENTO 

"The C-I Alarm and Control System for Use 
with Microwave Radio Relay." by H. M. Pruden 
and "Practical Applications of Information Theory 
to Transmission Problems." by W. R. Bennett, both 
f Bell Telephone Laboratories; September 5. 1952. 

SAN FRANCISCO 

"Microwave Radio Relay Alarm," by H. M. 
Pruden and "Information Theory." by W. R. Ben-
nett. both of Bell Telephone Laboratories; Septem-
ta,r 3. 1952. 

"Applications of Pulse Counting Techniques in 
Measurement and Control." by J. L. Con, Berkeley 
Scientific Company; October 8; 1952. 

TOLEDO 

'Television and Communications Microwave 
Relay Systems.' by W. H. Forster. Philco Corpora-
t ion; October 9. 1952. 

TORONTO 

'Television Synchronizing Circuit." by V. J. 
ityers. Ryerson Institute of Technology; September 
29, 1952. 

TULSA 

'Electronic Generation of Musical Tones." by 
J. F. Jordan. Baldwin Company; September 23. 
1952. 

"Permanent Magnet Materials and Their Ap-
plications," by C. A. Maynard. Indiana Steel Prod-
ucts Company; October IS, 1952. 

TWIN CITIES 

"The Emerging Science of Echography," by 
J. J. Wild. University of Minnesota; October 2. 
1952. 

VANCOUVER 

"Television and Television Relay." by Dr. 
M. E. Strieby. American Telephone and Telegraph 
Company; October 6. 1952. 

(Continued on page 864) 
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avOqStet 

ad-Vertises 

He seems to think you ought to like 

him for his shell, in spite of the fact 

that it looks no different from a million 

other oyster shells. If he's got a pearl inside 

why doesn't he say so. 

CAPACITORS LOOK PRETTY MUCH 

ALIKE FROM THE OUTSIDE, BUT 

EL- MENCO'S HAVE SOMETHING 

IN THEM a get we eada t 

etionid a &awe a 
Into every El-Menco Capacitor goes superb design, 

precise workmanship and the finest of materials. The 
finished unit is then factory-tested at double its work-
ing voltage to insure satisfactory performance on what-
ever job it is gi‘en. 
No wonder we are proud to put our name on these 

capacitors —no wonder they have won the highest 
praise for their absollite reliability. 

The range runs from the smallest (CM-15-2-525 m mf. 
cap.) to the largest (CM-35-3300-10000 m mf. cap.) 

Write on business 
letterhead for catalog 

an d samples.   

M OLDED MICA 

Jobbers and Distributors: For informa-
tion write to Arco Electronics, Inc., 103 
Lafayette St., New York, N. Y. —Sole 
Agent for Jobbers and Distributors in 
U.S. and Canada. 

011C0... 
CAPACITORS 

Radio and Television Manufacturers, Domestic and Foreign, Communicate Direct With Factory— 

TRI M MER 

THE ELECTRO MOTIVE MFG. CO., INC.  WILLIMANTIC, CONNECTICUT 
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(JAN-111-94, Type IIV2) 

14 watt, 1%." diameter var-
iable cempeelthen resistor. 
Also available with ether special military features 
covered by JAN-1144. /Mulched Switch can be suppli 

14 watt, 1W' diameter vont-
able aseepesItIon resister. 
Also  with other special military f 
covered  It-94. Attached Switch can 

TYPE 252 

variable wIrewound to. —  
sister. Also available with other spec  featume 
not covered by JAN-1-19. Attached Switc too  supplied. 

4 wart, 1174s" diameter  
variable wirewound re-
sistor. Also available with other special military 
net covered by JANI4-19.,  be sit 

- 

tc440.1ge WmA 
that 

-.12 P  THO  

,21:70: 0/A 

-121,? -/v2-0.- -2 THO  

.250 01A 

- Ars -.I 7,42 

250 DIA 
1 •01. 

-JIP - NC,"  7WO 

2.30' 01.4 
*sr, 

ii-

- —  " — 
For additional information on these 7 controls, write for Data Sheet No. 160 

EXCEPTI ONALLY GOOD DELIVERY CYCLE on military orders due to 
enormous mass production facilities . . . Immediate delivery from 
stock on more than 170 different types and resistance values . . . 

Please give complete details on your requirements when writing or 
phoning for further information. 

NEW COMPLETE CTS CATALOG. Write for your copy today. 

•uNivom Nwo wnia •ove , 



117-anialle eq?,61/10i4 
MEETS MILITARY SPECIFICATIONS 

—55 °C to -r 150°C. . complete aridity to saturation ... 

are the unprecedented temperature and humidity range of 

Types 65, 90 and 95. These controls are used in military 

equipment subjected to extreme temperature and humidity. 

TYPE 65 

1321? P2 7-140  

- 7/10  

2tg:  

1 well nrC. 11%4" diarneter variable corn 
Olen rinister. Attached Switch can be supplied. _ 

TYPE y 5 

-1,52P  -2 TH0  

2.50 0/A 
sea' 

ttimPtititi " t• -

aster Also •vailable wide ether special military 

Ileseswitto met covered by JAN-1.94. Attached 
Switch can be supplied. 

gisethitis4en Aeciaon 
'Kw Acelaction  Va/cial4 gle4e4loie4  (E 

FOUNDED 1896 

CHICAGO TELEPHONE SUPPLY 
r( j() ///  / 

REPRESENTATIVES 
Henry E. Sanders 
401 North Brood Street 
Philadelphia 8, Pennsylvania 
Phone: Walnut 2.5369 

W. S. Harmon Company 
1638 So. La Cienega Blvd. 
Los Angeles 35, California 
Phone • Bradshaw 2-3321 

IN CANADA 
C. C. Meredith & Co. 
Strertsville, Ontario 

SOUTH AMERICA 
Jose Luis Pontet 
Buenos Aires, Argentina 
Montevideo, Uruguay 
Rio de Janeiro, Brazil 

Sao Paulo, Brazil 

OTHER EXPORT 

Sylvan Ginsbury 
8 West 40th Street 
New York 18, N. Y. 

ELKHART • INDIANA 

a— 



Boost Your Quality Standards 

with DX flETINIC COMPONENTS 

SPECIAL 

ASSE MBLIES 

TOR OID COILS 

415 

DEFLECTI ON 

YOKES 

D X 

CRYSTALS  \ 16,' 
;it 

4406 

TOR OID FILTERS.  .1. F. TR A NSF OR MERS... R. F. COILS... DISCRI MI NAT ORS 

TRANSFOR MERS ....TV TUNERS... ION TRAPS ... SPEAKERS 

If you require exacting quality and dependable performance, let 

DX engineers figure with you on your next production run. Users 

of DX components enjoy exceptional freedom from field failures. 

This advantage can be yours at no extra cost. Write today. 

GENERAL OFFICES: 2 300 W. ARMITAGE AVE., CHICAGO 47, ILL. 

Try Remler for Service-Tested 
"Hard-to-Get" Components 

SILASTIC RUBBER SHOCK MOUNTS 
ce) Ideal for sub-panel mounting. Isolates tubes 
from shock and vibration. Mount retains com-
pliance from minus 70° to plus 480°F. Invaluable 
for military and airborne equipment. 

6 71 99 0-11 " M'f4 
Metal-plastic co mponents 

designed and manufactured 

to order. Write for quota-

tions specifying electrical 

and mechanical character-

istics. Describe application. 

No obligation. 

C57iitee / 9/ r P I ONEERS 

8f, 

COMPONENTS 

111112111 ftwa: 
MINIATURE TUBE CLAMP 
(2, Corrosion resistant. Holds miniatures in 
sockets under severe conditions of shock and 
vibration without restricting air circulation. 
Easy to insert and withdraw tubes. Three sizes. 

Remler Company Ltd. 

2101 Bryant St.  San Francisco 10, Calif. 

IN  ELECTRONICS AND  PLASTICS 

(Continued from page 82A) 

WASHINGTON. D. C. 

'Loudspeakers and Transmission of Sound," by 

F. H. McIntosh, McIntosh Engineering Labora-
tory, Inc.; October 13, 1952. 

WILLIAMSPORT 

'Distributed High Frequency Transformers. 
by H. G. Rudenberg, Transition Elvtronic Corpo-
ration; September 17. 1952. 

SUBSECTIONS 

LANCASTER 

"Applications of the Traveling Wave Principle 
to Microwave Electronics." by Dr. R. Kompfner. 

Bell Telephone Laboratories; October 8, 1952. 

LONG ISLAND 

"Theseus —a Maze Solving Machine. • by Dr. 
C. E. Shannon, Bell Telephone Laboratories; Sep-
tember 9, 1952. 

MID-HuridoN 

"The Low Frequency Oscillograph. Accessories 
and Application." by Robert Dolbear, Allen B. Du-
mont Labs.; September 23, 1952. 

NORTHERN NEW JERSEY 

"Micro-Strip Printed Circuits for the Kilornex-

acyele Range, • by Dr. Fred Assadourian. Federal 
Telecommunication Laboratories. Inc.; September 
17, 1952. 

ROME 
Some  Ancient  Propagation  Discoveries— 

(Their Lessons).• by Dr. E. H. Armstrong; October 
13. 1952. 

The following transfers and admissions 
were approved to be effective:as of Decem-
ber 1, 1952: 

Transfer to Senior Member 

Angelakos. D. J. 1320 LaLozna Ave.. Berkeley 8. 
Calif. 

Brainerd. H. B., 10 Upland Rd., Wellesley 81, Mass. 
Bremer. F. V., 1020 Broad St.. Newark 1, N J. 

Clark, T. C.. Jr., 5381 Village Green, Los Angeles 16. 
Calif. 

Cronin, W. M., 1403 Chadwick Dr.. Dayton 6. 

Ohio 

Downs. J. W.. 7 Redwood Path, Glen Cove. L. I., 
N.Y. 

Glaser, J. L.. 168 Park Ave.. Madison, N. J. 
Gokarn. G. D., "Red Lands.' 53 New Marine 

Lines. Fort Bombay. India 
Koppl. W. J.  31C Dunvale St., Towson 4. Md. 
Levy, M., 39 Henderson Ave., Ottawa, Ontario. 

Canada 

Nlarkell, J. H., 121 Raleigh St., S.F., Washington 
20, D. C. 

Martin, E. T., 108 gm Farm Rd.. N., New Hyde 
Park. L. I., N. Y. 

011endorff, F., P.O.B. 910. Hebrew Institute of 
Technology. Haifa, Israel 

Preston. G. W.. 1000 Pheasant La., Oreland. Pa. 
Rothammer, W. H., 1203 Salem Ave.. Dayton 6. 

Ohio 

Rothstein, M.. 71-59 -16.3 St., Flushing 65. L. 
N. Y. 

Shelley, E. F.. 120 Cabrinl Blvd.. New York 33. 
N. Y. 

(Continued on page 88A) 
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MARKI,S W UP Iff-9 

TV Tyner MIgnmwint 

OPHAR 

NEED INSTRUMENTS 
TO SOLVE 

ELECTRONIC 
PROBLEMS?... 

mEGA.PULSER 
Trons.eni Tester, 
V'eleo AmpliRerri 

00 
RADA-PIASER  CALIBRATED 
Rodor IF T oo...,,,  ME GA SWEEP 

Tedeng  WIde Pony. Se eed r, 
0,,Iloror 

S.egle Dal Tuned 

(  CONSULT  THIS  LATEST 

64-PA GE 

CATALOG 

reze _ 

-Te 
Write 

FREE .1 

KAY ELECTRIC CO. 
14 MAPLE AVE PINE BROOK, N. J.. 

Z---WAXES ---COMPOUNDS 
Zophar Waxes, resins and 

compounds to impregnate, 

dip, seal, embed, or pot elec-

tronic and electrical equip-

ment or components of all 

types; radio, television, etc. 

Cold flows from 100°F. to 

285°F. Special waxes non-

cracking at —76°F. Com-

pounds meeting Government 

specifications plain or fungus 

resistant. Let us help you with 

your engineering problems. 

ZOPH AR MILLS, INC. 
112-130  26th Str••t, 
Brooklyn 32, N. Y. 

is of vital interest 
to everyone who has a 

VIBRATION PROBLEM! 
Here is a fresh approach to vibration 
and shock control — an all-metal 
mount! Just look at the careful fab-
rication of the stainless steel wire 
cushioning. This is the heart of the 
new Robinson Met-L-Flex mount. . 
Shock and vibration are absorbed from 
every angle, thereby isolating and 
protecting the mounted equipment. 

Wide Range of Applications 

Robinson Met-L-Flex design control 
can be applied to the mountings for 
delicate precision equipment or heavy 

machinery. 
Far better vibration control has 

been sorely needed to keep pace with 
modern advances in the design and 
use of electronic and precision equip-
ment. Well, here it is! 

Great Cost Savings 

Where the new principle of all-metal 
vibration control is used with Robin-
son unit mounts or engineered mount-
ing systems it effects decided econ-
omy. It not only permits simplified 
design and construction of equip-
ment, but also contributes to far 

longer useful life. 

Outstanding Performance 

Robinson Met-L-Flex mounts were 
originally developed to meet unprece-
dented, severe conditions of modern 
high speed planes. 

From take-off to landing a plane's 
vital equipment is subject to the com-
bined violence of shock and vibration. 
Sure protection is needed. Met-L-Flex 
meets such challenges with flying 
colors, to the great relief of engineers. 
Moreover, unlike old-fashioned rubber 
mountings, Robinson Met-L-Flex 
mounts perform at peak efficiency 
under any atmospheric conditions. 
They are not daunted by oil, tempera-
ture extremes, or moisture — and the 
need for replacement due to fatigue 
is virtually nil. 

Proved and Accepted 

Robinson mounts have been tested 
and accepted by more than three hun-
dred electronics, aircraft and indus-
trial manufacturers. With such a 
background and record of perform-
ance, Robinson offers the advice and 
counsel of its engineers toward find-
ing the best and most economical 
answer for every problem of vibra-
tion and shock. 

JUST WRITE AND ASK US 

If you are an engineer, architect or 
manufacturer who would be interested 
in having more information as to how 
this new kind of engineered vibration 
control might help your special prob-
lem, we will be glad to hear from you. 
Drop us a line. 
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THE MODERN ELECTRONIC TECHNICIAN 

HAS A NEW VIEWPOINT! 
A changing attitude on the part of 

the radio and television service tech-
nician is the thing that is pulling the 
electronic service profession out of the 
doldrums. He is learning that he can-
not call himself a success, as an indi-
vidual, until he can look around and 
see other technicians who have assets 
he can admire or compare with his own. 
As long as there are too many in his pro-
fession operating without scruples, and 
trying to get along under a "hand to 
mouth" economic operation without 
adequate testing instruments and other 
technical aids, there is not much to 
measure one's success by. 
His interest and attendance at the 

local service association meeting shows 
that the modern Electronic Technician 
is beginning to look beyond the "tip of 
his soldering iron." Through these as-
sociations, he is rapidly gaining recog-
nition, not only in his own community, 
but also in the vast electronic industry, 
as being an essential link between the 
manufacturer and consumer. 
In addition to getting valuable tech-

nical "know-how" from noncommercial 
sponsored lectures and demonstrations, 
he is finding out how to make his busi-
ness bring a fair return on his rather 
large investment in training, experience, 
and testing instruments. He is also 

learning how to be fair to both his 
customers and himself by keeping his 
"know-how" and test equipment up-to-
date and not resorting .to price cutting 
for his service in diagnosing trouble. 
As technicians gain that feeling of 

mutual respect and esteem among them-
selves by regarding each other as busi-
ness associates instead of raw competi-
tion, their most valuable asset—techni-
cal "know-how"—will no longer be ob-
scured. The technician's interest in mat-
ters which affect his economic welfare 
will lead him and the entire service in-
dustry to greater economic stability. 
The time and money you devote to 

your service organization is not an ex-
pense—it is an investment in your fu-
ture that will be paid back many, many 
times. 

Our 25th Year 

Testing Instruments 
'SUPREME BY COMPARISON' 

TUBE TESTERS • SIGNAL GENERATORS 

PANEL METERS • MULTI-METERS 

OSCILLOSCOPES 

Supreme, Inc.  Greenwood 11, Mississippi 

(Cantinued tram page 86A) 

Watson, R. P., Pinewood Dr.. R.F.D. 6, Schenec-
tady. N. Y. 

Welch, H. W.. Jr., Engineering Research Institute, 
University of Michigan, Ann Arbor, Mich. 

Zelazo. N. K., Braddock Acres, Box 524A7, R.F.D. 
3, Alexandria. Va. 

Admission to Senior Member 

Booth, C. F., 8, Durham Rd.. North Harrow, 
Middx., England 

Buechner, R. H., 3538 Blodgett. Apt. I. Houston, 
Tex. 

Burke, A. L., Signal Division, Hq. SHAPE. APO 
55. c/o Postmaster. New York, N. V. 

DeVoll, R. L.. Main Blvd.. Timonium, Md. 
Fouse, G. T., 106 Lewiston Rd.. Dayton 9, Ohio 
Goldup, T. E., Century House. Shaftesbury Ave.. 

London W.C. 2. England 
Jarrette. V., 2335 S. Home Ave., Berwyn .50. III. 

Lynch, D. S.. 427 Woodbine Ave., Towson 4. Md. 
Mumford. A. H., 27 Grendon Gardens. WemblY 

Park, Middx., England 
Parker, W. H.. Jr.. 148121 Sylvan St.. Van Nuys, 

Calif. 
Parmet, B. S.. 2658 W. Altgeld St.. Chicago 47. III. 
Reiskind, H. I.. Engineering Section, Record De-

partment, RCA Victor Division,  501 
N. LaSalle St., Indianapolis I. Ind. 

Story. V. V.. 4 Woodford Rd., Rockville. Md. 
Stout. H. L., 4049 Pennsylvania. Kansas City 2. 

Mo. 
Young, V. J., Hazeltine Corp.. 58-25 Little Neck 

Pkwy.. Little Neck. L. I.. N. Y. 

Transfer to Member 
Bangs, P. C., 323 Walton Bldg.. Atlanta 3. Ga. 

Crane. R.. Sperry Gyroscope Co.. Mail Station L-
37. Great Neck, L. I.. N. Y. 

Daugherty. C. F.. WSB, Biltmore Hotel, Atlanta. 
Ga. 

Dominick, J. B.. do DC&E, Hq. ADC. Ent AFB. 
Colorado Springs. Colo. 

Erwood, R. G.. 5117 South Francis, Oklahoma 
City 9, Okla. 

Gourrich, G. E.. 12830 Parkyns St., Los Angeles 49, 
Calif. 

Haimowitz, B., 1726 N. Patton St.. Philadelphia 31. 
Pa. 

Holbrook. J. G., Box III, Hawthorne. Calif. 
Hunter, J. B.. 360 Laird Dr.. Toronto 17. Ont., 

Canada 

Jones. %V. C.. NAS Annex. Solomon,, Md. 
Kwast, V. B.. Weston Electrical Instrument Corn-

A.C. Development, Box 318. 617 Freling-
huysen Ave.. Newark 5. N. J. 

LaRose, A. P. 4915 N Damen Ave. Chicago 25. 
Ill 

Martin, R L., 1326 S'West St., Arlington. Tex 
Miller. %V. B., 1618 Rockwood St.. Los Angeles 26. 

Calif. 

Norkis. B. S., 3106 S. Llewellyn Ave., Dallas 8. Tex. 
Sher. N., 1215 Unruh Ave., Philadelphia 11, Pa. 
Southall. T. %V., Chief Division Engineer. American 

Forces Network APO 227 do Postmaster. 
New York. N. Y. 

Thompson, L. V., 3247 Winter Dr.. Oklahoma City 
12, Okla. 

Welliver. C. L., 15 S. Marengo Ave.. Alhambra. 
Calif. 

Wilson. T. A., Hughes Aircraft Co., Florence Ave. 
at Teale St., Culver City. Calif. 

Admission to Member 

Ayers, J. L., 9 Third Ave., Garston, Watford. 
Herts.. England 

Bacon, F. S.. Jr.. 16 Fullerbrook Rd., Wellesley. 
Mass. 

Brainin. S. M., 5862 Hardwick, Long Beach, Calif. 

Bund.a F. E., Apt. 3, 210 Devargas. El Paso, Tex. 
Buuck, W. P.. 77 Thorndike St., Arlington 74, Mass. 

(Continued on page 90A) 
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TUNG-SOL flashers 
new low-cost 
circuit control 
devices for 
electronic 
equipment 

"Flasher" is the automotive name for this lung-So! product. 
Actually, it is the most simplified, most reliable thermal-operated 

relay ever developed. 
If you own an automobile made since 1939 and it has directional 

signals, then you have already witnessed first-hand the virtually 
unfailing performance of the Tung-Sol Flasher. Tucked away under 
the instrument panel, this tube-size mechanism makes the turn signal 

lights blink on and off. 
After 13 years, the 13 million flashers in automotive use have 

demonstrated that this device usually outlasts the car it is on, and 
the average life of a car is 7 years! Tung-Sol Flashers not only are 
more reliable than conventional types of relays—they are more 

compact and they cost less. 
Now then, where can you use a "circuit breaker" or "fuse" or 

"relay" in your electronic equipment? 
As a circuit breaker? For this type of application, Tung-Sol 

Flashers are built with normally closed contacts. Under the effect 

SuPALr „  LOAD 
SUPPLY 

SHUNT PILOT 
LOAD 

SINGLE CtRCucr -  tsj[N  SINGLE CIRCUIT - SHUNT PILOT 

TYPICAL SINGLE CIRCUIT FLASHER DIAGRAMS 

-,. SUPPLY 
LOAD 

SINGLE CIACUiT -SHUNT ELEMENT 
SINGLE CIRCUIT 

UNG - SOL 
FLASHER 

P229D pAT. NO.1979349 
MADE I M U.S.A. 

TUNG-SOL 
RELAY 

of a short or overload, there is an almost instantaneous response 
and the contacts are opened. With equal rapidity the device cools 
and the contacts close. As long as the disturbance within the circuit 
exists the Flasher will continue automatically to sample the condition 
of the equipment, thus providing absolute safety against costly, 
damaging burn-out. 

As a voltage limiter? When an overload surge raises voltage 
to a damaging level, the Tung-Sol Flasher will throw in a protective 
resistance. When the voltage returns to normal, the resistance is 

shorted out. 
As a cycling control? Where it is desirable that equipment 

opei ate intermittently, the Flasher will cycle on and off at a pre-
determined rate. 
As a time delay relay? This type is non-operative until a given 

voltage or current is reached, when the Flasher will make contact 
and activate a switch. 
As a warning device? Tung-Sol Flashers provide for visual or 

audible warning, as well as mechanical protection through use of a 
pilot light, horn, or siren which may be installed on the equipment 

or at a remote point 
The circuit protection, freedom from service interruptions and 

lower maintenance which you could offer your customers by install-
ing Tung-Sol Flashers in the equipment you make, will certainly 
warrant your obtaining complete information. Our staff will be glad 
to work with your engineers. Write today. 

FLASHERS FOR APPLICATIONS WITH 

VOLTAGES BET WEEN 3 and 32 VOLTS AC or DC. 

LOAD  CARTRIDGE  PLASTIC CASE 
627 150 ma. 

175 ma.  0136 
175 ma. 
200 ma. 
220 mo. 
250 ma. 
300 ma. 
400 ma. 
GOO ma. 
.05 amp 110V (OW lamp)  GOO 
.2 amp 1101/ (2SW lamp  $07 

Switching noisy 

TUNG-SOL ELECTRIC INC., Newark 4, New Jersey 
Soles Offices: Atlanta • Chicago • Culver City • Dallas • Denver • Detroit • Newark • Philadelphia 
TUNG-SOL makes: All-Glass Sealed Beam Lamps, Miniature Lamps, Signal Flashers, Picture Tubes, Radio, 

TV and Special Purpose Electron Tubes. 
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625 
617 
614 
633 
623 
£11 
624 

600 

TUNG-SOL 
FL A S H E R S 
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antenna research, 
development 

facilities 

t A, 

C O R P O R A TI O N 

The 420-acre ANDRE W Research 
Center, including a mile-long 
testing range, is devoted 

entirely to antenna research and 
development. In addition to the 
many Andrew standard models 

which have been developed 
here, several research and 
design problems have been 
undertaken on both prime and 
sub-contracts. The use of these 
facilities can be of material 
assistance in the design and 
manufacture of systems, 
associated equipment or in the 
development of custom 
antenna equipment. 

4 III. I, sting range mill _es this 
platform and lariat,s ton cis  

It HMI field testing. Ii', (11111.  el 

.1.1111-At'elle • madel at the halpile 
eel upper se, Nan 

built on the 1,1,01,,rni ha testing 
tele, ision ttansimaing antentias. The 
.T1111(1:11 • 14 . antenna (h•I eloped 
from the tests is mai in as, 0ii the 
Empire State Building. 

4 Mi. large. well 
Equippe,I Center. a bride 

01 equipment and 
Aet•ups til e el I 1111111ile, hell h 

A nten n a 

pleolele111.% are Mill rel 

U!i lv',i,, a Speei,111 ,1, 

C(11, 4 41114111 e mel e• v4 ,11.111 0' 

flit el :411 A ( 1 14 2( 01 0 0 

111(...'; 

/)/?h II lv, II(  ept a nide 
range 01 antenna dei clap-
meta and 'ill:flue, g 

si/'lil/Ies. 

4 The large indoor lahoratary has 
p lat handling large equipment 
and is equipped nit!, v vOl/fleb' Madline 
Ahop and Metal II ea'Aili.e.! 1‘1, 

Testing is done in the upper partion of the 
building u here the all-timid construction 
and elimination of metallic surfaces 
permit undistorted apcmtion of the 
lest set-up. 

A NTE N N A  SPE CI ALIST S 

• 363 EAST 75TH STREET, CHICAGO 19 

TRAN;; MISS ,D'I Ll'4ES FCR  E • ‘, .• ,•...AS 

ANTENNA EQUIPMENT • ANTENNA TUNING UNITS • T LIGHTI NG EQUIP ME NT 

(Continued Irani page 88/1) 

Cancellarl, N. J.. 411 St. George St., Biloxi. Miss 

Coker. V. A., AA & GM Branch, TAS, Box No. 72, 
Fort Bliss, Tex. 

Collins. Z. L.. 403 S. Hammonds Ferry Rd.. Lintlii-
cum Heights. Md 

Conesa, R.. St. Xavier's College Technical Institute, 

Cruickshank Rd., Bombay II, India 
Crowley. K. I., Henry L. Crowley & Co., Inc., One 

Central Ave., West Orange, N. J. 

Daniels. C. L., 1614 Reding. Oklahoma City. Okla 
Delude, T., 531 Turin St . Rome. N. Y. 

Fisher, C. D., 232A Princeton Rd.. Haddondfield. 
N. J. 

Goode. R. M., R.F.D. 2, New Carlisle, Ohio 
Glover, Bo. kW.: 1623 Johnston Dr., Oklahoma Cit y, 

ia   

Gracie, J. A.. I.F.R.B.. International Telecom-

munications Union. Palain- Wilson. 
neva. Switzerland 

Guerrero. E. S.. 115 Witmer St.. Los Angeles 26, 
Calif. 

Hall, G. L., 557 Passaic Ave.. Clifton. N. J. 
Krislinamurti. T.. Professor of Physics. Presidency 

College, Madras, India 
Landsberg, S. S., 51 Bar-Giora St., Haifa, Israel 

Larson. R. G., Westinghouse Manufacturing Co., 
Bloomfield, N. J. 

Little, C. W., Jr., Allis Chalmers Manufarturing 

Co.. Research Division. Box 512. Mil-
waukee I. Wis. 

Little, F. A., 3905 E. Anderson Ave.. Albuquerque. 
N. Mex. 

Lagren. L. E., Forsvarets Forskningsanstalt. Avd. 
3, Stockholm 61, Sweden 

Merritt, H. J.  Canadian Westinghouse Co., 239 

Argyle Ave., Ottawa. Ont.. Canada 
Moore. E. B., 33 Mawal Dr.. Cedar Grove, N. J. 

Pritchard, D. H., R.F.D. 3, Varsity Ave., Prince-
ton. N. J. 

RReoehdre. rR. .G D).  W. 624 Fourth St.. N W.. Canton 3. (h ..Ohio 30 Curve. Waltham 54, Mass.  

Rota. L.. Apartado 414. Quito, Ecuador 
Rowley. R. A., 22 Edgecomb Rd.. Binghamton, 

N. Y. 

Royko, W., 92A Nairn Rd.. Transcona. Man.. 
Canada 

Russell. G. A., 920 S. Longbeach Ave., Freeport, 
L. I., N. Y. 

Saling. 13. M.. 2 Baker St., Poughkeepsie. N. V. 

Seelig. G.. 2154 -45 St.. Astoria. L. I.. N. Y. 
Tlapa. J. A.. 1919 Wabansia Ave.. Chicago 21. Ill. 
van Marie. J. C., 159 Stinion St.. Hamilton, Out., 

Canada 

Wallach. C.. 312 Arnord Dr.. Midwest City. Okla. 
White, D. R. J., Code 3496 D W, RFR. Naval Re-

search Laboratory. Washington. D. C. 
%Vishnefsky, W., 40NHoliday St., Dorchester 22. 

Mass. 

The following elections to the Associate 
grade were approved to be effective as of 
November 1, 1952: 

Acosta. A. T., 4523 N Huntington Dr. Los 
Angeles, Calif. 

Aleicanoff, E., 4236 N. Troy St.. Chicago IS. Ill. 

Arsenault. W. R.. 708 Pine St.. Apt C. Santa 
Monica. Calif. 

Asen, R.. 166 W. 58 St.. New York. N. Y. 
Baldauf. 13. R., 423 E. Main St., Endicott. N. V. 
Balfour. L. S., 600 W 111 St., New York, N. Y. 
Ball, L. G.. 1808 Elm Ave.. Manhattan Beach. 

Calif. 
Bailin, H. M.. 113 Moore St., New Hyde Park. L. 

N. Y. 

Bennett, A. 0.. Box 598. Corbin, Ky. 

Bereman, E. W.. 1837 S. Estelle. Wichita 16. Kan. 
Berg, C. H„ 424 Sylvan Ave., San Mateo. Calif. 
Birch, R. S.. 1312 W. Orange Grove Ave.. Pomona. 

Calif. 

(Continued on page 924) 
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HOW MANY d i- -\_ AT 5,000 
\  MEGACYCLES? 

AT 25,000 

MEGACYCLES? 

precision 
variable attenuators 

• METALLIZED 
GLASS ATTENUATING 

ELEMENTS 

• PRECISE, PERMANENT 
CALIBRATION 

• BROADBAND 
CHARACTERISTICS 

• NEGLIGIBLE 
INSERTION LOSS 

• BACKLASH-FREE 

• LOW REFLECTION 

• WELL SHIELDED CASING 

The use of metallic-fihn•on•glass techniques to provide 

attenuation at microwave frequencies is no longer new. 
This type of PRD attenuator is now well recognized 
for its constancy of attenuation with time as well as for its 
insensitivity to variations of humidity and temperature. 

PRD has now augmented this line of attenuators with 
units employing metallized mica elements to provide 
broader-band characteristics for the millimeter region of 

the microwave spectrum. As a consequence, it is now 
possible to offer complete coverage of the range 
from 2,600 to 40.000 megacycles per second in designs 

varying from a simple level set attenuator to a 
precisely calibrated secondary standard. Write today for 
our complete new catalog of microwave test 

equipment —address Dept. R-12. Are you on 

our list to regularly receive "PRD Reports"? 

RESEARCH 
a DEVELOPMENT 
COMPANY, Inc. 

55 JOHNSON STREET, BROOKLYN 1, NE W YORK 

 WESTEP N  SALES  OFFICE   

741  NO. SE WARD STREET, HOLLYWOOD 38, CALIF. 
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Measure PHASE Difference 
Directly 0°-360° 

Type 320AB PHASEMETER 
• .  In 4 full scale ranges, 00-36°, 0°-90°, 0°-180°, 00-360, 
without ambiguity 

• ... Independent of voltage amplitude from 1 to 170 volts peak 
• . Independent of voltage wave form 
• ... Independent of frequency from 2cps. to 100kc. (accuracy: 20cps-

20kc, 1% of full scale +30; error increases slightly above 20kc.) 
• Large, easily read, mirrored scale panel meter 
• Ease of operation — ideal for production testing or laboratory use 
• Eliminates tedious and inaccurate oscilloscope techniques 
• Terminals for recorder . . . instantaneous response of output voltage 
to phase changes 

• Incremental accuracy better than 1% of full scale 
• Proven performance and quality workmanship 

In audio facilities, ultrasonics, servomechanisms, geophysics, vibration, 
acoustics, aerial navigation, electric power transformation or signalling, 
. . . in mechanical applications such as printing register, torque measure-
ment, dynamic balancing, textile and packaging machinery and other uses 
where an accurate measure of the relative position of moving parts is 
required . . . the type 320AB Phase Meter has achieved widespread 
approval as a unique and versatile measuring instrument. 

For further information on measuring phase, send for 
specification bulletin and TIC Laboratory Reports 

Engineering 
Chicago, Ill. — UPtown 8-1141 
Cleveland. Ohio — PRospect 1-6171 
Waltham, Mass. — WAltham 5-6900 
Boonton, N. J. — Boonton 8-3097 

Dayton, Ohio 

Representatives 
Arnprior, Ont., Can. — Arnprior 400 
New York, N. Y. — Murray Hill 8-5858 
Hollywood, Cal. — H011ywood 9-6305 
Dallas, Texas — Dixon 9918 

— Michigan 8721 

TECHNOLOGY'r ENT CORP. 
533 Main Street, Acton, Massachusetts, Telephone: Acton 3-7711 

((,,n/inner, from pope 904) 

Blair. L. R., 108 Chestnut St.. Wadsworth, Ohio 
Blancher, D. W.. 6208 Gentry Ave., North Holly-

wood. Calif. 
Bolstridge, L. J., 6920 Security Groupe, APO 994, 

c/o Postmaster, San Francisco. Calif. 
Bower, H. W., 218 S. Front St.. Sunbury, Pa. 
Boyce. %V. E. L., 1824 -17 St.. Cuyahoga Falls, Ohio 
Bradley, L. W., c/o International Business Ma-

chines Corp.. 590 Madison Ave., New 
York 22, N. V. 

Brady, D. J., Box 463, Arnold, Md. 
Broach, H. T., 9575 Stoepel. Detroit. Mich. 
Carlson, G. R., 967 Vernon Ave., Glencoe. III. 
Carttar. G. 1.., 853 N. Lorraine, Wichita 6, Kan 
Cassedy, E. S., Jr., 8702 Barron St., Takoma Park. 

Md. 
Cherry. M. V.. c/o W.L.Y.C.. 331 Pine St., Wil-

liamsport. Pa. 
Clifton, J. L.. Box 138. R.F.D. 4. Oklahoma City, 

Okla. 
Conroy. R. J., 505 E. Garden St., Rome. N. V. 
Cook, J. G.. Colonial Terrace. 1413 Montana St.. 

El Paso, Tex. 
Corns, R. B.. 517 Cole St.. Raleigh, N. C. 
Coulombe, J. N., 124 Emery St.. Berlin, N. H. 
Courtney. I. E., 1951 N. Hydraulic, Wichita. Kan. 
Cox, S. M., Box 7164. Wright-Patterson Air Force 

Base. Dayton. Ohio 
Crystal, D. G., 11330 Weddington St.. North 

Hollywood. Calif. 
Culbertson, J. T., Math Division, Rand Corp.. 

Santa Monica, Calif. 
Dayton, W. P., 4406 Classen Blvd., Oklahoma 

City, Okla. 
Dobkowski, J. T., 5117 Walker Way, El Paso. Tex. 
Duncan. D. B., Ill Encanto Dr.. Arcadia. Calif. 
Edwards. R. L., 110 Fairway Dr.. Huntsville, Ala. 
Evans, J. T.. Jr.. 2024 Morrow Ave.. Schenectady, 

N. Y. 
Fayman, D. L., 5845 Elmonte Dr., Mission. Kan. 
Feigus. J. 1., 775 Aircraft Control and Warning SQ.. 

Cambria, Calif. 
Finneran, W. J., Somerset Hotel, 5009 N. Sheridan 

Rd., Chicago 40. III. 
Fischer. J. J., 602 N. Magnolia, Whittier. Calif. 
Fisher. E. J.. 3824 Terrace St.. Philadelphia. Pa. 
Flowers, C. R.. 561 Schiller Ave.. Akron 10. Ohio 
Freedman. L. M., 2064 Ocean Pkwy.. Brooklyn, 

N. Y. 
Fullen, R. E., 2001 Carroll Dr.. Raleigh, N. C. 
Gallwey, K. L.. 12139 Highvrater Rd.. Granada 

Hills. Calif. 
Garman, D. F., Box 233, Enon, Ohio 
George. P. H.. 2446 Pensacola Ave., Chicago IS. 

Gerdes, J. W., 131 S. Main St., Natick. Mass. 
Goetze. A. J., 100 Irvington St., S.W.. Apt. I-A. 

%Vashington 20': D. C. 
Gold. A. It, 8203 Blackburn Ave., Los Angeles. 

Calif. 

Gosley, A. W.. 605-A Anacapa Dr.. Oxnard. Calif. 
Gracey. T. G., 275 Arlington Ave.. Toronto. Ont.. 

Canada 
Grosse, R. H., 5434 Hillside Ave., Cincinnati 38, 

Ohio 
Guthrie, D., 1115 W. Berry St.. Fort Wayne. Ind. 
Haerer. %V. A., 117 Second St.. Apt. F-1. Garden 

City, L. I., N. Y. 
Hagelgans, E.. Jr., 1620 Roundhill Rd. Baltimore 

IS. Md. 
Healer, R. E., Burroughs Rd.. North Reading 

Mass. 

Henry, J. R., 2133-19 St., Cuyahoga Falls, Ohio 
Herbert, H. W.. Box 11, Rixford. Pa. 
Hertz, M.. 2003 August Dr.. Silver Spring. Md. 
Hirsch, A., 2961 W. 97 St.. Evergreen Park 42. III. 
Hirshfield. J. L., 18211 Catalpa Dr.. Dayton 6, Ohio 
Hodge. M. H.. Jr., 503 Valley Ave.. Washington. 

D. C. 
Horner, G. F.. 1125 -59 St., S., St. Petersburg. Fla. 

(Continued on pope 944) 
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keeping communications ON THE BEAM 

PRODUCTS 

1p  ore 

is Ship Shape 
Her decks may be awash but there's fait 

weather in the radio shack Despite wind and - 

waves the Captain's message will reach the 

home port. In fair weather or foul, you'll find 

11( Crystals rata a Navy "E" for their part in 

keeping marine communications "ship shape." 

JK STABILIZED 

H-4 CRYSTAL 

CRYSTALS FOR THE CRITICAL 
A versatile crystal the JK 11-4 is widely used 
as a replacement crystal in marine and other 
communications systems. Pressure mounted, 
dust and water proof, stainless steel electrodes. 
Frequency range 1800 kc to 15 mc. Military 
type holder. An her of the many JK Crysulls 
avaikble to ser  every need. 

uencies anywhere ile-
mc, checking both ho-

d amount of modulation. 
Immo the "beam" on allocation; guarantees 
lad coverage, tool 

—911111111111111 ,r- -
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POWER 
Min 

n a ,"re 
ture Pa age 

DAM 
Miniature Power Resistors 
WIRE WOUND-SILICONE 
COATED RESISTORS 

Co mplete welded construction from ter-
minal to terminal. Temperature coeffi-
cient 0.00002/deg. C. Ranges from 0.1 
Oh m to 55,000 Oh ms, depending on Type. 
Tolerance 0.05%, 0.1 %, 0.25%, 0.5%, 1%, 
3%, 5%. 

A Val able in 25, 50 and 250 watt sizes. 
Silicone sealed in die-cast, black anodized 
radiator finned housing for maxi mum 
heat dissipation. 

Available in 2 watt, 5 watt. and 10 watt 
sizes. Silicone sealed offering maxi mu m 
resistance to abrasion, high thermal con-
ductivity and high di-electric st rengt-h. 

RS TYPE 

DEPOSITED CARBON RESISTORS 

Daloh m precision deposited carbon re-
sistors offer the best in accuracy, stabil-
ity, dependable performance and econ-
omy. Available in 1'2 watt, 1 watt and 2 
watt sizes. 

Carefully crafted in every respect. Dal-
oh m resistors are true power in miniature 
—provide t he answer It I ho... soave prob-
lems. 

Writs, wins or phone d r 

Risk, 1302 28th AV.., 

(Cantinued from page 924) 

Howe, E.. R., Jr., Hqs. Sq. 1804 AAC'S Group. APO 
942. c/o Postmaster, Seattle, Wash. 

Hulett, H. R., Detroit Lubricator, 806 Chestnut 

St., Redwood City, Calif. 
Intrator. A. M., 575 E. Kamala St., Oxnard, Calif. 
Johnson, R. F., 4815 N.E. Campaign St., Portland 

13, Ore. 
Jones, D., 2522 Ray d Ave.. Lom Angeles, Calif. 
Kelner, R. C., 32 Heath Bridhe Rd., Concord. Mass. 
King, J. D., 303 IA•C Ave., RI". D. 2. Johnson City. 

N. Y. 

Kono, T., 511 lzumi-Clio, Suginami-Ku, Tokyo, 
Japan 

Korman, M. M., 612 -31 Ave. San Mateo, Calif. 
Krill, C. K., Librascope, Inc.. 1607 Flower St., 

Glendale, Calif. 
Krumhardt, C., 7447 N. Olcott Ave.. Chicago 31, 

Lancaster, A. W., 117 Georgetown Rd.. Raleigh, 
N. C 

Lanzinger, D. J., 1642 N. 28 St., Phoenix, Ariz, 
Lehtone, L. L., 1615 West 38 Pl.. Los Angeles, Calif. 
Leitner, R. T., Box 667, Sherburne, N. V. 
Liam K. T., 6 Surrey La., Great Neck, L. I., N. V. 

Liekens, A. F.. 19 Beerselhock. Putte. Mechelen. 
Belgium 

Lindeman, R. J., 61-33 -171 St., Flushing. L. I., 
N. Y. 

Loizzo, V. J., 2735 N. Ashland Ave.. Chicago, Ill. 

Magers, T. M., 1706 E. 22 St., AnclerFon. Ind. 
Margol, L., 1625 S. LaBrea St.. Los Angeles 19, 

Calif. 

Margulies, I., 5800 N. Fares Ave. Evansville. Ind. 
McClure, R. F.., Sperry Gyroscope Co.. Mail Sta-

tion C-39, Great Neck. L. I., N. V. 

McGhee. G. L., 1013 Lodge Ave.. Evansville. Ind. 
McIlroy, C. R., 181 Jackson St., W., Hamilton 

Ont Canada 

McSweeney. C., M., Civil Aviation Dept., Talkatora 
Rd.. New Delhi I, India 

Meyers, M. L., 125 W. 16 St.. New York 11, N. V. 

Miglicco, P. S., 878 Storer Ave.. Akron. Ohio 
Nag, D. S., Mundtsvej 10-A. Copenhagen, LvngbY. 

Denmark 

Nelson, G. A.. 2552 Napier St.. Vancouver. B. C. 
Canada 

Nevin, M. E.. 638 -16 St.. North Chicago, Ill. 
Noorland, M.. 1261 N. Flores St.. Los Angeles. 

Calif. 

Orr, L. W., 605 Argo Dr., Ann Arbor. Mich.  • 
Parker. B. G., 2208 Dunham. Toledo 9, Ohio 
Perrin, B. J.. 26 N. Bates, Apt. 8 Akron 3. Ohio 
Phares, D. P., 169 Marvin Ave., Akron 2. Ohio 

Pooms, A. L.. 2614 Grand Ave.. Waukegan. Ill. 
Powell, J. M., 6040 Ingleside Ave.. Chicago. 111. 
flask. 0. N., 2904 Guilford Ave.. Baltimore 18. Md. 

Rector, J. D.. 1297 -30 St.. N.E., Cedar Rapids, 
Iowa 

Robinson. B. H., Jr., 5900 Northwest Highway, 
Chicago. Ill. 

Robinson, M., 45 Elm St Staten Island 10. N. Y. 
Romano, V.. 685--18 St.. Brooklyn IS, N. V. 
Rowley, B. G. H.. 23 Beaver St., New York, N. V. 

Ruthenberg. W. G., 34 Flagship Rd., Baltimore 22, 
Md. 

Schneider, R. F., 2979 E. 65 St., Cleveland. Ohio 

Schwartz, J. H.. 71 Wilbury Pl., Buffalo. N. Y. 
Scott, D. W.. Box 155. Oak Ridge. Tenn. 

Sebald, L. E., 334 Oakview Dr.. San Carlos, Calif. 
Sharf, W. A., 2 Rosemount Ave.. Toronto, Ont.. 

Canada 
Sharpe. L. E.. 8531 Clifton Way. Beverly Hills. 

Calif. 
Shaw, H. F.. 2125 S. Columbus St.. Arlington 6, Va. 

Shepherd. H. F., Jr., 127 S. Citrus Ave.. Los 
Angeles, Calif. 

Simmons, D. J., 4305 Fairfax. Fort Worth, Tex 

Sloop, W. B.. 704 Grove St.. Raleigh, N. C. 
Smith, B. M., 713 Montauk Ave.. New London, 

Conn. 

(Continued on page 964) 
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Ow KAHLE 
broke a 
bottleneck 

A manufacturer of sub-minia-
ture tubes used in guided 
missies and proximity  fuses 
came to Kahle recently with 
this problem: by using hand 
and semi-automatic methods 
to produce his bulbs, the re-
ject rate ran very high. This 
caused a bottleneck, since pro-
duction of the tube's internal 
elements was always far ahead 
of the bulb supply. Kahle's 
solution was to design and 
build the fully automatic bulb 
making machine, Model 1991, 
shown here. This machine — 
capable of making flat, oval. 
oblong, square and round bulbs 
— offered the perfect combina-
tion of production and pre-
cision by producing tubulated 
bulbs with precise internal di-
mensions at a rate of 1300 
units per hour. 

This is but one of hundreds of 
problem-3 solved by Kahle. In 
every case, Kahle's experience 
and ability have resulted in 
the design, development and 
production of a machine en-
gineered to produce results as 
specified. Working closely with 
your organization, Kahle's ex-
perienced staff of electronic 
and equipment engineers will, 
at your request, recommend a 
solution to your own special-
ized production problems. 
Learn how KaMes more than 
40 years of practical experi-
ence can benefit you . .. write 
Kahle now. 

Nahle EN GI NEERI N G 

C O M P A N Y 

1312  SEVE NTH STREET 

N ORTH BER GE N  N. .I. 
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Exceptional 
Temperature 
RANGE 

200C 

HOOK-UP WIRE 
"Su rfl on" (Tetrafluoroethylene) 
hook-up wire is capable of 
operation from +200°C to 
—90°C, with no appreciable 
decomposition. This wide range 
of efficiency continually opens 
new applications for "Surflon"— 
especially where constant sta-
bility under exceptional tem-
perature conditions is required 
for long periods. 

rithir-°" 
- - - is non -inflamable 
- is resistant to chemicals 
- - has no known solvent 

Because of low electrical losses, 
"Surflon" is adaptable for high 
frequency use. It has very high 
volume and surface resistivity. 
"Surflon" is available in hook-
up wire sizes, with shield or 

\ jacket and also as coaxial cable. 

MAKE  SURPRENANT YOUR 
HEADQUARTERS FOR ALL 
TECHNICAL HOOK-UP WIRE 

N. INFORMATION 

MANUFACTURING  COMPANY 
199 Washington St, Boston 8, Mass. 

Machine it or blank it . . . 

Make one part or millions . . . 

Insure closer tolerances . . . 

OLYPENCO 
NYLON and TEFLON 

rod, strip or tubing 

means economical design! 

• Now you can get the benefits of Nylon 

or Teflon and save the delay and cost 
of making molds as well. And by 
specifying Polypenco you can be sure 
of exceptionally good quality and 

uniformity because both of these modern 
materials are produced under rigid 
control-100% inspected and tested 
from start to finish What precision 

jobs have you got for.. . 

POLYPENCO Nylon 

. . the tough material that gives you a unique combination 
of abrasion resistance, impact strength and durability in use, 

Offers excellent machinability 

POLYPENCO Teflon' 

. . . the chemically inert material widely used for applications 
where resistance to heat, moisture, and chemicals is essential. 
Offers stable electrical properties over a wide frequency and 

temperature range. 

We'll supply Polypenco Nylon and Teflon 
from stock and show you how it is fabricated 
most economically ... or fabricate it for you. 

For further information write: 

OLYMER CORPORATION 

ROD 

STRIP 

TUBING 

of Pennsylvania 

Reading, Pa. 

'Trademark ol E. I. DuPont Corp. 
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'911011Mmo•--

BALLANTINE BATTERY OPERATED 
ELECTRONIC VOLTMETER 

ANNE\ 
THE MODEL 302B measures 100 microvolts to 

100 volts from 2 cycles up to 150 kc. 

• Input Impedance is 2 megohms shunted by 15 
mmfds on the 0.001 and the 0.01 ranges and 
by 8 mmfds on the other ranges. 

• Generous use of negative feedback provides 
customary Ballantine stability. 

• Accuracy: 3% from 5 cycles to 100 kc; 5% 
elsewhere. 

• Six decade range switch permits entire voltage 
range to be read on a single logarithmic volt-
age scale. Linear DB. Scale. 

• Can also be used as a flat pre-amplifier with a 
maximum gain of 60 DB. Because of the com-
plete absence of AC hum, the amplifier section 
is extremely useful for improving the sensi-
tivity of oscilloscopes. 

• Available multipliers increase the voltage range 
to 1,000 or 10,000 volts. 

• Available precision shunt resistors permit the 
measurement of AC currents as low as one-
tenth of a microampere. 

• Battery life over 100 hours. 

Forfurther information on this Voltmeter and 
other Ballantine Voltmeters and accessories, 

write for catalog. PRICE $225 

BALLINTINH,ABORATORIES, INC 
102 Fanny Road, Boonton, N.J. 

Shown: Model 250.C. Many lab-
oratories now install several com-
pact Brno Bridges for flexibility 
and utility. Write to factor/ for 
costs, details, and on analysis of 
your needs. No obligation. 

for 
measurement 

of 
RESISTANCE • CAPACITANCE 

INDUCTANCE 
• Compact -9 x 11" x 11  over-all 
Exceptionally accurate • Wide 
ranges • Convenient operation from 
battery, or AC power line acces-
sory amplifier • Features 
exclusive DEKADIAL for 
high  precision 
readings. 

E BL D.  P  TLA 

Membership 
(Continued from page 94A) 

Sprinz. E., Box 1327, Haselton Branch. Rome, N. V. 
Starr. 1. M., 2027 W. 73 St., Los Angeles 47. Calif. 
Sutton, A. T., 3913 Cross Creek Rd.. Nashville, 

Tenn. 
Swinney. R. W.. 1128 N. W. 28 St., Oklahoma City, 

Okla. 
Taschler, E. J., 505 E. Garden St., Rome. N. V. 
Terkanian, H., Johnson Court. R.F.D. 2, New 

London, Conn. 
Terleckyi, J.. 2210 W. Huron, Chicago 12. III. 
Tosspon. A. E., 7307 S. Atlantic, Bell, Calif. 
Toth. P. A., Electronic Research Laboratory, Box 1, 

Kiriat Motzkin, Israel 
Ullrich. D. P., 700 Washington Ave., Alton, 
Voltaggio, F., Jr., 4513 Eichelberger Ave.. Dayton 

6, Ohio 
Weiss, H., 595 Hafelerstr.. Nusebaumen 

Switzerland 
Weyrick, R. C., 2560 Ogden Ave.. Akron 12. Ohio 
Wilensky. E., 1002 Darlington Apts., Charleston. 

S. C. 
Zuranski. R. C.. 775 A.C.& W. Squadron. Cambria. 

Calif. 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

C‘misomed from page 124) 

Static Converter 
Mercury Electronic Co., Box 450, Red 

Bank, N. J., has designed a new static 
converter, Model E-1. 

The input is 110-120 volts, 380 to 
420 cps, single phase. The output is 300 
volts dc, adjustable over a range of ±5 
per cent. Output current is 0 to 400 ma 
dc. Regulation is within 0.3 per cent from 
no load to full load at 300 volts, and with-
in 0.3 per cent for live voltage variations 
from 105 to 125 volts. Ripple is less than 
80 my at any line voltage or load within 
ratings. This equipment is designed to 
operate at altitudes of up to 65,000 feet. 

Nuclear Catalog 
A new complete catalog of nuclear 

instruments, accessories and services can 
be secured by addressing inquiries on a 
business letterhead to Nucleonic Company 
of America, 497 Union St., Brooklyn 31, 
N. Y. The catalog includes the following 
instruments: basic radioactivity laboratory 
instrumentation--scalers and accessories; 
survey instruments and replacement parts; 
detectors, Geiger-Muller tubes and acces-
sories, lead shields, flow counters; sample 
handling equipment, safety equipment, 
special electronics devices; and miscel-
laneous products and services. 

(Continued on page 98A) 
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1' TUBE CLAMPS 
Hold Tubes in Sockets 
under all Vibration, 

Impact and 
Climatic 
Conditions 

11111m ill• 

You can't shake, pull or rotate a tube 
out of place when its secured by a 
Birtcher Tube Clamp. The tube is 
there to stay. Made of Stainless Steel, 
the Birtcher Tube Clamp is imper-
vious to wear and weather. 
BIRTCHER TUBE CLAMPS can 

be used in the most confined spaces 
of any compact electronic device. 
Added stray capacity is kept at a 
minimum. Weight of tube clamp is 
negligible. 
Millions of Birtcher Tube Clamps 

are in use in all parts of the world. 
They're recommended for all types 
of tubes: glass or metal—chassis or 
sub-chassis mounted. 

THERE'S A BIRTCHER TUBE CLAMP 
FOR EVERY STANDARD AND 

MINIATURE TUBE! 

Write for sample:, catalogue and price list:. 

THE BIRTCHER CORPORATION 
4371 Valley Blvd. 

Los Angeles 32, Calif. 

ILLUSTRATING 

ONE REASON W HY 

WHEN IT'S A 

SANBORN 
Recording System 

SANBORN records are inkless 

and permanent. They are produced by a heated stylus ribbon 

which melts the heat-responsive, plastic-

coated surface of the recording paper (Sanborn Permapaper). 

The result is a clear, sharp tracing 

showing fine details of the 

phenomena being recorded. 

This is just one of many 

SANBORN advantages. 

Learn MORE about 
SANBORN in a new, 
interesting, and pertly 

illustrated 16 page 
booklet, "7 Advantages 
of Sanborn Recorders 

for Industrial Users." 
Send for your 
copy today. 

Please send me a copy of 

"7 Advantages of Sanborn Recorders for Industrial Users." 

NA ME   

TITLE   

COMPANY   

ADDRESS   
IPI 

SANBORN CO INDUSTRIAL DIVISION ---' 
. CAMBRIDGE 39, MASS. 
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News—New Products TWIN Power Supply 

Electronically 

Regulated for 

Precise 

Measurements 

Two independent sources of 
continuously variable D.C. 
are combined in this one 
convenient unit. Its double 
utility makes it a most use-
ful instrument for laborutory and test station work. Three 
power ranges are instantly selected with a rotary switch: 

175-350 V. at 0-60 Ma., terminated and con-
trolled independently. may be used to sup-
ply 2 separate requirements. 

0-175-V. at 0-60 Ma. for single supply. 
175-350 V. 0-120 Ma. for single supply. 

In addition, a convenient 6.3 V.A.C. filament source is pro-
vided. The normally floating system is properly terminated for 
external grounding when desired. Adequately protected 
against overloads. 

TWIN POWER SUPPLY 
IHNIN6 III 

• Output voltage variation less 
than 1 'A with change from 
0 to full load. 

• Output voltage variation less 
than I V. with change from 
/05 to 125 A.C. Line Volt-
age. 

• Output ripple and noise less 
than .005 V. 

Twin Power Supply Model 210 
Complete $130.00 

Dimensions: 16" x 8" x 8"  Shipping Wt. 35 lbs. 
(Other types for your special requirements) 

F U RST  E LECT RO NICS 
3326 W. Lawrence Ave., Chicago 25, Illinois 

SQUARE WAVE 
GENERATOR -150A 

50iuTO 1 MC 
4..in outstanding low 
cost instrument for 
amplifier testing and 
checking. 

Low rise time 
.os microseconds (maximum) 
Five fixed frequencies 
50; 1,000; 10,000; 100,000 

1,000,000 cycles per second. 
Continous frequency 
easily available. 
Overshoot less than 2% 
Negligible tilt. 

New London Instrument 
NEW LONDON,(ONNECTICUT  • 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 964) 

Wide-Band Directional 
Couplers 

Widely applicable tools for measuring 
numerous parameters relating to transmis-
sion lines are available from Sierra Elec-
tronic Corp., 811 Brittain Ave., San Carlos, 
Calif. Sierra Wideband Directional Coup-
lers are available in three models, 137 
and 138 for the frequency range 30 to 
1500 mc and 139 for the frequency range 
10 kc to 1 mc. 

As the response curves show, the model 
137 operates over the entire frequency 
range from 30 to 1500 mc with a sensitivity 
rising from —70 to —35 db. The model 
138 covers the same frequency range, but 
has a sensitivity ranging from —55 to 
—20 db. Operating in a 5.5-ohm coaxial 
line, these couplers are usable from 0.1 
watts up. Reflection coefficient is indicated 
with an error no greater than 0.02, while 
directivity over the range is greater than 
46 db. Precision fabricated from solid 
dural blocks with coupling between prim-
ary and secondary lines accomplished 
through a small hole in the common wall of 
two precision lines, the models 137 and 
138 couplers are provided with standard 
,spaxial-line fittings. 
Frequency independent at a sensitivity 

of —50 db over the 30-kc to 1-mc range, 
the model 139 coupler-is applied to bal-
anced two-wire lines at power levels rang-
ing up to 15 kw. Directivity and sensitivity 
are constant from 10 kc to 1 mc. Based 
on a series element consisting of an ex-
tremely wide-band, ferrite-core toroidal 
current transformer and a specially com-
pensated capacitor shunt element, the 
entire coupler is cast in plastic with the 
primary line carried through the axis in 
the form of a -inch diameter conductor. 

Radioactive Light Source 
Tracerlab, Inc., 130 High St., Boston 

10, Mass., is using tritium, a product of 
the Oak Ridge atomic reactor, to snake a 
substantially constant light source. 
A quantity of radioactive tritium is in-

corporated into stilbene, a crystalline sub-
stance, and processed chemically to form 
a solid crystal. 
The tritium constantly gives off beta 

rays which cause the stilbene to fluoresce. 
(Continued on page 100.4) 
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WM ... with G-E 5-Star Tubes... 
DESIGN TRANSMITTERS TO HAVE 
MINIMUM OFF-THE-AIR TIME! 

Help your customers save thousands 

of dollars now being lost from 

downtime! Install G-E high-

reliability types that make your 

equipment far more dependable! 

STANDARD 
TYPES 

REPLACE WITH THESE 5-STAR TYPES 

2C51 

2D21 

5Y3-GT 

6AK5 

6AL5 

6AQ5 

6AS6 

6AU6 

6BA6 

6BE6 

6C4 

6SK7 

12AT7 

12AU7 

12AX7 

12AY7 

*GL-5670 —h-f medium-mu twin triode. 

GL-5727 —thyratron. 

GL-6087 —full-wave rectifier. 

GL-5654 —sharp-cutoff r-f pentode. 

GL-5726 —twin diode. 

GL-6005 —beam power amplifier. 

GL-5725 —dual-control sharp-cutoff r-f pentode. 

GL-6136 —sharp-cutoff pentode. 

GL-5749 —remote-cutoff r-f pentode. 

GL-5750 —pentagrid converter. 

*GL-6135 —medium-mu triode. 

GL-6137 —remote-cutoff r-f pentode. 

GL-6201 —high-Gm medium-mu twin triode. 

*GL-5814 medium mu twin triode. 

*GL•5751 —high-mu twin triode. 

*GL-6072 —low-noise medium-mu twin triode. 

GL-5686 —beam power amplifier. 
S̀hght electrIcol difference 

$200 A MINUTE THRO WN AWAY! Even a small radio. 
TV station may have to write off a sum that large, 
when transmission failure interrupts a commercial. 
Commonest cause of off-the-air incidents, is receiv-
ing-tube trouble in studio or transmitting equipment. 

HELP YOUR BROADCAST-TELECAST CUSTOMERS STAY 

ON THE AIR by installing 5-Star Tubes in equipment 
you build! Design . . . from the start . . . high reli-
ability into hundreds of sockets where, if a receiving 
type fails, the station may lose part of its program 
audience, and often important revenue as well. 

FIVE-STAR TUBES ARE UNIFORMLY OPERABLE when 
you install them in your transmitters! And because 

they are specially designed and built for reliabil-
ity, 5-Star Tubes will continue to serve your cus-
tomers by doing full rated jobs over a long period. 

MAINTENANCE NEEDS ARE LO WER with 5-Star Tubes. 
Here's another "plus" that reflects itself favorably in 
your customers' cost sheets! Less time is required to 
keep transmitting equipment operating—far fewer 
tube replacements are needed. 

CHECK THE 17 5-STAR TYPES ABOVE against your 
circuit needs! If you wish to explore your require-
ments further, a G-E tube engineer will be glad to 
call on you. Tube Department, General Electric Com-
pany, Schenectady 5, New York. 

.SUB-MINIATURE G-E 5-STAR TUBES, as well as regular 5-Star types, are 

listed in new Booklet ETD-548-A, which contains a cross-reference table 

of ratings and characteristics for application use. Wire or write for it! 

GENERAL 



News—New Products 

The No 71400 

Shield Can with 

Octal Plug-Base 

The versatile No. 74400 unit comprises an 

extruded  rectangular  aluminum  shield 

7/10," X 1 Ye" X 41/2"; a low loss brown 

phenolic octal plug base to fit, and a base 

shield to further extend the shielding. 

Designed for mounting filters, tuned circuits, 

relOys, IF transformers, audio components, 

complete midget amplifiers or other cir-
cuits, etc. 

JAMES MILLEN 
MFG. CO., INC 
M AIN OFFICE AND FACTOP 

MAIDEN 
MASSACHUSETTS 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your  affiliation. 

(Continued from page 1004) 

Transistor Sockets 
Mycalex Tube Socket Corp., GO Clifton 

Blvd., (lifton, N. J., has started pilot 
production on a line of transistor sockets. 
The body is precision-molded of Nlycalex 
410, a glass-bonded mica insulation for 
lasting dimensional stability, low dielec-
tric loss, immunity to high temperature 
and humidity exposure combined with 
maximum mechanical strength. 'I he loss 
factor is 0.014 at 1 inc and dielectric 
strength is 400 volts/mil. 

Contacts can be supplied in brass or 
beryllium copper. The sockets are readily 
solderable. The socket bodies will 1101 

warp or crack when subjected to high 
soldering temperatures. They function in 
ambient temperatures to 700°F. 

(Continued on page 1034) 

IT'S 
YOUR 
LOGICAL 
CHOICE 

Available  in  all  ranges 
3 1/j" and 4,1/1" rectungis• 
lar semi-Bush models 

Write Dept. 1-1 22 for complete details. 

ELECTRONICALLY REGULATED 

LABORATORY 
POWER SUPPLIES 

BENCH MODEL 50 
STABLE 

DEPENDABLE 
• 

MODERATELY 
PRICED 
• 

ALSO 

AVAILABLE 

STANDARD 

RACK 
MOUNTING 

M ODEL SO-R 
PANEL 517.1 
1 0  " s  19'• 
DEPTH 14'4" 

• INPUT: 105-125 VAC, 50-60c 

• OUTPUT #1: 0-500 VDC at 
500 ma regulated 

• OUTPUT #2: 0-50 VDC, 
0-200 VDC Bias Output. 

• OUTPUT #3: 6.3 VAC at 
5A unregulated 

• OUTPUT #4: 6.3 VAC at 
5A unregulated 

• RIPPLE OUTPUT: Less than 
8 millivolts rms 

For tompirte inlennolion we .ft foe 84114,— S.N 

LAMBDA ELECTRONICS 
C O R P O R  A  T  I O N 

CORONA  NE W YORK 

ILLUMINATED 
INSTRUMENTS 
EXCELLENT  LIGHT  DISTRIBUTION  affords 

EASE IN BEADING. GLARE REDUCE") to  a 

minimum by retaining COMPACT DESILN of 
(rows case estension. 

BEFLEI:CED LIGHT PRINCIPLE permits use 

of standard METAL DIALS eliminating tran•lu• 

rent materials that discolor with age and use. 

1111.11 REPLACEMENT FACILTIATED bt res 

naosal of single lanais assembly. 

Two 3.8 loll SI AN DAIL D 1111.1IS are used and 
connected in series. 

Cutaway views showing po-

sitions and connections of 

lamp assembly. 

BURLINGTON INSTRUMENT COMPANY 
BU RLI N GT O N,  IO W A 



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 102,4) 

New Plant 
Measurements Corporation, Boonton, 

N. J., manufacturers of precision elce-
tronic instruments, has announced the 
purchase of an additional plant. 

The newly acquired property is lo-
cated in Randolph Township, N. J., 12 
miles from their main location and consists 
of a modern building, with 15,000 square 
feet of manufacturing space. The Ran-
dolph plant is situated on a 72-acre tract, 
5 acres of which are in an industrial zone, 
providing for future expansion. 
Complete alterations are now under 

way, and it is expected that the new plant 
will soon be in operation. Approximately 
125 people will be employed in the manu-
facture of the company's well-known labo-
ratory standards. 

(Continued on page 104A) 

Make Miniature 
Transformers? 

Meter Movements? 
Relay Coils? 

— 

Above transformer is wound with 
23,000 ft. of our No. 50 wireweigh-
ing only .07 lbs. Have trouble get-
ting really fine wire? Write for 
price list of our full line highest 
quality fine enameled magnet and 
Litz wire. Immediate delivery all 
sizes-44 to 52 1.002" to .00011"). 

THE INSTRU MENT 
WIRE CO M PA NY 

152 Church Street • Guilford, Conn. 

Between input and output terminals of this 

Signal Corps test instrument, design engineers 

used 65 Lenkurt wedding-ring toroids to sim• 

ulate 15 miles of wire line. The unit brings 

field conditions into the laboratory for testing 

communications systems. Composed of 1, 2-, 

and 5-mile sections, the set offers a choice of 

line lengths and provides facilities by which 

either dry- or wet-weather conditions can be 

reproduced at the flip of a switch. 

TYPIFYING OUTSTANDING ADVANTAGES of Lenkurt 

precision-molded cores and precision-wound toroidal coils, this ap-

plication features compactness and light weight, ease of mounting 

and assembly. 

WHEN YOUR DESIGN problems call for maximum perform-

ance from filters, tuned circuits, and inductors, we invite you to draw 

upon Lenkurt's rich experience in obtaining the maximum perform-

ance from available materials. 

MODERN FACILITIES at Lenkurt, one of the largest installa-

tions of its kind in the world, offers a dependable source of supply— 

geared to your largest quantity needs and your most-exacting quality 

requirements. Ask for literature on these outstanding components; 

recommendations and quotations on your specific problems. 

LENKURT ELECTRIC 
SALES COMPANY 

it San Carlos 2  California 

IIE I.R.E. December, 1,, 103A 



DEVELOPMENT and PRODUCTION 

MET ALLURGISTS 

SEWN 

Fine wire and ribbon in base, rare, and 

precious metals, and alloys for 

ne w and highly engineered applications 

In small units and sizes, 

and to close tolerances. 

Jrther details on request 

SECON METALS CORPORATION 
228 East 45th Street, N. Y. 17, N. Y., MU 7-1594 

Sow you tan readily design your Electronic Equip ment 

for unitized P L U G-I N U NI T C O NS T R UC TI O N 
- - - - - - - - - — 

Nev. free Alden Handbook simplifies plug-in 
unit design. Presents complete line of basic 
components of tremendous flexibility for 

adapting your equipment to plug•in construc-
tion. 

1.  Init he your circuitry in co mpact re•tical 
planes suing 41411P111 Ter minal Card M ounting 
Syste m. 

/ 16 .4 75 7.93- 7 .) :$114 fit 

PRE.PUNOIED  JUMPER STJUP  YOUR 

MTG. CARL,  M atITNIARL 4  lo.th ::""'".  = as. CASNIPIMTIG.  CIRCUITS 
TERM 

You can use Alden Terminal Mounting Card with Alden Miniature Ter• 
nmnals. Jumper Strip sod Sockets staked to accommodate any circuitry — 
making complete units reads for housing Components snap tots unique 
Alden Terminal, are held read, for soldering 

2.  'lake your circuits neat 
units by m ounting in Alden "20" Package or 
Basic Chassis. 

ALDU.I 
50 

PACKAGE 

Alden components pron ide standard piing.° or slide-in housings — with 
spares posse Cl/CLIO become units replaceable in 30 second, 

ALDEN DAMS. 
CHASSIS 

ss ible plug-in 

3.  'Monitor your plug-in units with AIDE  SE‘S-
IN G ELE MES TS that spot trouble instantly. 

MINIATURE 
Mi%L51i P  11'  INDICATING - 
TINT JAGA  rl 51 HOLDER •, 

MINIATURE 
INDICATING 
LIGHT 

I. Get fool proof unit interconnections and acces-
sible check points with Aldea Unit Cable and 
Back Connectors. 

.  SAO( CONNECTORS • UNIT CABLE 
•  -:"" __  Alden Sea Cocieonon give *mamba color coded 
414 /11 ) 33. . '   (beck pain lor all imeouog aed awesome <beaus 
a . •  leads Can be boil. ,.,n Usa Cable.. that infer. 
0   comical beeorre (Dame aged ere manual, ecolme• 

able ottb anon 

131 N. MAIN ST., BROCKTON 64. MASS 

41I.DEN PRODUCTS C o. 
RIOUIST /HI 

"MOEN 
HANDBOOK" 

Here's the story on 

"PA N-I-LITE" —ideal m onitor 

to indicate circuit condition 

PAI rIHD 

bolb aid is,. ere I 
i.oearl, replace. 

0010 .,,a 

5,s; 

7 . ..I 

To 
The panel lights you've used — were bulbs 

easy to replace? Were spares durable and 
always on hand? Did the user have to call • 
service man to replace • light? Was it hard to 
fund panel room to build in the lights you 
wanted?  Did your equipment look like • 
Christmas tree. with • confusing glare of lights? 
Al last — here's • Pan-i-Lste so well thought 

out you need never use any other. You know 
• dead light means danger. Pan-elite's I-piece 
bulb-and-lens is so easily replaceable, it's   
neglected. Spares are unbreakable, easily kept 
in kit, vest pocket, or taped nght in • recess of 
equipment. Instantly replaceable. Glow like 
a red hot poker, yet never with glare that gives 
false signal. Tiny Pan-i-Lites punch into a 
.348" drtll bole, take about Ir's• behind panel, 

y mount on centers .44  apart, allowing 900 
I Lite: per sq ft. of panel. 

n Now A you can rdnhuse indoKf ator lidead  but.whe ssss  s   

y bulb replacement instant, easy, by anyone  
For ALL indicator needs, standardize on Pan-

' i-Lite, the light that really makes sense! 

Send for Somplos of 3 Pon-1-Lit.. ads.% • 
I  brilliant color reiplaCieen•nt bulb.. 
labor sooty Work K It 033, price 14.00. 

L OR SIND $1.00 FOR DEMONSTRATOR 

0,Alp iy rspleme 
12,0 Go.• 
H 'Lanai 

348 

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 front page 1034) 

Crystal Test Set 
The TIO4A Crystal Test, portable, self-

contained equipment for the field testing 
and selection of 1N23B matched crystal 
pairs for X-band balanced mixer applica-
tions in the frequency range of 8500-
9500 mc. has been developed by Micro-
wave Associates, Inc., 22 Cummington 

St., Boston 15, Mass. Provision is made 
for testing pairs for crystal current bal-
ance, IF impedance balance, and leakage 
power (an indication of rf impedance bal-
ance), the three characteristics for which 
test limits have been defined in the pro-
posed JAN  specification  for  1N23B 
matched pairs. Specifically, the require-
ments are as follows: (I) crystal current 
balance within 10 per cent of the lower of 
the two readings; (2) IF impedance bal-
ance within 15 ohms; (3) leakage power 
less than 10 per cent. 
The equipment consists of a 2K25 oscil-

lator, a power-set attenuator, a frequency 
meter, a directional coupler for determin-
ing the leakage power test limit, two 
matched single-ended mixers for measur-
ing leakage power, a balanced test mixer, 
and the required power supply and switch-
ing circuitry. A valuum-tube voltmeter 
is included for the measurement of IF 
impedance. Suitable switching permits the 
two indicators, a 0-1-ma meter and a null 
indicator, to serve multiple purposes. 
Critical circuit constants, however, are 
independent of switch position. 

Teflon Paint 
E. I. Du Pont de Nemours and CO., 

Wilmington, Del., announces that the 
paint plant at Philadelphia is meeting 
production schedules for "Teflon" poly-
tetrafluoroethylene finish, which is selling 
for $75.00 a gallon. 
According to Du Pont "Teflon" finish 

is worth its high cost for several reasons, 
foremost of which is that practically noth-
ing will stick to it. 

(Continued on page 1064) 
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requency response from 
0 to 15,000 cps ± 2 db 
t 15"/sec. tape speed. 
gnal-to-noise ratio: 
xceeds 50 db with less 
than 2% harmonic 

r distortion. 

You ge.t all 3 
iii 

magnecorder 
cboice 

crFengineem 
the world over/ 

Fxclusive unit 
- construction permits 
combination of 
mechanical units and 

- amplifiers for any 
purpose or type of 
mounting. 

coviveivroAt 
-DoRtabati 
The two units 
— mechanical and 
amplifier — distribute 
their weight evenly when 
carried out for remote 
recordings. 

for literature and demonstra-

tion from the distributor listed under 

"Recorders" in your Classified Telephone 

Directory. 

magnecord, inc . DEPT. P-I2 

"MN 

HER METICALLY SEALED 
TO MIL-T-27 SPECIFICATIONS 

NYT offers a wide variety of transformer types to meet 
military and civilian specifications, designed and manu-
factured by specialists in transformer development. 

Latest NYT service for customers is a complete test 
laboratory equipped and approved for on-the-spot 
MIL-T-27 testing and faster approvals. 

NE W YORK 
TRANSFORMER CO., INC. 

ALPHA, NE W JERSEY 

225 WEST OHIO STREET • CHICAGO 10, ILLINOIS 

PROCEEDINGS OF TILE I.R E.  December, 2952 
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• EXTRA FLEXIBILITY 

• FREE STRIPPING 

• HIGH DIELECTRIC 

• RATING -55 TO +250̀C 
•Birsek, brown, red, orange, yel-
low, green, blue, violet (purple), 
grey (slate), white, tan, pink 
(flesh), light green, light blue. 

Built to meet rigid government re-
quirements, Tensolon Hook-up 
Wires are available in sizes from 
AWG30 through 20 with stranded 
silver-plated copper conductors and 
the patented Tensulated Teflon® 
covering which eliminates pin holes 
and other irregularities. 

SPECIAL KIT FOR LABORATORY 
REQUIREMENTS — 
Twelve 100 ft. rolls of 
AWG 22, in assorted colors 
in convenient compact 
container 

$124°° 

Aesn itrzeireic 

ren eres°"1 - 
nê 

TENSOLITE INSULATED WIRE CO., INC., TARRYTOWN, N. Y. 

• If performance and long 
life are the primary factors in your 
application of transformers, then 
submit your specifications to Acme 
Electric. Quality comes first in every 
Acme Electric transformer. 

ACME ELECTRIC CORPORATION 
441 2  W ATER  STREET • CUBA,  N.Y. 

T  F1 A  N 5 F  O R M E  11 5 

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 /eons page 1044) 

Engineers, particularly in the packag-
ing industry or wherever adhesives are 
used, have long been occupied with the 
problem of glue sticking to machine parts 
preventing accurate and efficient opera-
tion. 
A similar headache exists elsewhere in 

industry where sticky substances such as 
powdered soap, rubber, candy, and frozen 
foods are apt to cling to the smoothest 
metal surfaces. "Teflon" finishes seem to he 
the cure to these costly troubles, cheap 
even at 29 cents per tablespoonful. 
The finish is a water suspension of a 

Du Pont-invented plastic which has such 
a high chemical, heat, and moisture resis-
tance it is also used to prevent corroison 
of equipment, and as electrical-wire insu-
lation. 
It is an inherently expensive material 

to produce and will probably never reach 
a price level that would qualify it as a 
consumer product. Moreover, the finish 
must be fused at about 750°F in special 
equipment. 

Solderless Terminal 

A new solderless terminal developed 
especially for control-panel wiring has just 
been announced by Aircraft-Marine Prod-
ucts, Inc., 2100 Paxton St., Harrisburg, 
Pa. 

The reinforced AMPLI-BOND termi-
nal's new design assures that no underlying 
conducting surface will be exposed even 
if the insulating sheath is pierced. This is 
accomplished by means of an insulated 
metal ring near the base of the insulation 
support sleeve. The ring gives all necessary 
strength to combat vibration and sharp 
bending, but does not communicate with 
the electrical connection farther up the 
barrel. 
The terminals are now available in the 

12-10 and 16-14 HD sizes, but in the 
near furture they will be available in 
smaller u ire sizes. They are color coded 
for identification, inspection, and quality 
control. Requests for complete information 
will receive prompt attention. 

(Continued on page 1084) 
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A NEW SPOT-RATING SERVICE 
ON GE THYRATRONS! 

Equipment designers can now call on General Electric 
to investigate and approve applications of thyratrons 

which are not covered by published ratings 

PUBLISHED RATINGS ARE MAXIMUM LIMITS FOR A SPECIFIC SET OF 
CONDITIONS. The published ratings of a G-E thyratron apply to a 
set of pre-established conditions. In actual practice, your new 
circuit may call for a control tube with higher average current 
capacity than, say, the GL-3C23's 1.5 amp—yet peak voltage 
requirement may be less than the tube's rated 1,250 v. At your 
lower voltage, Type GL-3C23 may well carry the additional 
current! General Electric always is glad to suggest such possibilities. 

START WITH WIDEST CHOICE OF TYPES! When you buy an overcoat, 
a camera, or an outboard motor, you are best served at the store 
that offers a large selection of types and sizes. The same holds 
true with electronic tubes. G.E. builds more thyratrons than any 
other manufacturer-34 types in all. You are more apt to find 

the exact control tube you need! 

THYRATRON IS A G-E "FIRST"! General Electric pioneered the 
thyratron, which means longer experience with the tube, greater 
know-how—more opportunity to cross check design against 
performance in all types of applications. 

DISCUSS YOUR PROBLEM WITH G.E.1 A staff of experienced tube 
engineers will be glad to analyze your control-tube needs. 
You may wish to describe these by letter, or ask a G-E engineer. 
to call. There are more G-E thyratrons ... they will do more 
for you! General Electric's new spot-rating service pinpoints both 
advantages to your benefit! Tube Department, General Electric 

Company, Schenectady 5, N. Y. 

GENERAL ELECTRIC 

GL-3C23 
1.5 amp 

GL-5545 
6.4 amp 

GL-5855 
12.5 amp 

CHECK G. E.'S 34 TYPES FIRST! 
What are your thyratron needs? G. E. offers 

you the widest choice in the industry -34 types. 

They range, in average current, from 0.1 amp 

up to 12.5 amp; in peak inverse voltage, from 
200 v up to 15,000 v. Chances are, the ratings 

of one or m ore of these G-E tubes will closely 

approximate your requirements. 



FOR MAXIMUM FLEXIBILITY 

IN 

WAVEFORM 

TIMING 

The Browning Model GL-22A Sweep Calibrator 
is designed to free its users from limitations encountered in the 
use of crystal calibrators. 

Positive pulse with markers to provide 
deflection— modulated display. 

Negative gate pulse. 

Negative pulse with markers 
used to blank sweep. 

.!III !J(llJ1Jlli  

Positive marker output. 

here 
are its 
advantages 

It can be used as the triggering 
source, or can be triggered ex-
ternally by the output of the 
device to be calibrated. The ex-
ternal trigger may be recurrent, 
up to 100 KC, random, or "one 
shot". 

Using the internal trigger, the 
interval between successive mark-
ers is wholly independent of the 
trigger rate. The internal trigger 
is continuously variable from 200 
to 5000 pulses per second. 

The markers are produced 
through the keying action of a 
continuously variable gate, and 
thus can be restricted to the de-
sired portion of an observed 
waveform. The gate pulse itself 
is also available as a useful out-
put, of either polarity, and known 
duration. 

The output markers, at 0.1, 1.0, 
10, or 100 microseconds, accurate 
to -±-170, of either polarity, can 
be continuously varied to 50 volts 
amplitude — sufficient for either 
intensity or deflection modulation 
use. The available intervals, in 
conjunction with the customary 
ruled screens, permit accurate 
measurement of intervals from 
0.01 microsecond to several thou-
sand microseconds. 

Send for data sheet giving full 
details. 

I    \ W. 

ENGI NEERED 
FOR 

ENGINEERS 

BR O W NI N G 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
mfoimation. Please mention your I.R.E. affiliation. 

((.,,,Urnurd from ',nor /06:1) 

Events-Per-Unit-Time 
Meter 

Berkeley Scientific Div. Beckman In-
struments, Inc., 2200 Wright Ave., Rich-
mond, Calif., has a new Events-Per-Unit-
Time Meter (EPUT) Model 556, a high-
speed electronic counter combined with a 
time base which is used to control the inter-
val of counting. The counting rate of this 
unit is from 20 to 100,000 events per sec-
ond and the counting interval is 1 second. 

The instrument therefore reads the un-
known repetition rate directly in events 
per second. The events whose rate is to 
be determined may be any optical, physi-
cal, or electrical occurrences. These can be 
translated into changing voltages and de-
fined directly. The unit automatically 
counts and displays the number of events 
that occur during the 1-second interval. 
Specifications: Count indication is 

by direct decimal presentation by means of 
4 counting units. At frequencies above 
9999 cps only the last 4 digits will be indi-
cated. Accuracy is +1 event with suitable 
time base. Using normal power line, the 
accuracy of the instrument is ±0.2 per 
cent. Power requirements are 117 volts 
± 10 per cent, 60 cps. There are approxi-
mately 100 watts input requirements. 
Sensitivity of 0.2 volt rms over the range 
of 20 to 100,000 kc. Pulses of positive 
polarity are required. Price: $560.00 fob 
factory. 

Booklet on X-Ray Analysis 
A new eight-page booklet, entitled 

"Facts and Figures on Three Powerful 
X-Ray Tools for Non-Destructive Analy-
sis," is available from C. J. Woods, Re-
search and Control Instruments Div. 
North American Philips Co., Inc., 750 S. 
Fulton Ave., Mount Vernon, N. Y. 
Diagrams are used to show the princi-

ples of operation for the three instruments. 
data is given on recommended fields of 
application, and results to be obtained are 
explained. 
In addition, the booklet illustrates how 

the simplest film diffraction unit consisting 
of the basic X-ray generator plus a camera, 
can be converted to spectrometer and 
spectrograph use through the addition of 
these components. 

(Continued on page II0A) 

108A 
PROCEEDINGS OF THE I.R.E.  December, 1932 



VYCYD MOUNTINGS 
Widely Used 

on Home Appliances 

wmcw/// 
Linear and functional output, 

rugged construction, ball bearings, 
SM411 size, low torque. 

syncro-type mount. 

r49/4/-

Push-pull motion, linear and functional 
output, high resolution, 

rectilinear potentiometer. 

Functional and linear outputs, 
coils independently adiustable, 

variety of flexible assemblies. 

/ifelek/rie 
Linear output, minimum torque, 

potentiometer and selsyn outputs, 

most ultra sensitive of them all. 

These potentiometers are available in 
a variety of resistance values 

and circuits. For details on these 
and other fine instruments, write: 

G. NI. MANION & CO., INC. 

Pasadena I, Calif. 

Giannini 

BURBANK, CALIFORNIA 

233 South Third Street 

DETROIT 1, MICHIGAN 

7310 Woodward Ave. 

EVERY ONE of these electrical appliances incorporates 
Lord Mountings to isolate and 
control vibration and shock ... 
thus to improve the operation of 
the appliance ... In addition to 
regular bonded-rubber mount-

, ings, Lord Manufacturing Com-
pany designs and makes pre-
cision bonded-silicone mountings 
to maintain normal performance 
where extremes of temperature 
are encountered. 

Take advantage of lord 

experience . . . specialists 

in vibration control f or more 

than a quarter century. 

DALLAS, TEXAS  PHILADELPHIA 7, PENNSYLVANIA  DAYTON 2, OHIO 

413 Fidelity Union  725 Widener Building  410 West First Street 
Lilo Building 

NEW YORK 16, NEW YORK  CHICAGO 11, ILLINOIS  ERIE, PENNSYLVANIA 

280 Madison Avenue  520 N. Michigan Ave.  1635 West 12th Street 

LORD MANUFACTURING COMPANY • ERIE, PA. 

!Awl/par/err for 
VIBRATION CONTROL 
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• News—New Products 
)11ade lw 6ticlincers At. Cmgineers 

I I GU M 
CORD SETS 

Available In rubber, neoprene and plastic 

Tailored to your needs ... quality con:rolled from 

stark to finish...deadly enemies of CORDeliriuml 
You make the electronic products and we will 
supply the dependable connecting parts. 

Also 
"NOFLAME-C OR " 

The Television Hookup Wire 

CORNISH WIRE alF é. 
50 Church Street  New York 7, N. 2,0• 

Now in o ay home 
4601 West Addison Street 

CHICAGO 41, ILLINOIS 

New telephone: SPring 7-2970 

-  _ 

Microwave Assemblies, Radar Components and Precision Instru-

ments ... manufactured to your Blueprints and Specifications. 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 108.4) 

UHF Signal Generator 
\ new standard signal generator, with 

frequency range of 300 to 1,000 me has 
been announced by Measurements Corp., 
Boonton, N.J. The new instrument, Model 
84-TV, is useful for determining the char-
acteristics of television receivers for the 
uhf band, and other equipment operating 
within that range. 

Output voltage is continuously vari-
able from 0.1 or to 1 volt across a 50-ohm 
load. The output impedance is 50 ohms 
and the vswr is 1.3 to 1 or better. Provision 
is made for operating the filament of the 
oscillator tube from an external direct-
current supply to remove residual hunt. 
Moculation, continuously variable from 

0 to 30 per cent may be obtained from an 
internal 400-cps oscillator. Provision is 
also made for applying external modula-
tion within the range of 50 to 20,000 cps. 
Percentage modulation is indicated by a 
panel meter. 
This instrument is suited for making 

direct-gain measurements of rf amplifiers 
and testing mobile communications re-
ceivers in the uhf range. Because of its 
high output, this new signal generator may 
also be used to drive slotted lines or other 
impedance measuring devices, as well as 
aiding in the measurement of Q. Because 
of Nlodel 84-TV's how harmonic content, 
the characteristics of uhf filters, traps, 
antennas, matching networks, and other 
circuits may be accurately made, without 
the use of selective detectors. 

Precision Pulser 
Radiation Counter Laboratories, Inc., 

3122 Grove St., Skokie, Ill., have a new 
precision pulser, Mark 15 Model 47, a 
pulse generator with an extremely short 
rise-time pulse, and a precise control of 
pulse amplitude. 
The pulser is of value in testing linear 

amplifiers and pulse circuits where a low-
level signal is required. The pulse rise time 
is less than 10- 8 seconds, fall time 350 
Asec. The instrument has ranges of 1-
my, 3-mv, 10-mv, 30-mv, and 100-mv-
pulse amplitude with 10-turn linear po-
tentiometer control over these ranges. 
The pulse height is standardized against 
a standard cell in the instrument. Repeti-
tion rate is 3,600 pps. The instrument is 
similar to Oak Ridge National Laboratory 
Model Q-1066. 

(Continued on page 113,1) 
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SKATING RINKS 

DANCE STUDIOS 

strikes a NE W NOTE in continuous 

performance playback music 

STEAMSHIPS 
•Pa. 

AMUSEMENT PARKS AND 
RECREATION CENTERS 

INTRODUCING THE 

Am Pia 450 
• lip to eight hours of uninterrupted performance — 
day after day, year after year 

• Requires no attention during operation 

• Lowest cost per hour 

The new AMPEX 450 gives you hours of high-quality back-
ground music delivered at lowest cost per hour of any musical 
reproduction system. With the AMPEX there are no inter-
ruptions, no records to change and no attendants since it needs 
no attention during operation. It plays at the touch of a button 
and keeps on playing for as long as eight hours without repeti-
tion. Because tape doesn't lose quality with repeated playings, 

music is always scratch-free and pleasant, with less back-
ground noise and distortion. 

The Model 450 is engineered to rigid AMPEX standards and 
is capable of delivering thousands of hours of service with 

no breakdowns and minimum maintenance. 

For further information, write to Dept. G 

IF YOU PLAN FOR TOMORROW, BUY AN AMPEX TODAY 

PROCEEDINGS OF THE I.R.E.  Drcember, 1952 

Model 450 rack-mounted. 
Also available in portable or console mount. 

FEATURES 
• 50 to 7500-cycle frequency response at 33/4 inch tape speed 

• Standard NARTB reels up to 14 inches 

• Pushbutton controls 

• Automatic reverse control available as an accessory 
permits full eight hour program without interruption. 

AMP NX 
MAGNETIC RECORDERS 

A MP E X ELECT RIC CO RPO RATI O N 
934 CHARTER STREET . REDWOOD CITY, CALIF. 
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flyback transformers 
For reliability in high voltage specify Guthman Flybacks—they wont break down even 
under the most severe voltage requirements. Wire used in Guthman Flybacks is fabricated 
in our own plant and is quality controlled from raw material to finished product 
guaranteeing a superior uniformity of performance. The excellent linearity and voltage 
regulation characteristics of Guthman Flybacks aids in preserving picture quality. 

Coils used in Guthman Yokes are form wound. Complete isolation between vertical 
and horizontal coils achieved by a molded nylon piPce permits a yoke rating of 
5,000 volts pulse maximum. Anti-magnetic core retainer band and brass mounting 
nut assures no magnetism in Guthman Yokes. 

DELAY LINES 

SHIELD CANS 

ANTENNA COILS 

OSCILLATOR COILS 

COMPRESSION TYPE 
MICA TRIMMERS 

I.F. TRANSFORMERS 

LOOP ANTENNAS 

R.F. TUNERS 

Kinross anoint, Artivierrosnie 



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 froln page 11(J.4) 

Smog Problem Eliminated 
Production-line operators at the CBS-

Columbia, Inc., Television Plant,  170 
53rd St., Brooklyn 32, N. Y., have over-
come a "smog" problem by ingenuity. A 
fan running in reverse, as shown in pic-

ture, pulls the soldering fumes away from 
the operator's nose. Suction action is ac-
complished by reversing the fan on a 
motor shaft, or by rebending the fan 
blades. Simple hardware cloth gives more 
protection than an ordinary fan guard. 

(Continued on page 114A) 

INTERFERENCE FILTER 
• Covers 0.15 to 1000 megacycles 

• Handles up to 20 amperes 

500 v.d.c./130 v.a.c., 0-1700 cps 

In a pare only 2" x 2" x  lb. sou ran get better 

than 86 lb attenuation throughout most of the useful 
range  up to p m rnegar y IP. by using any one of the 
#1547 aeries of Tobe interferenr. filter,. With their 

extremely low ,erses re.idance. these effective filters 
base negligtble soilage drop and only shah, tempera. 
lure rbe.  ,Cflr• 1;17 Site,, Meet 
military tperification•  .•••1,—.. -',., •-

RIMY IN A W ORM M S 

tan I.e u n TIrPri  k 

neweiwie mules. wnte Tor he, data 
oheN  dr  ioloNnagoon 

TOBE DEUTSCHMANN 
C O R P O R A TI O N 

NOR W O OD,  M ASSACHUSETTS 

These American Electric 

Miniatures 
do B  16 jobs! 

Cooling and Ventilating 
CENTRIFUGAL BLO WERS 

400 cycle, 60 cycle, or variable frequency 
types (320 to 1000 cps.) 

Substantially flat output over full frequency 
range on variable frequency models with 
minimum watts loss. 
Blower scrolls of latest design are molded of 
fibre-glass reinforced plaskon: practically 
unbreakable, highly resistant to impact, de-
formation, heat and cold. Blower unit un-
usually small in size and weight for compact 
installations. Generally used when working 
against pressure heads ranging up to 1.2" 
water. Single or double end blowers. Clock-
wise or Counterclockwise rotation. Output 
range: 24 to 200 dm. Made in sizes: Num-
bers 11/2 , 2, 212, 3. 

AXIAL FLO W FANS 

400 cycle operation 

In its smallest size this compact, light weight 
unit is equipped with a 2" fan protected 
with 18" mesh Ws" 0.0. screen shroud. 
Other larger sizes special. Air stream is 
conical. Recommended for use at 0 static 
pressure where semi-directed air flow is 
required. Motor diameter 1.45". Rotation: 
Clockwise or Counterclockwise. Output: 30 

PROPELLER FANS-400 cycle operation 
Built for limited space applications requir-
ing maximum air movement widely dis-
persed. 
Operates at 0 static pressure in ambient 
temperatures from —65° to +65' C. Made 
in 2, 3, 4 and 51/2 " fan diameters. Output 
range: 33 to 680 clm. 

Motivating Cams, Timing Devices, Antennas, 
Clutches, Optical Equipment, etc. 

MINIATURE INDUCTION MOTORS 

400 cycle, 60 cycle, single and poly phase, 2 
to 8 pole. Frame diameters: 1.45", 1.75", 
2", 21/2 " & 3-5/16". Output torque range: 
1/2  in. oz. to 50 In. or. 

SYNCHRONOUS MOTORS 

400 cycle, 60 cycle, hysteresis and reluctance 
types. Single and poly phase: 2. 4 and 6 
pole. Frame diameters: 1.45", 1.75", 2", 
21/2 ", 3-5/16". Output torque range: .01 In. 
oz. to 10 in. or. 

Both induction and synchronous motors can be supplied for inter-
mittent or continuous duty, with standard or high temperature 
insulation. Drive and synchronous motors: any standard shape. 

Manufacturers' also of 
INSTRUMENTS, 

SERVO-MOTORS AND 
SYNCHROS, 

HIGH FREQUENCY 
POWER SUPPLIES 

(Inductor—Alternator type -
500 watt to 75 KVA output). 
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Tt) BULB 

STANDARD 

What is your Delay or Regulating Problem? 

For the most effective solution use the 

SIMPLEST, MOST COMPACT 

MOST ECONOMICAL 
HERMETICALLY SEALED 

THERM 61:4"T iiC RELAYS 
Provide delays ranging from 2 
• Actuated by a heater, they operate 
Pulsating Current. 

• Hermetically sealed. Not affected by 
or other climate changes. 

• Circuits: SPST only—normally 
open or normally closed. 

Amperite Thermostatic Delay Relays 
are compensated for ambient tem-
perature changes from -55° to 
+70°C. Heaters consume approxi-
mately 2 W. and may be operated 
continuously. The units are most 
compact, rugged, explosion-proof, 
long-lived, and—very inexpensive! 

to 120 seconds. 
on AC., D.C., or 

altitude. moisture, 

TYPES: Standard Radio Octal, and 9-Pin Miniature. 

PROBLEM? Send for Bulletin No. TR-8I 

BALLAST-REGULATORS 
• Amperite Regulators are designed to keep 
the current in a circuit automatically regulated 
at a definite value (for example, 0.5 amp). 

• For currents of 60 ma. to 5 amps. Operates 
on A.C., D.C., or Pulsating Current. 

• Hermetically sealed, light, compact, and 
most inexpensive. 

VOLTAGE or 1LV 

BATTERY 6 CHARGER 

VARIES APPROX 

50% 

WITH •MPIII ME 

VOLTAGE VARIES 

ONLY 

Maximum Wattage 

T6f 

7 

LL 

Dissipation: T6 121.-5W, T9-10W. 

Amperite Regulators are the simplest, most effective method 
for obtaining automatic regulation of current or voltage. Her-
metically sealed, they are not affected by changes in alti-
tude, ambient temperature (-55 ° to +90 °C), or humidity. 
Rugged; no moving parts: changed as easily as a radio tube. 

Write for 4-page Technical Bulletin No. AB-51 

AMPERITE CO., Inc. 561 Broadway, New York 12 , N. Y. 

In Canada: Atlas Radio Corp., Ltd., 560 King St., W., Toronto 2B 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further techrucal 
information. Please mention your I.R.E. 

(Continued ft-m to,te /VA) 

27-Inch TV Picture Tube 
The General Electric Co., Tube Dept., 

1 River Road, Schnectady, N. V., today 
announced the development of a 27-inch 
rectangular television picture tube. 

The tube is a magnetic-focus, magnetic--
deflection, all-glass tube which features 
an aluminized backing on the screen 
which reflects light emitted from the back 
surface of the screen, providing a picture 
which is up to 1(0) per cent brighter than 
a nonaluminized 27-inch tube at the same 
voltage; consequently, it has greatly in-
creased black and white contrast. 
The tube, type number 27EP4, pro-

vides a 24 by 18f-inch picture. 
Recommended operating conditions 

for the 27EP4: anode voltage, 16,000 of 
volts grid #2 voltage, 300 volts grid #1 
voltage, —33 to —77 volts; and ion-trap 
field intensity, 38 gausses. 

Transformers and IF-RF 
Coils 

Si. !mew t rt 11,1‘ Will er ,. are mu m' avaHabit-
from Merit Coil and Transformer Corp., 
4427 N. Clark St.,..Chicago 40, 
Types P3076 and P3078 are units for 

the new low-voltage, high-current TV set 
designs and P3079 is an isolation power 
transformer for sets such as Philco Model 
501'201 and RCA 17T151, which use sele-
nium rectifiers. Much!' 1'3097 is a damper 
isolation filament transformer. Rating is 
primary 6.3, secondary 12.6 at 1 ampere 
or 6.3 at 1.2 amperes. TV auto transfor-
mer Model P3098 is a picture-tube vol-
tage booster with rating of primary 6.3, 
output 12.6 at 1 ampere with taps at 9.45 
and 6.3 volts. 
Merit has also announced six new IF-

RF coils. Three 4.5-mc coils are for TV 
sound amplifier, sound discriminator, and 
sound detector use. They have I-inch 
clip-type mounting. Two 262-kc and one 
455-kc filter-type IF coils are for late 
model auto radio sets. 

(Continued on page 116,1) 
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MULTI-CHANNEL 

OSCILLOSCOPES 

... for more accurate 
farther-reaching TEST, 
RESEARCH and CONTROL 

By facilitating simultane-
ous observation or strip-film 
recording of 2, 4 or more tran-
sients, ETC multi-channel 
oscilloscopes pave the way to 
more accurate research, test 
and visual control along many 
lines. Available types cover a 
broad range of requirements in 
laboratory research, produc-
tion testing, electroencephalo g-
raphy, neurophysiology, seis-
mology, explosives, strain and 
vibration analysis and other 
fields. Catalog on request to 
Electronic Tube Corporation, 
1200 E. Mermaid Lane, 
Philadelphia 18, Pa. 

MULTI-GUN 

C-R TUBES 

COUNTING 
PLUS CONTROL 

AT RATES TO 

40,000 CPS 
WITH 

PRESET COUNTERS 

DESCRIPTION—The Berkeley Preset Counter is an electronic decade with 
provisions for producing an output signal or pulse at any desired preset count 
within the unit's capacity. Any physical, electrical, mechanical or optical 
events that can be converted into changing voltages can be counted, at rates 
from 1 to 40,000 counts per second. Total count is displayed in direct-reading 
digital form. Presetting is accomplished by depressing pushbuttons corres-
ponding to the desired digit in each column. Model 730 Preset Decimal 
Counting Units are used. These are completely interchangeable plug-in units 
designed for simplicity of maintenance and replacement. 

APPLICATIONS—Flexibility and simplicity of operation make the Berkeley 
Preset Counter suitable for both production line and laboratory use. It has 
practical applications wherever signalling or control, based on occurrence of 
a predetermined number of events or increments of time is desired. Output 
signals from the unit can be used to actuate virtually any type of process con-
trol device, or to provide aural or visual signals. 

SPECIFICATIONS Model 

MAX. COUNT CAPACITY 

INPUT SENSITIVITY (MIN.) 

422  423 1 

100  1000 

1424   425  426 

10,000  100,000  1,000,000 

± 1 v. to ground, peak; at least 2 A sec. wide 

OUTPUT 
Choice of pos. pulse and relay cl  , or pos. pulse. SPST 
relay closure approx. 1/30 sec; pulse output is + 125 v. 
with 3 A sec. rise time and 15 A sec. duration. 

PANEL DIMENSIONS 

OVERALL DIMENSIONS 

POWER REQUIREMENTS 

PRICE (F.O.B. FACTORY) 

153/4 " x 83/4 "  19" x 81/4 " 

161/4 " x 101/4" x 13"  203/4 " x 101/4 " x 15" 

117 v. ± 10% @ 90w.  117 v. -± 10% @ 180 w. 

$375  $450  $595  1  $695  1  $795 

For complete information, please request Bulletin 2012 

division of 13ECK MAN INSTRU MENTS INC. 
2200 W RIGHT AVENUE • RICH MOND, CALIFORNIA 

"DIRECT  READING  DIGITAL  PRESENTATION  OF  INFOR MATION" 

PROCLEIJINGS (A 1 III. I I,' I.  lictember, 192 



QUALITY • QUANTITY • QUICKLY 

Type BNC UG-2 74/U 

The Right Connection ... right now! 
Dage RF connectors are designed right, engineered right, 

built right—and available now. Each part is carefully made— 
Dage connectors are precision assembled to assure a sure 
connection. 

Check your specifications—be sure you're right—ask for 
Dage radio frequency connectors. 

ALWAYS SPECIFY 

Dage is versatile ... any standard or special RE connector 
can be quickly produced at Dage. Write for Catalog 101. 

RADI O FRE QUE NCY CON NECT ORS 

DAGE ELECTRIC COMPANY, INC., 67 NORTH SECOND STREET, BEECH GROVE, IND. 

WRITE FOR THE STORY OF METAL SPINNING."  Find out how 
engineers design for lower costs; how to use the Teiner experi-
mental shop and how Teiner provides all-gauge —all-metal — 
any-quantity spinning for industry. Read about this spinning 
shop, now largest in the east and tops in scientific experimental 
spinning.  Ask for Brochure 52 E. 

A N D 

TEENIER 
C O M P A N Y,  IN C O R P O R A T E D 

134 TREMONT ST., EVERETT 49, MASS.  Tel. EV 7-7800 

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 Irons Page 1114) 

Synchronous Motor 
The A. W. Haydon Co., 240 N. Elm 

St., 1Vaterbury, Conn., has developed 
practical 400-cycle synchronous ac timing 
motor for use where light weight, accuracy, 
and dependability are required. 

L. 

T W AI N 

tralA   do..  to (It • 

"  • 1̂1.  . U. 01 17  

A29 
sv waiting,* 
wools 

11 

if IVA/. 

The 400-cycle motor features almost 
instantaneous starting and stopping. Use 
of a single-pole double-throw switch 
accomplishes  effective  reversing. One 
winding 90° out of phase assures rapid 
starting, smooth operating, and absolute 
ease of reversal. 
Nlounting dimensions are identical, 

providing convenient interchangeability in 
all timers manufactured by Haydon. 
Weight 8 ounces. 
The motor operates on 115 volts ±10 

per cent with frequency of 400 cps ± 20 
per cent. The torque is 0.025 ounce-inch 
at 3,000 rpm starting and running. The 
motor operates with a power of 6 waits, 
including the phase shift network (4.5 
watts motor winding). The rotor speed is 
3,000 rpm at 4,000 cps with output speeds 
available from 3,000 rpm to 13 rph. 
The new 400 motor meets the temper-

ature, altitude and vibrations requirements 
of MIL-E-5272. 

Manual on Circuit Breakers 
A new manual explaining operating 

principles of basic circuit breaker designs 
and providing engineering data on factors 
of application has just been published by 
the Heinemann Electric Co., 306 Plum St., 
Trenton 2, N. J. 
Included in the new manual are simpli-

fied diagrams, with brief descriptions, 
showing the three basic types of circuit 
breakers in general use today. Explana-
tions of temperature factors, inrush cur-
rent effects, tripping and reset time, and 
time delay curves are provided. Also dis-
cussed are the questions of quick or slow 
make-and-break, and wire deterioration 
rates at various ampere values. 
Copies of Manual 101 are available 

upon request. 
(Continued on rage 1184) 

PROCEEDINGS OF TUE I.R.E.  December, 1952 



RELAYS... WORLD'S 
LARGEST STOCK! 

Your requirements of 
large or small quanti-  et 
ties of relays can be 
quickly supplied from our huge stock. 
Wide variety of types, all made by 
leading manufacturers. Each relay is 
brand new, inspected and fully guar-
anteed by Relay Sales. 

/STANDARD  TELEPHONE  RELAYS 

/SHORT  TELEPHONE  RELAYS 

/DUAL TELEPHONE RELAYS  /SLOW 

ACTING RELAYS  /SEALED RELAYS 

/ROTARY RELAYS  /MIDGET RELAYS 

/KEYING RELAYS  / DIFFERENTIAL 

RELAYS  /PLATE CURRENT RELAYS 

VANTENNA  SWITCHING  RELAYS 

V"BK'' SERIES  /STEPPERS 8. RATCHET 

RELAYS  /LATCHING 8, INTERLOCKING 

RELAYS  / MECHANICAL ACTION RELAYS 

VOLTAGE REGULATORS  / OVERLOAD 

8, CIRCUIT BREAKERS  /REVERSE 

CURRENT RELAYS  /AIRCRAFT 

CONTACTORS  / MOTOR 8. CONTROL 

DEVICES  /TIMERS  /SOLENOIDS 

/ RELAY ASSEMBLIES 

71.exo 
RELAY SALES 

CATALOG 

NO W READY 

WRITE FOR YOUR 

COPY TODAY 

833 W. CHICAGO AVE.. 

Announcing a NEW, 

Different kind of Capacitor 

Concentric High Ratio Air Capacitor 

The new Johanson Concentric High Ratio Air Capacitor recommends 
itself to applications requiring a low minimum capacity, high Q, and 
stability. It has a maximum capacity of 35 mmfd. and a minimum 
capacity of 1 mmfd. Because of this ratio of capacity, it has many 
varied applications in electronic equipment where capacitive adjust-
ments need to be made over a wide range with great accuracy. 
The new Johanson capacitor is constructed entirely of silver-plated 

brass and Pyrex glass, which makes it ideally suited for all applications 
of a high frequency nature. It is a high Q capacitor at and above 
200 mc. 
The friction spring of the new capacitor assures a permanent setting 

of the rotor. The vernier action of the rotor screw allows all adjust-
ments up to eight full turns to be made quickly and precisely. 

SPECIFICATIONS 

Low minimum capacity, 1 mmf.  High maximum capacity, 35 mmf. 

High 0 —better than 10,000 at  Voltage breakdown over 500V DC 

15 mc. 

High stability. 

Vernier action —better than 8 turns to accomplish the capacity change. 

Capacity against rotation is a linear function. 

High ratio —capacity at maximum 

is 35 times its minimum capacity. 

16 

Requires spore .700 x 1" long behind panel. 

Write for further information 

MANUFACTURING CORPORATION 
17 ROCKA WAY VALLEY ROAD, BOONTON, N 

VP'''. I / 

DE, . 7, CHICAGO 22, III 

rrt, 11/R I.!? E..  I iriembrr,  ' I I 



AGASTAT 
TI ME DTREADLAMYA" RELAY 

ie I Vtista etc9 , 

Small — Compact — Few moving parts — Easily mounted 
Operates in any position 

Time delay range, 1 second to 5 or more minutes 

AVGV A DIVISION OF ELASTIC STOP NUT CORPORATION OF AMERICA 

Pik 1027 NEWARK AVENUE • ELIZABETH 3 • NEW JERSEY 

NEY'S SMALL PARTS PLAY A BIG PART IN PRECISION INSTRUMENTS 

%1 
• • 

5355 
It. y40 

a." 

1). 199  

Vss°  

;;•'. 

oo• .s.v? 

nos.,'..e"°;•••°-
104 ve wre"."-

csO io 4.1'  tt  aso 
to"  11:00,4 •.  ,e0J.  1.00 ' 

0.  IS O 
0. 0 

NEY slip rings are used very satisfactorily 

on all AVIEN Fuel Gage Indicators. 

Do you have our Bulletins R-12, R-13, and R-14? 

THE J. M. NEY COMPANY, 171 Elm St., Hartford 1, Conn. 

Specialists in Precious Metal Metallurgy Since 1812 

It NY 52 A 

News—New Products 
These manufacturers have invited PROCEEDINGS 
leaders to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

Woratritted from rage 116/1) 

Capacitors 
Industrial Condenser Corp., 3243 N. 

California Ave., Chicago 18, III., has a new 
line of capacitors possessing stable char-
acteristics over a wide range of temper-
atures. Known as the "Stabelex D" series, 
these capacitors are particularly adapted 
for use in equipment subjected to extreme 
altitude and climatic changes or similarly 
difficult operational variables. 

"Stabelex D" capacitors have an un-
usually low temperature coefficient of 
('apacity, as is evidenced by only an 0.8 
per cent change in capacitance from +20° 
C to —80° C. This is a highly important 
factor in circuits where the constants de-
pend on unvarying capacity. Power factor 
is 0.00025 at I kc. Insulation resistance at 
20° C is said to be approximately 500 times 
that of ordinary commercial oil capacitors. 
It is claimed that "StaLelex I)" capacitors 
have time constants in excess of 4,800 
hours. 

Contact Cleaner 
Quietone Div., R. & L. Radio-Tele-

vision, 1704 Hudson Boulevard, Jersey 
City 5, N. J., has announced the develop-
ment of a new contact cleaner and lubri-
cant. Trade named Quietone, it is a highly 
effective cleaner, non-inflammable, non-
corrosive, and non-solvent to metals or 
plastics. Oscillator frequency characteris-
tics.are not affected by it. Nlost important 
of all, lubrication action is non-greasy but 
useful in preventing future oxidation. 
Quietone has been field tested by service 
organizations in television, electronics, 
communication,  telephone,  test equip-
ment, automotive fields, and other allied 
electrical uses. 
Quietone is mat keted in 2 ounce drop-

per bottles, 2 ounce plastic spray squeeze 
bottles, 8 ounce and quart sizes. 
Exclusive wholesale distributor; Fischer 

Dist. Co., 118 Duane St., New York. N. Y. 

Voltage Stabilizer Bulletin 
A new 12-page, two-color bulletin on 

automatic voltage stabilizers ranging from 
15 to 5,000 volt amperes has been an-
nounced as available from the General 
Electric Co., Schenectady 5, N. Y. 
The booklet  (GEA 5745)  contains 

photographs and diagrams of the equip-
ment, explains operation principles and 
construction, and gives complete specifi-
cations. It also describes the causes and 
effects of voltage variations and lists 
typical applications for stabilizers. 

(Continued on rage /2029) 
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Consistent SQUARE WAVE QUALITY... 
Put 4 fr  On The Map 

On air map or road map of New 

Jersey, you will see the name 
"Aircraft Radio" marking our 
location just N.N. W. of Boonton. 
Names don't appear on the 

map overnight. It takes stability 
and reputation. And as we ap-
proach our 25th anniversary, it 
is gratifying to know that A.R.C. 
has been "put on the map" in 
another sense, too. All over the 
world, A.R.C. is known and 

our communications and naviga-
tional instruments are widely 

used and trusted. 
A.R.C. has become a stand-

ard of excellence in its field be-
cause it is quality-built for pre-
cision rather than price. Into 
each unit go the finest of com-

ponents— plus 24 years of spe-
cialized engineering experience. 

VHF NAVIGATIONAL RECEIVERS 

MARKER BEACON RECEIVERS 

ISOLATION AMPLIFIERS 

LF RANGE RECEIVER WITH LOOP 

VOR TEST EQUIPMENT 

MICROWAVE TEST EQUTMENT 

Dependable 
Electronic Equipment 

Since 1928 

fiircraft Radio Corporation 
BO O NT O N  NE W  JERSE Y 

GENERATORS 

Use a Type  1" 
for response 

check s and c 
adjustments 

f wide-band  
equiPment  41, 410 

TYPE 105 

With a Type 105 you can quickly and accurately test 
equipment having a pass-band of a few cycles per sec-

ond to 20 mc. The square wave generated has flat hori-
zontal portions for low frequency checks, and a rise-
time of 0.02 µsec into a load of 100 ohms or less for 
high frequency work. Frequency range of the square 
wave is continuously variable from 25 cps to 1 mc. The 

direct reading frequency meter is accurate within 3% 
of full scale. 

The Type 105 can be easily synchronized with a fre-

quency standard if desired. A sync output of about 5 v 
is available for external use. Square wave output ampli-

tude is continuously variable from 0 to 100 v peak to 
peak across an internal 600 ohm load. Current avail-
able for external load — 0 to 160 ma. All dc voltages 

electronically regulated. 

Type 105 — $395 f o.b. Portland, Oregon 

PRODUCTION TESTING 
Here is a low cost square wave generator for 
production line testing of amplifiers, filter net-
works and attenuator circuits. The Type 104A 
generates four fixed frequencies —SO cps, 1 
kc, 100 kc, and 1 mc. Risetime of the two high 
frequencies is 0.02 psec without overshoot. 
Amplitude of both low frequency outputs is 
continuously variable from 0 to 50 v and accur-
ate within 3%. Selected frequencies will be 

supplied on special order. 

Type 104A — $195 f.o.b. Portland, Oregon 

TEKTRONIX, Inc. 
P. 0. Box 831B, Portland 7, Oregon  Cable: TEKTRONIX 
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TWO-SPEED 

PRECISION DRIVE. 

TWO SPEEDS • SINGLE CONTROL 

FREE OF BACKLASH 

Accuracy of scale reading 100% 

Coarse searching speed plus fine 
setting control. 

Single control knob displaced 
axially to select the speed ratio. 

Spring-loaded gears with auto-
matic take-up of any wear or 
play between pri mary and 
secondary drives. 

Pointers geared directly to 
centre spindle. 

Security in operation: friction 
clutch obviates overdriving. 

TYPE NUMBER EFFECTIVE 
SPEED RATIOS 

OF DIAL SCALE 

COARSE FINE No. MARKINGS LENGTH 

52 1.000 3.3 feet I : 8 I : 120 
63 1.000 3.3 feet I : 13 I : 120 
57 2.000 66 feet I : IS I : 200 
SO 2.000 66 feet I : IS I : 200 
53 2.000 6.6 feet I IS I : 200 

We are specially organized to handle direct 
enquiries and orders from U.S.A. 

Billed in dollars. Settlement by your check. 

CABLE OR AIR MAIL TO-DAY 

TRANSRADIO LTD 
CONTRACTORS TO H M. GOVERNMENT 

138A CROMWELL ROAD, LONDON, S.W.7., ENGLAND 

CABLES — TRANSRAD, LONDON 

120A 

News—New Products 
These manufacturers have invited PROCEEDINGS 
;ceders to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from /,age 1184) 

Capacitors 
The Johanson Manufacturing Corp., 

Boonton, N. J., announces development 
of a new concentric high-ratio capacitor 
with a maximum capacity of 35 pmf, and a 
minimum capacity of 1 ppf. The new item 
is now being produced in quantity. 

The capacitor is recommended for ap-
plications requiring a low minimum capac-
ity, high Q, and stability. Because its 
ratio of capacity is 35 to 1, it has many 
uses in electronic equipment where capaci-
tive adjustments need to be made over a 
wide range with great accuracy. 
The new capacitor is being used in ten-

channel transceivers with outstanding re-
sults. Because of its construction of silver-
plated brass and Pyrex glass, it has excel-
lent performance characteristics at the 
higher frequencies. It is high Q capacitor 
at and above 200 mc. 
A friction spring that locks the rotor 

assures its stable characteristics and 
permanency in instrument calibration is 
guaranteed. 

Selenium Diodes 
Two new sub-minature selenium di-

odes, Type 1S1 and Type 5I'l, have been 
developed by International Rectifier Corp., 
1521 Grand Ave., El Segundo, Calif. 

The type 1S1 is rated for a maximum 
of 26 volts rms at 100-pa output, while the 
Type 5U1 is rated for 130 volts maximum 
at 1.5 ma. These new diodes augment the 
line of eight types currently being pro-
duced for operation in an ambient tempera-
ture range of 50 to 100° dc. The units are 
encapsulated within a thermosetting plas-
tic. These diodes are being used to provide 
bias for tubes in diversified military and 
commercial electronic equipment. The on t-
put voltages available are 20 to 100 volts 
at currents of 100 pa to 1.5 mamps. The 
Type 1S1 is 0.10 inch wide by 0.21 inch 
long. The Type 5U1 measures 0.30 inch 
wide by 0.25 inch long. 

(Continued on page 1364) 

LINEAR 
MOTION 

POTENTIOMETERS 
BOURNS precision wire-
wound potentiometers 
accurately translate 

mechanical position into 
an electrical signal. 
Resolution of .001 inch 
attainable in all standard 
ranges from 1 to 6 inches. 
Technical publication 
describing standard 

models and special 
applications available 
upon request. 

BOURNS designs and 
manufactures other 
potentiometer instru-
ments which measure 
such physical variables 
as gage pressure, 

differential pressure, 
altitude and acceleration. 

3OURNS 
LABORATORIES 
6135 MAGNOLIA AVENUE 

I RIVERSIDE, CALIFORNIA 
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TOP HAT 
RETAINERS 

Securely holds tubes and other plug-in 

components in position. 

They will not loosen under the most 

extreme conditions of shock or vibrations. 

Made in a variety of sizes to fit almost 

any type tube. 

Recommended for use in Army, Navy 

and Air Force equipment. 

• EASY TO APPLY 
• INSTANTLY RELEASED 

• POSITIVE LOCKING ACTION 

540 West 58th Street  15231 Street N. W. 

New York 19, New York  Washington 5, D. C. 

to your 
OPEN WIRING 
CABLE SUPPORT 
PROBLEMS 

Use the 
ALL NYLON 
"Nyloc" 

CABLE CLIPS 
for tough 

conditions 

end unusual 

heat, etc. 

Use the 
ETHYL CELLULOSE 

"EthoLoc" 
CABLE CLIPS 
for overage 

conditions 

and maximum 

economy 

S.ind for details and FREE samples. 

WECKESSER COMPANY 
5x69 N Arondo r  re  Chicdgo 30, III 

SONODYNE 
MULTI-I MPEDA NCE  DY N A MIC  MICR OPH O NE 

at recording time!" 

say actual users" in the field 
and here are a few reasons why .. 

p
- -This microphone has been used for a 
variety of purposes—but mostly for 
tape recording fifteen-minute shows for 
future airing on a nearby radio station. 
We like it fine, and it does take a beating.'' 

Speeds and Drama Director 
Indiana 

-A wonderful little mike. Plenty of 
gain and normal voice." 

Director of Radio Activities 
Texas 

-We are using this microphone with 
good results on our recorder." 

Audio-Visual Librarian 

g • -Wonderful for wire recording pur-II poses and P.A. U M.. I Use it mainly 
fiir recording." 

Sound Service Massachusetts 

78  - "Used for recording organ music. 
Performance is very satisfactory: 

' especially good on highs." 
Recording Professional 

Colorado 

p-  "Very good output and fidelity. Used 
for recording for broadcast purposes." 

l'roducer and Director 
Canada 

f74-  -Excellent results in recording and 
for comments in the showing of 
motion pictures. 

Amateur 
Neu, York 

• individual name, 
available on requ..i. 

SHURE BROTHERS, Inc. — Microphones and Acoustic Devices 
225 West Huron Street, Chicago 10, Illinois  •  Cable Address: SHUREMICRO 

PROCEEDINGS OP THE I.R.E. December, 1952 



S 

to ow 

ELECTRICAL 

ENGINEER 

or 

PHYSICIST 

with experience in 

RADAR 

ELECTRONICS 

Hughes Research and Develop-
ment Laboratories, one of the 
nation's leading electronics 
organizations, are now creating 
a number of new openings in 
an important phase of their 
operations. 

Here is what one of these positions offers you: 

THE CO MPANY 

Hughes Research and De-
velopment Laboratories, 
located in Southern Califor-
nia, are presently engaged 
in the development and 
production of advanced 
radar systems, electronic 
computers and guided 
missiles. 

THE NE W OPENINGS 

The positions are for men 
who will serve as technical 
advisors to government 
agencies and companies 
purchasing Hughes equip-
ment—also as technical con-
sultants with engineers of 
other companies working 
on associated equipment. 
Your specific job would be 
essentially to help insure 
successful operation of 
Hughes equipment in the 
field. 

• 

HUGHES 

THE TRAINING 

On joining our organiza-
tion, you will work in the 
Laboratories for several 
months to become thor-
oughly familiar with the 
equipment which you will 
later help users to under-
stand and properly employ. 
If you have already had 
radar or electronics experi-
ence, you will find this 
knowledge helpful in your 
new work. 

WHERE YOU WORK 

After your period of train-
ing—at full pay—you may 
( I) remain with the Labor-
atories in Southern Califor-
nia in an instructive or 
administrative capacity, (2) 
become the Hughes repre-
sentative at a company 
where our equipment is be-
ing installed. or (3) be the 

Hughes representative at a 
military base in this coun-
try or overseas (single men 
only). Compensation is 
made for traveling and 
moving household effects, 
and married men keep their 
families with them at all 
times. 

YOUR FUTURE 

In one of these positions 
you will gain all-around ex-
perience that will increase 
your value to our organiza-
tion as it further expands in 
the field of electronics. The 
next few years are certain to 
see large-scale commercial 
employment of electronic 
systems. Your training in 
and familiarity with the 
most advanced electronic 
techniques now will qualify 
you for even more impor-
tant future positions. 

How to apply: 

RESEARCH AND 

DEVELOP MENT LABORATORIES 

Engineering Personnel Department 
Culver City, 
Los Angeles County, California 

f you are under thirty-five 
years of age, and if you have 
an E.E. or Physics degree, 
write to the Laboratories, giving 
resume of your experience. 

Assurance is required that 
relocation of the applicant 
will not cause disruption of 
an urgent military project. 

• 

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 a reason for the 
refusal. 

PROCEEDINGS of the I.R.E. 
1 East 79th St., New York 21, N.Y. 

ELECTRONIC ENGINEER 
An established businesi organization en-

gaged  in development and manufacture of 

products for VHF and UHF television. Appli• 
cation requires an individual qualified to work 
independently, to organize, and to supervise 

development projects. This position is to be 
permanent and will offer the opportunity for 
unlimited advancement to a successful career. 
Stimulating and congenial surroundings in a 
newly acquired plant. Attractive salary. Write 

stating  qualifications  to  Blonder-Tongue 
Laboratories, 526-536 North Ave , Westfield, 
New Jersey. 

ELECTRONIC ENGINEERS 

Electronic engineers meeting civil service 
requirements are needed by the Mare Island 
Naval Shipyard in connction with the installa-
tion, maintenance, and major repair of elec-
tronic equipment in the Pacific area or at shore 
activities in the Twelfth Naval District and 
on board ships at the shipyard. Address in-
quiries to the Employment Dept., Mare Island 
Shipyard, Vallejo, Calif. 

ENGINEER 
An engineer with a degree in communica-

tions or electronics to work with a growing 
sales engineering organization in the south-
west, selling complete line of component parts 
and test equipment. Production engineering 
experience desirable. Live in Dallas, Texas, 
and travel to Oklahoma, Arkansas, Louisiana 
and Texas. Please sumbit a complete applica-
tion stating educational background and past 
work experience. John A. Green Co., 6815 
Oriole Drive, Dallas 9, Texas. 

TRANSFORMER ENGINEER 
We are steking a man experienced in design, 

development and manufacturing; to head pro• 
gressive, growing electronic type transformer 
company. Salary $7000 to $8500. Metropolitan 
New York area. Box 710. 

ENGINEERS 
MIT's Digital Computer Laboratory has op-

portunities in the development of high-speed 

electronic digital equipment (including work 
on vacuum-tube circuitry, ferromagnetic and 
ferroelectric memory cells and computer ele-
ments, and magnetic drum usage). There is 
also work on use of high-speed digital compu-
ters to control large physical systems, involv-
ing study of the control requirements of the 
whole system and reduction of these to a 
simple pattern of coded instructions. Position 
requires appreciation of physical systems, in. 
genuity, and imagination. Candidates experi-
enced in computer principles will be trained. 
Persons from other fields are encouraged to 
apply and may come on leave. Opportunity for 
academic study. Salary appropriate to candi-
date's experience and training. Further in-
formation on request. Apply: MIT Digital 
Laboratory, 211  Massachusetts  Ave.,  Cam-
bridge 39, Mass. 

(Continued on page 124A) 
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This is the Boeing team's jet heavyweight 

Here is a flight shot of the giant 
Boeing B-52 Stratofortress. An eight-jet 
heavy bomber, the Stratofort is a fast, 
husky teammate to the B-47 Stratojet 
medium bomber. It's 153 feet long, 
measures 185 feet from wing-tip to 
wing-tip, and is powered by eight Pratt 
& Whitney J-57 engines. Speed and 
other performance details are carefully 
guarded secrets. 

This Boeing jet-bomber team is just 
another example of the trail-blazing 
that, over the past 35 years, has kept 
Boeing engineers at the head of the 
design parade. 

If you measure up to Boeing stand-
ards, you can share this Boeing prestige. 
You'll work with men renowned in their 

fields, on such challenging projects as 
guided missiles, nuclear-powered air-
craft, and the exploration of supersonic 
flight. 
There are openings at Boeing right 

now for experienced and junior engi-
neers in all fields, for aircraft 

• DESIGN  • DEVELOPMENT 

• RESEARCH  • PRODUCTION 

• TOOLING 

also for servo-mechanism and electronics 
designers and analysts, and for physi-
cists and mathematicians with aikaneed 
degrees. 

You can work in Seattle in the Pacific 
Northwest or, if you prefer, at Wichita 
in the Midwest. Boeing provides a gen-
erous moving and travel allowance, 

offers you special training, a salary that 
grows with you—and a future of almost 
limitless range. 
You'll be proud when you say, "I'm 

a Boeing engineer!" 

Write today to the address below, or use 

the convenient coupon 

JOHN C. SANDERS, Stall Engineer —Personnel 
Dept. -I-12 

Boeing Airplane Company, Seattle 14, Wash. 

Engineering opportunities at Boeing inter-
est me. Please send me further information. 

Name 

Address 

City and Slate 

Ard7 EFIV,Iff 
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Positions Open 

Communication Engineers 
ATTENTION! 

The world's largest independent supplier of Carrier equip-

ment offers permanent positions, good starting salaries, 

and unusual opportunity for progress. If you have had ex-
perience in any of the following fields, we can make you a 

very attractive offer: 

1. Carrier Transmission Engineering 

2. Carrier Equipment Installation and Maintainancc 

3. General Transmission Engineering 

Write giving full details of your background 

to Personnel Director 

1033 West Van Buren Street, Chicago 7, Illinois 

Pictured above it JAINCOMP-B, a 
revolutionary ultra high speed digital 
computer developed and built by The 
Jacobs Instrument Company. If you 
would like to work on the develop-
ment of such devices, or are interested 
in experimental or analytical work on 
c-w or pulse circuits, analog com-
puters, gyros, aircraft instruments, or in 
subminiaturixation techniques, write for 
our brochure outlining  professional 
opportunities. 

JACOBS 
INSTRUMENT CO. 
Bethesda, Maryland 

CAREERS 
IN 

RESEARCH 
The National Union Research Divi-

sion offers opportunities to men in-
terested in Permanent Positions with 
excellent future prospects. 

There are several openings on our 
research staff in the fields of Spe-
cialized Vacuum Tube Development 
and Electronic Circuit Design. 

ENGINEERS 
PHYSICISTS 
TECHNICIANS 

  Are invited to inquire re-
garding these positions. 

  Benefits include: 

• Free Hospitalization 
• Medical Surgical Plan 
• Free Life Insurance 
• Profit Sharing Plan 
• Paid Vacations 
• Paid Holidays 
• Merit Salary Reviews 
• Excellent Working Conditions 

NATIONAL 1UNION 
RESEARCH DIVISION 
350 Scotland Road Orange, N.J. 

(Continued from page 122/1) 

ELECTRONIC ENGINEER 
Electronic engineer, specializing in measure. 
ment and calibration. Ability to set up and 
direct all phases of electronic measurement 
and calibration required, involving supervision 
of several specialists. Advanced degree and 
6 to 8 years of applicable experience preferred. 
Salary  open,  commensurate  with  ability. 
Please mail complete resume of education and 
experience to Mr. Robert E. McQuiston, Dept. 
EPD•1, Radio Corporation of America, RCA 
Victor Div., Camden 2, New Jersey. 

ENGINEERS 
The manufactures of the UNIVAC—the first 

electronic, general•purpose digital  computer 
system to be sold commercially—have inter• 
csting and important positions with challeng• 
lug  futures.  Engineers and physicists are 
needed for work at all levels in many fields. 
Our rapidly expanding engineering and pro. 

duction programs have created many perma• 
nent positions paying excellent salaries. These 
positions offer outstanding opportunities for 
professional development. The possibilities for 
graduate study in this locale are excellent and 
the Company's plan for reinbursement of tui-
tion expenses is extremely liberal. Interviews 
arranged at our expense. Replies strictly con-
fidential.  Remington  Rand  Inc.  Eckert-
Mauchly Division, 2300 W. Allegheny Ave., 
Phila. 29, Pa. 

ELECTRONICS ENGINEER 
Group leader required to take charge of an 

electronics laboratory engaged in analytical 
instrument development. Design ability  in 
conventional circuitry as applied to ac. and 
d.c. amplifiers, power supplies, light detection 

(Continued on page 126A) 

SALES ENGINEER 
Outstanding opportunity in capital 
equipment sales—heavy industrial 
process measuring and control equip-

ment —for a graduate engineer with 

or more years of successful capital 

equipment sales exp.. and a thorough 

knowledge of sheet process manufac-

turing and equipment in the paper. 

rubber, or plastics industry. 

Our organization is the recognized 

leader in the development and manu-

facture of industrial uses of radio-

isotopes and our continued expan-

sion offers unparalleled opportunity 

for a sales engineer capable of work-

ing with top management. 

Interested applicants are requested 

to submit a complete resume of edu-

cation and experience to: 

INDUSTRIAL NUCLEONICS 

CORPORATION 

1205 Chesapeake Ave. 

Columbus 12, Ohio 
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when you come to RCA 
• • • are headed for a better future 

If you want to work where you enjoy the 
highest professional recognition among 
your colleagues, come to RCA. Here 
your accomplishments are recognized 
and rewarded. Here your future is bright-
er, through challenging assignments that 
lead to better opportunities, better posi-
tions. Here you set goals for future at-
tainment at advanced levels. 
If your talent and skill are not being 

used in a way for which your education 
and experience has equipped you, come 
to RCA. Here you will find unusual op-
portunities to work in close association 
with distinguished scientists and engi-
neers in research . . . development . . . 

design ... and application of specialized 
electronic equipment for military proj-
ects as well as for an ever-increasing line 
of diversified commercial products. 
Positions open are lifelong career op-

portunities. They are not "temporary" 
jobs. Unlike "feast or famine" industries, 

RCA has forged ahead regardless of war 
or depression. You can continue ad-
vanced study at recognized universities 
under RCA's modern tuition refund plan. 
You and your family enjoy outstanding 
Company benefits. Yes, your future is 

better at RCA. 

LIFETI ME OPPORTUNITIES FOR 

ENGINEERS —Electronic ... Flectrical ... Communication ... 

Mechanical ... Computer ... METALLURGISTS and PHYSICISTS 

In Research —Development —Design —Application: in the following fields: 

RADAR • MISSILE GUIDANCE • SERVO MECHANISMS • COMPUTERS • TRANSFORMERS AND 

COILS  • NAVIGATION AIDS  • TELEVISION  • ELECTRON TUBES  • COMMUNICATIONS 

TECHNICAL SALES • ELECTRONIC EQUIPMENT FIELD SERVICE 

Send a complete resume of 

your education and experience. 

Personal interviews 

arranged in your city. 

RA DIO CORPORATIO N of A MERICA 

Send résumé to: 

Mr. ROBERT E. McQUISTON, Manager 

Specialized Employment Division, 

Dept. 94L 

Radio Corporation of America 

30 Rockefeller Plaza, New York 20, N. Y. 
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Positions Open 

ELECTRONIC 
ENGINEERS 
& PHYSICISTS 

OUR STEADILY EXPANDING LABORATORY OPERATIONS 

ASSURE  PERMANENT  POSITIONS  AND  UNEXCELLED 

OPPORTUNITY FOR PROFESSIONAL GRO WTH IN 

RESEARCH & DEVELOPMENT 
GUIDED MISSILES 

RADAR 

ELECTRONIC NAVIGATION 

SOLID STATE PHYSICS 

VACUUM TUBES 

TELEVISION 

ADDRESS INQUIRIES TO: 

THE EMPLOYMENT DEPT. 

CAPEHART FARNSWORTH CORP. 
FORT WAYNE, IND. 

w*F.,„mmr, ro mfi.,..4 W.4V.. "0.017,NZA W.reR M W 

Electronic Designers 
For design and layout of UHF equip. 
unfit, Microwave components and sys-
tems. 

Radio Engineers 
Minimum 5 years' experience. For re-
search and development in radio and ra-
dar systems and components. 

Engineers 
Experienced in the design and develop-
ment of components for the magnetic de-
flection of Cathode Ray Tubes. 

What can Kollsman mean to you? 
OPPORTUNITY 

Hie progressive, growing Kollaman organization offers continntng op-
portunities in the design and development of America's finest aircraft 
Instruments. 

CONVENIENCE 
An easy-to-reach modern plant, located in a quiet, residential section 
,1 New York. 

SATISFACTION 
Hie finest facilities at your disposal ... friendly, cooperative co•workers 

•  . . many liberal benefits including completely paid life, hospitalization. 
surgical, accident and health insurance. 

Find Out For Yourself —Contact Kollsman Today! 

KOLLSMAN INSTRUMENT CORP. 
80-08 45th Avenue, Elmhurst, Long Island, N.Y. 

f:Me 

(Continued from page I24A) 

devices,  thyratron  circuits,  discriminators, 
magnetic circuitry and fractional horse-power 
motors desirable. 5 years experience or ad-
vanced degrees in ,lieu of part of this experi• 
ence required. Send resume with salary re. 
quirements to Personnel Mgr. Fisher Scien-
tific Co., 717 Forbes St., Pittsburgh 19, Pa. 

ENGINEER 

A national employee-owned electrical dis• 
tributing company offers permanent position 
to graduate electrical engineer for electronics 
sales work. Experience in broadcast, sound, 
radio communication, and industrial electronics 
desired, but not necessary. Opportunity for 
advancement; liberal employee benefits and 
security. Man 22 to 28 preferred. Send complete 
resume of training and experience, including 
salary desired to R. W. Griffiths, Graybar 
Electric Co., .21-15 Bridge Plaza North, Long 
Island City 1, N.Y. 

ELECTRONIC ENGINEERS, ELECTRICAL 
ENGINEERS & PHYSICISTS 

The Rome Air Development Center has posi-
tions in electronic research and development 
available at salaries from $3400.00 per annitm 
to $9600.00 per annum. Write: Professional & 
Scientific Requiter, Civilian Personnel Div. 
Griffiss Air Force Base, Rome New York. 

ENGINEER-TEACHING 
The University of Nebraska has one full-

time teaching position open now in the Elec: 
trical Engineering Dept. Salary range $3200 to 
$4600 depending upon education and experi• 
ence. One interested in electronics preferred. 
For details write to Prof. Ferris W. Norris, 
Chairman, Dept. of Electrical Engineering, 
University of Nebraska, Lincoln, Nebraska. 

ELECTRONIC 
ENG INEERS 

• 

We are looking for Electronic 

Engineers, with experience in 

the development of electronic 

digital computers, to work in 

the development of business 

machines. Plenty of opportu-

nities for advancement. 

Write, giving full details, in-

cluding education and experi-

ence. 

• 

THE NATIONAL 

CASH REGISTER COMPANY 
South Main and "K" Streets 

Dayton 9, Ohio 
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• 

To: Senior Servo Engineers 
Senior Electrical Engineers 

Yo u  a rc  ;  V' ;t ee, to join tAe 
Aircraft Engiticering team  and to 

contribute YOUR imaginal tttttt and cre-

ative talents to revolutionary invest-
;gat; tttt s and developments in the field 

of auto-navigation. 

E l abilits comman d a prem u 

im at 

xperience  aw   . Bell Aircraft Corporation. Cballeng:.itg. oppor-
tunities arc available NOW at responsible 

1. Engr'eers experienced in, autopilots, tyr o bdized 
levels for: 

systems, an d automatic control systems. 

2• instrument design.. engjneers esverienced in the 

cic,,ipp of recision mechanisms and srcial devices. 

ENOtNEERING  ERSONNEL OFFICE,   N 'f, P 

P 0 DOR 1  Stiff ALO 5  

• 

INERTIAL GUIDANCE SYSTEM DEVELOPMENT IS 
LONG-RANGE PROGRAM AT BELL AIRCRAFT 



* * 

MEMO: .to ertoatuwi Nt akr,  tki 

(vAk )1'04  

FROM:  GENERAL ELECTRIC 

SUBJECT: CAREER OPPORTUNITIES 

Those seeking long-range associxtion with 
a leading company . . . those who wish to have the 
finest facilities and equipment available . • . those 
who recognize the importance of working with 
leading scientists ... those who desire the challenge 
of diversified, pioneering projects and look for steady 
advancement . . will find that a General Electric 

career meets all these requirements. 
Positions are now open in Advanced 
Development. Design, Field Service, and 
Technical Writing i connection with: 

MILITARY RADIO & RADAR 
MOBILE COMMUNICATION 

MULTIPLEX MICRO WAVE 
COMMUNICATIONS 

ELECTRONIC COMPONENTS 
TELEVISION, TUBES & ANTENNAS 

Bachelor's or advanced degrees in Electrical or Mechanical Englimering, 
Physics, Metallurgy, or Physical Chemistry and/or experience in electronics 

industry necessary. 
Do not aptly, please. if your best skills 
are being used for vital defense work. 

Please send resume to: 

Dept. 12-2-P Technical Personnel 

ELECTRONICS PARK 

GENERAL 
ELECTRIC 

FLORIDA CALLS ELECTRONIC ENGINEERS 
Graduate engineers for R & D in microwave com-
ponents and receivers, SONAR, transistors, non-
linear circuitry and computers. 

Ideal sports, living and working conditions with 
excellent pay, unusual employee benefits and 
profit sharing. 

Write for application to: 

RADIATION, INC. 
M ELBOURNE, FLO R ID.% 

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. 
members 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 
lecline any announcement without assign-
ment of reason. 

SALES ENGINEER 
22 years in radio. Age 38. Hard worker, de-

sires  challenging  position. Experienced  in 
various phases of radio, including publications, 
commercial  operating,  sales,  mobile radio. 
microwave, carrier. Interested in position that 
will allow me to earn $10,000 per year or 
better. Will relocate for proper position. Mar. 
re-u, 1 child. Box 582 W. 

ELECTRONIC ENGINEER 
BEE, Jun,  • 1950, New Yolk University. 2 

years electronic design experience. Desires 
position as electronic sales representative in 
N, York area. Box 583 W. 

ntis,! ii  page 130,11 

SYSTEMS 

ENGINEERS 

For design and installation of radio 

communication systems of all types in 

HF, VHF and Microwave bands for 

use in foreign countries. 

Applicants should have experience in 

either radio propagation studies and 

antenna design or telephone and tele-

graph terminal equipment. 

These positions are not dependent on 

government contracts and employment 

would be in New York office with occa-

sional overseas surveys or job super-

vision. 

Write full details to 

Personnel Dept. 

Radio Corporation of America 

RCA International Div. 

30 Rockefeller Plaza 

New York 20. New York 
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_________ 
:ENGINEER! 

IS YOUR WORK 

STIMULATING? 

• 

ARE YOU CHALLENGED 
BY YOUR JOB? 

• 

ARE YOU RECEIVING 
PROFESSIONAL 
RECOGNITION? III 

SYLVANIA 
believes in building men 
The company, now in its 51st year, 
is expanding rapidly. Net sales this 
year exceed  1938 by 16 times. 
Additional high caliber men are 
needed with training and experi-
ence in all phases of electronics, 
physics and mechanics. 

Write us about yourself, if your 
experience and future plans fit into 
this picture. 

JOHN WELD 
Depart ment 1-

SYLVANIA ELECTRIC PRODUCTS INC. 
Radio and Television Division 

254 Paso Street 

Buffalo 7, New York 

_ 

POSITIONS OPEN 
Location 

Kansas City, Mo. 

Electronic & Mechanical 

Engineers 

ELECTRONIC ENGINEERS: Must have consid-

erable development experience in radio trans. 

misting and  receiving equipment. Ability to 

fill position of Senior Project Engineer • requi-

site. 

MECHANICAL ENGINEER: Must have develop• 

meat experience in mechanical design of elec• 

ironic or similar precise equipment. Practic•I 

and theoretical knowledge of materials, finishes, 

sheet metal, and machine shop design are basic 

requirements. Position is one of considerable 

responsibility. 

SALARY: Open 

These positions are permanent. 

Write stating educational and professional hie 

tory direct to: 

JAY V. WILCOX, President 

WILCOX  ELECTRIC  COMPANY,  INC. 

1400 chestnut St.. Kansas City I. Mo. 

Dependable communications since 1931 

Offers Challenging Opportunities in Guided Missile Programs 

NEW YORK 
**SERVOMECHANISMS 

ENGINEERS 
for research,  design,  development 
and test assignments on: 

• Servomechanisms 
Gyroscopes 
Computors 
Autopilots 

• Electronic Guidance Systems 
Antennas 
Radomes 
Wave Guides 
Telemetering 
Radar 

• Missile Systems 
Electrical 
Mechanical 

• Production Test Equipment 
Automatic Go-No Go types 

• Missile Test Equipment 
Systems testing 
Components testing 

**ELECTRONICS FLIGHT 
TEST ENGINEERS 

to install, test and operate electronic 
guidance  equipment  in  high  speed 
bombers. 

NEW MEXICO and 
CALIFORNIA 

**ELECTRONICS ENGINEERS 

**ROCKET ENGINEERS 

**ELECTRONICS 
TECHNICIANS 

for field testing of 

• Servomechanisms 

• Guidance Systems 
• Telemetering 
• Rocket Power Plants 

These are permanent positions which 
provide top pay, opportunities for ad-
vancement as well as numerous liberal 
benefits including special insurance and 
retirement plan. 

WRITE: Mgr., Engineering Personnel 

Bell Aircraft Corporation 

P.O. Box 1, Buffalo 5, New York 

NEE RS 
USE YOUR EXPERIENCE 
TO BUILD A SOUND 
FUTURE AT ° 

Choose your desired field of work  Project and prod-

uct engineering work exists for graduate engineers 

with design, development and product experience in : 

VACUU M TUBE TECHNIQUES  •  ANALOGUE CO MPUTERS  •  RADAR 
•  HYDRAULICS  •  CO MMUNICATION  EQUIPMENT  •  ELECTRONIC 

PACKAGING  •  PULSE TRANSFOR MERS  •  SERVO MECHANIS MS  • 

ELECTRONIC CIRCUITS  • AIRCRAFT CONTROLS  • INSTRU MENTATION 
•  PRINTED CIRCUITS  •  FRACTIONAL H.P. MOTORS  •  MAGNETIC 

AMPLIFIERS  •  RADIO  FREQUENCY  & MICRO WAVE  MEASURE MENT 

ALSO PUBLICATIONS ENGINEERS  Toe nwgirnitop„minogn urao pi so rot d 

ENJOY MANY ADVANTAGES 
• Interesting, diversified work plus • Association with top engineering 

men on unusual engineering problems • Cost of Living Adivstment 
•  Adequate Housing  •  Liberal Employee Benefits  • Top Rates 

• SUBMIT RESUME TO EMPLOYMENT OFFICE 

GYROSCOPE CO. 
DIVISION OF THE SPERRY CORP. GREAT NECK, L. I., N.Y. 
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Southern 
California 
Calling 

SENIOR 
ELECTRONIC 
SYSTEMS 
ENGINEERS: 

A better job, a better life, a better future can be 
yours in Southern California—at Lockheed Aircraft 
Corporation. 

On the job, you enjoy increased pay; fine, mod-
ern working conditions; association with top men 
in your profession—men who have helped build 
Lockheed's reputation for leadership. 
Off the job, you live in a climate beyond com-

pare — where outdoor living can be enjoyed the 
year around. 

In addition, Lockheed's production rate and 
backlog of orders—for commercial as well as mili-
tary aircraft—insures your future. 

REQUIREMENTS: 

1. An M.S. or Ph.D. in Electrical Engineering or 
Physics. 

2. A minimum of three years' experience in ad-
vanced electronic systems development, including 
radar microwave techniques, servo-mechanisms, 
computers and fire control. 

3. Familiarity with airborne electronics equipment 
requirements. 

NOTE TO ENGINEERS WITH FAMILIES: 

Housing conditions are excellent in the Los Angeles 
area. More than 50,000 rental units are available. 
Thousands of homes have been built since the 
war; huge tracts are under construction now. You 
will find the school system as good—from kinder-
garten to college. 

Send today for free, illustrated brochure describ-
ing life and work at Lockheed in Southern Califor-
nia. Use handy coupon below. 

M V Mattson, Employment Manaper, Pert  IRE-12 

LOCKHEED 
AIRCRAFT CORPORATION, Burbank, California 
Dear Sir: Please send me your brochure describing life 
and work at Lockheed. 

My name 

My occupation 

My adaress 

My city and state 

Positions Wanted  
(Continued from page 128:1) 

ELECTRONIC ENGINEER 
Age 37. Seeks position requiring initiative 

and broad experience. BSEE 1937. 4 years elec-
trical construction  and  maintenance,  steel 
mill; 5 years officer, Corps of Engineers; 6 
years electronic design and development, radii, 

and TV. Box 584 W. 

INDUSTRIAL ELECTRONIC ENGINEER 
BS, working toward MEE. Age 34. 5 years 

experience electronic control systems. 6 years 
electronics instructor, including top adminis-
trative work. New York or Los Angeles metro 
politan area. Box 585 W. 

ENGINEER 
BEE, electronics option, University of Day-

ton, Feb. 1951. Age 27, married. Desires de-
sign or development position in a field such as 
radar or communications. Interested in ad-
vanced degrees. Box 590 W. 

ELECTRONICS ENGINEER 
MS in mathematics, minor in communica-

tions-electronics. 5 years technical director TV 
Institute. 2 years instructor Pratt Institute. 
4 years experience radar and electronics. Age 
40. Will relocate. Box 591 W. 

ENGINEER 
SBEE., M.I.T., 1939. Varied development, 

design, and standards experience. Most re-
cently, product design for PA years. Familiar 
with Government specifications. Signal Corps 
Inspector Agency for 3 years. Desires responsi-
ble position in design and development. Box 
592 W. 

(Continued on page 1314) 

STAVID 
ENGINEERING, INC. 

has openings for 

GRADUATE 
ELECTRONIC and 
MECHANICAL 
ENGINEERS 

Experience in Design and Devel-
opment of Radar and Sonar neces-
sary. 

Broad knowledge of Search and Fire Control 
Systems; Servo Mechanisms, Special Weap-
ons, Microwave, Antennas and Antenna 
Mounts, etc. 

Mechanical Engineer should also have es• 
perience in packaging of Electrical Equip-
ment to Gov't specifications including de-
sign of complex cabinets, shock mounts and 
sway brace structures. 

FIELD ENGINEERS 

Qualified to instruct in the operation and 
supervise installation, maintenance and re-
pair of Radar, Sonar and allied electronic 
equipments in the Field. 

A chance to grow with a young and pro-
gressive company; salary and advancement 
commensurate with ability; liberal vaca-
tion, sick leave, 9 paid holidays, group life, 
sickness and accident insurance plans, and 
a worthwhile pension system. 

Personnel Office, 200 W. Seventh St. 
Plainfield, N.J.—Tel. Pl. 6-4806 

r - 
Aerophysicists, 
Designers, 
Engineers 

North American encourages advanced 
thinking, because they know looking 
ahead is the only way to maintain lead-
ership in the aviation industry. That's 
why North American needs men of 
vision. If you like hard thinking and 
would like to work for a company that 
will make the most of your ideas, you'll 
find real career opportunities at North 
American. North American offers you 
many extra benefits, too. 

North American Extras — 

Salaries commensurate with ability and 
experience • Paid vacations • A grow-
ing organization • Complete employee 
service program • Cost of living bo-
nuses • Six paid holidays a year • Fin-
est facilities and equipment • Group 
opportunities for advancement • Group 
insurance including family plan • Paid 
sick leave • Transportation and moving 
allowances • Educational refund pro-
gram • Low-cost group health (includ-
ing family). and accident and life insur-
ance • A company 24 years young. 

Write Today 
Please write us for complete informa-
tion on career opportunities at North 
American. Include a summary of your 
education, background and experience. 

Airborne Electronic Equipment 
Equipment Flight Tests 
Precision Instruments 
Automatic Controls 
Propulsion Systems 
Servo-Mechanisms 
Airframe Studies 
Radar Devices 
Instrumentation 
Micro Wave Techniques 
Metallurgical 
Electroplating 
Engineering Planning 

NORTH AMERICAN 
AVIATION, INC. 

Aeroplusics,Llectro-Afechanical Research 
Division 

Dept. 7, Personnel Section, 

12214 Lakewood Blvd., Downey, California 
North American Hat Built M ore Airplanes 
Than Any Other Company in The World 
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APPLICATIONS 
ENGINEERS 

Several men are needed to act 
as liaison between radio tube 
manufacturer and set manufac-
turers and or supervise related 
laboratory problems. A degree 
in electrical engineering, elec-
tronic engineering or physics is 
required. 

Salary commensurate with ex-
perience and ability. Applicants 
without experience will be con-
sidered. We offer many em-
ployee benefits and excellent 
working conditions. Please send 
resume or apply in person to: 

TUNG-SQL ELECTRIC INC. 
200 Bloomfield Ave. 

Bloomfield, N.J. 

• •••.• • 'N..  • •••••• •  • -•••• • "0, •  • ••••• ••••••••••••••••• ••••••• 
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Positions Wanted  
(Continued from page 130,1) 

TV BROADCAST ENGINEER 
Desires responsible position with new TV 

station. 5 years AM broadcasting, 2 years TV. 
Last 2 years, Technical Supervisor, 50,000 watt 
AFRS broadcast station overseas. Consider-
able construction experience. Box 593. W. 

ENGINEER—INSTRUCTOR 
BEE electronics major, 1950. Age 30. Married. 

Electrician experience, AAF radio instructor. 
Presently employed by Civil Service as Edu-
cational Consultant and Technical Advisor. 
GS-11. Prefer employment in industrial sales 
or technical teaching. Box 594 W. 

ENGINEER 
BSEE.,  1951,  power  and  communications 

majors. Age 24. Single. Desires position in 
design and development of electronic equip-
ment. 16 months Navy Electronic Technician. 
Eta Kappa Nu, Tau Beta Pi. Available No-
vember 1952. Box 595 W. 

JUNIOR ELECTRONIC ENGINEER 
Age 29. USN-ETM 1/c, completed 4 years, 

evenings at  New  York University toward 
BEE. Experience: 4 years TV, ll/2 years re-
search  assistant  in  electronics  for  metro-

politan university. Box 596 W. 

ENGINEER 
Senior  communications  engineer  (super-

visory) desires to locate in Canada. Thoroughly 
experienced hi-power international, relay, and 
medium wave broadcasting; aviation radar-
radio; teaching; administration and liaison. 
Degree  in  physics  (electronics-magna  cum 
laude). Phi Beta Kappa, Sigma Pi Sigma, IRE,-
AAPT,  ASA.  Speak  French,  Spanish  and 
English. Available December. Brochure on re-
quest. Box 597 W. 

(Continued on page 132A) 

le9aesm„, 

Mechanical Engineers — Electrical Engineers 

Servo Engineers —Aerodynamicists—Physicists — Mathematicians 

Do You Know the MELPAR Story? 
For complete information about the opportunities available 

for qualified engineers and scientists write to 

PERSONNEL DIRECTOR 

melpar, inc. 
The Research Laboratory of Westinghouse 

Air Brake Co. and its subsidiaries 
452 Swann Avenue, Alexandria, Virginia 

Here is 
North American's 

O'  Ch allenge To You  y 

Frankly, working at North American 
requires hard thinking and plenty of 
vision. Because North American always 
works in the future. Yet, if you are 
interested in advanced thinking, if you'd 
like to work on the planes that will 
make tomorrow's aviation history, you'll 
like working at North American. North 
American offers these extra benefits, too. 

North American Extras— 

Salaries commensurate with ability and 
experience • Paid vacations • A grow-
ing organization • Complete employee 
service program • Cost of living bo-
nuses • Six paid holidays a year • Fin-
est facilities and equipment • Excellent 
opportunities for advancement • Group 
insurance including family plan • Paid 
sick leave • Transportation and moving 
allowances • Educational refund pro-
gram • Low-cost group health (includ-
ing family) and accident and life insur-
ance • A company 24 years young. 

Write Today 
Please write us for complete informa-
tion on career opportunities at North 
American. Include a summary of your 
education, background and experience. 

CHECK THESE OPPORTUNITIES 

AT North American 

Aerodynamicists 

Stress Engineers 

Aircraft Designers and Draftsmen 

Specialists in all fields of 
aircraft engineering 

Recent engineering graduates 

Engineers with skills adaptable to 

aircraft engineering 

NORTH AMERICAN 
AVIATION, INC. 

Dept. 7, Engineering Personnel Office 

Lot Angeles International Airport 

Los Angeles 45, Calif.; Columbus 16, Ohio 

North American Has Built More Airplanes 
Than Any Other Company In The World 
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MAKE THIS YOUR HOME 
FOR IMPORTANT WORK 
UNDER IDEAL CONDITIONS 

• TV RECEIVER DESIGN ENGINEERS 

• ELECTRONICS ENGINEERS 
• FIELD ENGINEERS 

• TEST & INSPECTION ENGINEERS 

• LAB. TECHNICIANS 

NEEDED TO WORK ON: Radar, G.C.A., Mobile Radio, 
Auto Radio, Airborne Communication & Navigation 
Equipment, Television, Antennas, Microwave Equip-
ment, Servo Mechanisms, Guided Missiles and Test 
Equipment Design. 
YOU BENEFIT AT BENDIX RADIO: from high wages, 
a modern, air-conditioned plant, paid vacations and 
holidays, group insurance and a good chance for 
advancement. 
Housing immediately available in the beautiful suburban 
and country areas that surround the Bendix Radio plant. 

Write, Wire or phone 

MR. E. 0. COLE, DEPT. M 7il e n d bl 7i'a di o 

DIVISION OF BENDIX AVIATION CORPORATION 

BALTIMORE-4, MD. Phone: TO WSON 2200 

./Kideo.c/Wie Jan a; €41 
Cle4:Itenic Cfaijsenedit 

DIGITAL COMPUTER ENGINEERS 
ELECTRICAL ENGINEERS and PHYSICISTS 

needed for circuit design and development. Engineers and 
Physicists Is I to  yearn experience in pulse circuits, 
pulse handling tee!  pies, and systems development. 
Openings also for recent graduates. 

• Replies strictly  • Interviews arranged 
confidential  at our expense 

51,4teetior ee214 W idilar.,€42 //Ye. 
A  IJ, 1 of Ar..rtsinqAs, 

Leaders in tho Development of Digital Computers 

1902 W. MInnehaha, St. Paul 4, Minn.  •  "You Will Enjoy Living in Minnesota" 

CML 
Senior and junior Electronic Engineers, Physicists, and Physical Chemists 
are needed to work on a long-range reseach and development program for 
the Air Force. Both basic and applied work are conducted in the fields of Solid 
State Physics, Infrared, Computers, Servos, Electronic Components, and Sys-
tems. 

Complete modern laboratory and shop facilities have been made available 
through the University of Chicago and many interesting problems are currently 
in progress. This is a new and expanding program with continuing positions 
and excellent opportunity for advancement. 

We offer salaries generally prevailing in industry, as well as liberal vacations 
and other benefits. Applicants must be U. S. citizens. 
For information write or call: 

Director of Scientific Personnel 

Chicago Midway Laboratories 
6040 South Greenwood Avenue, Chicago 37, Illinois 

BUtterfleld 8-6611 

Positions Wanted 
Ir. ft,  1.1.4) 

ENGINEER 
litiF.E. electronics 1949. 2 years electronic dc. 

sign and development. I year development 
microwave coniponents. Presently project en-
Xineer on  radar plumbing systems. Desire 
sales or application engineering in New York 

Con necticut or Massachusetts. Age 27. 
Mai 111-11. BOX 5911 V1'. 

ELECTRONIC ENGINEER 
BEE., MS., age 20. 2 )ears Navy electronic 

Technician; 3 years college teaching; 3,/, years 
circuit design experience. Seeks position with 
supervisory and/or customer relat .  responsi• 
bilities. Box 599 VV. 

ENGINEER 
B S E E.,  12011111111111CiIi1011%  Itpi 10n,  Iowa State 

College. Age 27, married, 2 children. 10 months 
experience research testing of servo-amplifiers, 
computers. 1 year experience as ground radar 
officer, USAF. Desires research and develop. 
merit position. Box 601 W. 

ENGINEER —PRACTICAL SALES 
Outstanding  electronic,  mechanical  skills 

knowledge. 4 years supervisory military com. 
munications. 6 years shop and theory instruc 
tor AM, FM, TV communications.  Marine 
radio, motors and generators, pulse circuitry, 
visual aids. 2 years broadcast engineer. 3 years 

sales engineer.  Former trades editor. FC(7 
licensed, 1st phone, 2nd telegraph, amateur. 
NV2JZB (mobile) Single. Age 29. Prefer sale,. 
engineering. Box 602 W. 

ENGINEER 
BE. communications, 1949. MSEE. upon coin, 

pletion of thesis. Tau Beta Pi. Currently em-
ployed in TV research and development at 

I(,mtinned on tag" 135.4) 

ELECTR ON IC 
EN GI NEERS 

505 5111 051 AND DEVEL OP MENT VT 0115  IN 

RADAR 

CO MPUTERS 

TELE METERING 

DATA REDUCTION 

SERVO MECHANISMS 

DIGITAL TECHNIQUES 

A CHANCE TO GROW WITH A YOUNG PRO-
GRESSIVE COMPANY, SALARIES AND 

ADVANCEMENT COMMENSURATE WITH 
ABILITY, LIBERAL VACATIONS, SICK 

LEAVE, EIGHT PAID HOLIDAYS, GROUP 

INSURANCE, EDUCATIONAL ASSISTANCE 

PROGRAM, EXCELLENT WORKING CON-

DMONS  SEND RESUME OF EXPERIENCE 

AND EDUCATION WITH SALARY REQUIRE-
MENTS AND AVAILABILITY DATE TO: 

(......... /Elec tronic Ensineerins  Company 

III  SOUTH  ALVARADO  511111 

LOS All6 MS•4•LALIFOINIA 
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ENGINEERS 
Electronic 

RADAR 
SERVO 
COMPUTER 

Make Your Move 
In The 

Right Direction 

POSITIONS 
THAT POINT TO 

A SUCCESSFUL 
FUTURE! 

Heavy experience in system analysis, 

circuit and component design. En-

gineering leadership and manage-

ment ability desirable. 

TOP SALARIES 

ll your Adis are now being fully utilized in a 
vital delense industry. please do not apply. 

Kindly send resume and salary 
requirements to: 

Th• W. L. MAXSON 
CORPORATION 
460 W. 34th ST. 
NE W YORK 1, N.Y. 

ENGINEERS 
FOR ATOMIC 

WEAPONS INSTALLATION 

Mechanical Engineers, Electronics and Electrical 
Engineers, Physicists, Aerodynamicists, and Mathe-
maticians. A variety of positions in research and 
development open for men with Bachelors or 
advanced degrees with or without applicable 
experience. 

These  are  permanent  positions  with  Sandia 
Corporation, a subsidiary of the Western Electric 
Company, which operates the Laboratory under 
contract with the Atomic Energy Commission. The 
Laboratory offers excellent working conditions and 
liberal employee benefits, including paid vaca-
tions, sickness benefits, group life insurance and 
a contributory retirement plan. 

....... 

Albuquerque, center of a metropolitan area of 
150,000, is located in the Rio Grande Valley, one 
mile above sea level.  Albuquerque lies at the 
foot of the Sandia  Mountains which  rise to 
11,000 feet. Cosmopolitan shopping centers, scenic 
beauty, historic interest, year 'round sports, and 
sunny, mild, dry climate make Albuquerque an 
ideal  home.  New  residents  experience  little 
difficulty in obtaining adequate housing in the 
Albuquerque area. 

THIS IS NOT A 

CIVIL SERVICE APPOINTMENT 

Make Application to the 

PROFESSIONAL EMPLOYMENT DIVISION 

SANDIA BASE 
ALBUQUERQUE, N. M. 

PROCEEDING'. (ii'  IIE I.R.E.  December, 19.52 I t.1,k 



WE WANT TWO MORE 
SENIOR ELECTRONIC ENGINEERS 
Here are two unique opportunities for experienced, progressive 

electronic engineers. 

The Position 

The Firm 

Supervision of projects in the development of 

electronic test and measuring equipment. 

The New London Instrument Company is a 

growing concern. Engineer-owned and engi-

neering-minded, we stress and reward techni-

cal ability. We want men who can be left 

alone and do a good job. 

The Salary  Open—AND LARGE. 

Write to New London Instrument Company, P.O. Box 189, New 

London, Connecticut 

Inquiries will be handled in confidence. 

New London ar rument 
Hue 1.014001.1, CONNICTiCUT 

EXPERIENCED 

RADAR AND CO MPUTER 
ENGINEERS 

in one or more of the following fields: 

• General radar and 
computing systems 

• Servomechanisms 

• Radar transmitter-
modulators 

• Indicator systems 

• Wide band I F 
amplifiers and 
receivers 

• General pulse circuits 

• Generalized  • Electro-mechanical 
systems analysis  design 

UNUSUAL OPPORTUNITIES IN 
LONG-TERM DEVELOPMENT OF 
RADAR AND RELATED EQUIPMENT 

SINCE 1912 A LEADER IN RESEARCH 
DEVELOPMENT AND PRODUCTION 

Gilfillan Bros. 
1815 Venice Blvd., Los Angeles 6, California 

BROCHURE ON REQUEST 

I--
I DESIGN STAFF 
ENGINEER 
Transmission 
BROAD experience in precision 
automotive  transmission  design, 
including extensive background in 
manufacturing operations.  Heli-
copter or aircraft experience de-
sired. Responsible for transmis-
sion design at staff level; and, to 
coordinate design problems with 
vendor manufacturers. A degree in 
mechanical  engineering  is pre-
ferred. However, equivalent ex-
perience will be accepted. 

DESIGN STAFF 
ENGINEER 
Electrical 
BROAD  experience  in aircraft 
electrical systems. Aircraft experi-
ence required. Experience in elec-
tronic systems including auto-pilot 
and radio desirable. Administra-
tive ability and experience which 
will enable the individual to direct 
activities of a small design staff, 
coordinating  all  electrical  and 
electronic activities within a large 
aircraft engineering department. 
Degree in electrical engineering 
preferred. However, equivalent ex-
perience will be accepted. 

INDUSTRIAL 
ENGINEERS 
INDUSTRIAL or mechanical en-
gineering degree or equivalent, 
plus experience in analyzing manu-
facturing  problems  related  to 
methods (direct and/or indirect), 
plant layout processing, tooling 
and cost reduction. 

HELICOPTER TEST 
PILOTS 
With not less than 250 Hours of 
Helicopter Time.  - 

A-I-s-o 

DRAFTSMEN 
With two to five years experience, 
preferably in aircraft. 

Send complete resume, in-
cluding salary requirements 
to EMPLOYMENT MANAGER 

PIASECKI 
Helicopter Corp. 

Dept. "E" 
LMorton, Pa., A Phila. Suburb 
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Positions Wanted 
(Continued from page 132A) 

project engineer level. 4 years military radar-
radio maintenance. 10 years experience design-
ing and building amateur communications, re-
ceivers and transmitters. Desires employment 
in development or design of electronic or 
communications equipment. Box 605 W. 

ENGINEER 

Soon  at  liberty.  CAA  engineer  in  full 
charge of airway aids. Considerable experience 
in field work and handling men. Ex-AAF 
radar officer, Harvard-M.I.T. Radar School, ex 
radar instructor. Young adaptable, not afraid 
of hard work. Degree in mathematics and 10 
years experience in electronics and radar. 
Salary requirements modest for interesting 
and challenging work. Box 616 W. 

ENGINEER 

BEE. 1951. Ex-Navy ETM (Naval Research 
I.ab.) 1 year design and development work 
in  radio  interference  suppression.  Age 24, 
married. Desires non-military work with a 
future in New York metropolitan area. Box 617 
W. 

ENGINEER 
Electronics engineer, 5 years post-war de-

sign, production and administrative experi-
ence. U. S. citizen, Navy veteran. Knowledge 
of several foreign languages. Interested in a 

position in a large city in western Europe. 
Box 618 W. 

ELECTRONIC ENGINEER 

USAF Guided Missile Officer. Age 25, mar-
ried.  BSEE.,  communications  option  with 
honors. BS in commerce. Graduate of USAF 
Airborne  Electronics, Guided Missile Guid-

(Continued on page 136A) 

is offered for intelligent, imagi-
native engineers and scientists to 
join the staff of a progressive 
and  self-sustaining,  university. 
affiliated research and develop-
ment laboratory. We are desirous 
of  expanding  our  permanent 
staff in such fields as electronic 
instrumentation, missile guidance, 
microwave applications, design 
of special-purpose electronic com-
puters, and in various other ap-
plied research fields of electron-
ics and physics. 

Salary structure and bene-
fit programs ore on a par 
with industry. In addition, 
there are many tangible 
advantages, such as our 
self-sponsored internal re-
search policy, of interest 
to men with ingenuity and 
initiative. 

CORNELL AERONAUTICAL 
LABORATORY, INC. 
BUFF AL O  21, NE W  YOR K 

SPECIAL OPPORTUNITIES FOR 

SENIOR ENGINEERS 
Convoir in beautiful, sunshiny Son Diego in-
vites you to join an "engineers" engineering 
department. Interesting, challenging, essential 
long-range projects in commercial aircraft, mili-
tary aircraft, missiles, engineering research and 
electronics development. Positions open in these 
specialized fields: 

Electrical Design  Servo-mechanisms 
Mechanical Design  Aerodynamics 
Structural Design  Thermodynamics 
Structures  Operation Analysis 
Weights  System Analysis 

Generous travel allowances to those accepted. 
For free brochure, write Mr. H. T. Brooks, 
Engineering Dept. 800 

CONVAIR 
IN BEAUTIFUL 

SAN DIEGO 
3302 PACIFIC HIWAY 
SAN DIEGO 12, CALIFORNIA 

PROCEEDINGS OF THE I.R.E. 1,, rnbrr, 
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Model 705 WOBBULATOR 
... for RF, IF, and Video Amplifier 

alignment and measurement 

• Center Frequency of Swept Band-2.0 mc to 500 mc. 

• Swept Bandwidth—up to 100 mc wide. 

• Output-0.1 volt at 50 ohms, with calibrated continuously variable 90 db 
output attenuator to allow rapid, accurate gain measurement. 

• Internal five inch CRT display of response of circuit under test; 0.05 my. 
or more input to the high or low impedance probes from the circuit under 
test will give an adequate pattern. 

5955 Siopulveda Blvd„ Van Nuys, Calif., Box 361 

( 5h,„ is  yi 0„,  , 
BODNAR INDUSTRIES, Inc. 

leads in the field of 

TRANSILLUMINATED PLASTIC LIGHTING PLATES 
BECAUSE OF Quality  •  Uniformity  •  Performance 

Design & Layout -Know-How Service" 
Quantity Production Promptly 

NE W YORK —19 Railroad Ave., New Rochelle IHome OfRcel 
TEXAS  —Jefferson Tower Building, Dallas 

CALIFORNIA -1 1056 Cumpston St., N. Hollywood 
CANADA  — 313 Montreal Trust Bldg., 67 Yonge St., Toronto 

SPECIMEN PANEL (MIL•P-7788) SENT ON LETTERHEAD REQUEST 

. . . this new AMPERE% plant is in full production in the manufac-
ture of Transmitting Tubes • Special Purpose Tubes • Industrial 

Tubes • Electro-Medical Tubes • X-Roy Tubes • Ultra High Frequency 

Tubes • Fixed Vacuum Condensers • Hydrogen-Thyratrons • Mag-
netrons • Geiger-Muller (Radiation) Counter Tubes 

AMPEREX ELECTRONIC CORP., HICKSVILLE, LONG ISLAND, N.Y. 

Positions Wanted  
(( 'ontInned from page 1iS,4) 

ance, and Control schools. Guided missile and 
radar field experience. 1 year industrial ex• 
perience. Interested in production, administra-
tion and development. Available March 1953. 
Box 619 W. 

ENGINEER 
Age 27. B.S. in physics 1951. Graduate stu-

dent in psychology at University of Maryland. 
Wartime Navy Radio Technician. Scattered 
experience since 1942 in AM and TV broad-
casting, teaching, defense work in circuit de• 
velopment and engineering psychology. Ama-
teur W3KNP. Interested in audio-visual arts. 
Box 620 W. 

ENGINEER 
BS. Industrial Arts. 10 years teaching and 

administration in radio and allied arts, 2 
years Air Force radio. Age 30, married, 1 child. 
Willing to locate anywhere. Available within 
30 days. Box 621 W. 

ELECTRONIC ENGINEER 
Navy electronics officer to be released in 

Feb. 1953 desires position in management or 
sales. Age 25, single. BSEE. Radiotelephone 
1st class license; 3 years practical electronics 
experience. Will relocate. Box 622 W. 

ELECTRONIC ENGINEER 
Electronic engineer graduate Queen's Uni• 

versity post graduate work McGill University 
Canadian Civil Servant with 12 years experi• 
ence in systems engineering, project engineer-
ing, radar and pulse technique and fully con• 
versant  with  implementation  of  Canadian 
Government defense contracts, desires suitable 
position in industry. Available 2 or 3 months 
after submitting resignation. Box 623 W. 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(I mhnued from page 120.4) 

New Firm 
II,igo \Noerdemann and Associates 

ha% e announced the formation of the 
Magnetic Research Corp., 318 Kansas St., 
El Segundo, Calif. 
The organization is devoted to research, 

development and production of magnetic 
devices, including the following: magnetic 
amplifiers, magnetic Oiltage regulators, 
magnetic  frequency  regulators,  ferro-
resonant circuits, magnetic pulse genera-
tors, magnetic frequency changers, low 
level signal converters. 
Associated with Woerdemann are W. F. 

Delioice and K. L. Sanders, both magnetic 
amplifier specialists. 
Woerdemann and his associates have 

recently applied for over 15 patents on 
magnetic amplifiers and saturable core 
devices. These patents include a basic 
magnetic-amplifier circuit  having one 
cycle time delay for phase reversible ac 
output, another with polarity reversible 
dc output, which is up to 50 per cent 
efficient. Other patents pertain to mag-
netic  amplifier controlled  alternators, 
magnetic voltage references and high 
powered magnetic radar modulators. 

(Continued on page 137.4) 
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News—New Products 
These manufacturers have Invited PROCEEDINGS 
readers to write for literature and further techn.cal 
information. Please mention your I.R.E. affiliation. 

(Cr  fr,rn rqqr 1,6A) 

Slip Ring 
The Electro Tec Corp., South Hacken-

sack, N. J., manufacturers of miniature 
slip ring and commutator assemblies, has 
developed an extremely short slip ring a•--
sembly providing 46 independent circuits 

Shaft dimensions of the assembly are 
held to highest accuracy to allow for direct 
bearing mounting. 
Individual rings are 0.023 inches wide 

and barriers between rings 0.020 inches in 
width. Each ring is located within 0.002 
inches of its nominal dimension over the 
1.935 inches of active length. Gold finish 
is provided to maintain a constant low 
voltage drop between the wire brushes and 
the rings. 

Audio Isolation Amplifier 

Fhte-tronics, Inc., 3303 Burton Ave., 
Burbank, Calif., has a new light weight 
7-channel audio-isolation system amplifier 
in full production. General features include 
use of one type of amplifier in any size 
aircraft and isolated input circuits to 
eliminate any need for matching to various 
makes of receivers. Provision is made for 
reception of single or mixed simultaneous 
voice, marker, range, or other audio signals 
on either one or more loud speakers or 
earphones. The CA-I operates with equal 
efficiency in system with either high or 
low power dynamotor supply. It is recom-
mended for use with high power dyna-
motor for high noise-level cockpits and 
can be used with low-power dynamotor 
supply in low noise-level instances. 
Audio  output  maintains  balanced 

volume regardless of number of channels 
put in use. The CA-I audio amplifier has 
the same case dimensions, shock mounting 
and basic appearance of the Flite-Tronics 
MB-3 Marker Beacon Receiver and is de-
signed as matched equipment to the M B-3. 
Complete cockpit isolation between pilot 
and co-pilot is accomplished by using two 
CA-1 amplifiers. 

(Continued on page MA)  IL L35 LANDSDO WNE ST. 

%OA 

COMBINES 0E111 DESIIIABVE 
EIX1:1  • E  LITE 422) 

lf0   

CIIEMICA1.1  EVECIRICAI. 

P111)E1111 IN ONE 

0  INSUVAIION 

OR U.  f. 

REXOLITE 1422 
• Meets TAN-P-77 and MIL-P-77A specifications. 
• Specifically designed to meet the growing need for a Ti. H. F. insulating 
material thats low in cost. 

• Withstands high temperc,ture due to its thermosetting nature. 

• Has outstanding electrical properties. 

• Has low specific gravity — is strong and rigid with unusually high 
compressive and tensile strengths. 

• Has excellent impact strength and hardness allowing its use under 
highly abusive conditions. 

• Its dimensional stability and unusual chemical inertness allow its use 
where other materials fail. 

• Readily machinable to extremely close tolerances. 

• Available as centerless ground rods in any diameter up to I-. Also 
cast in larger diameter rods and sheets. 

• Write today for technical bulletins and samples. Our engineering staff 
is always at your disposal. 

Manufacturers of Mon•strip wire, High Temperature Electrical Tubing and other extruded plastic products 

THE REX CORPORATION 
CA MBRIDGE, MASS. 
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,n°4 ELECTRICAL 
7 RESOLVERS 

• inteichangeability 

• temperature compensation  60 F to +160 °F 
• highest accuracy 

• adaptability to special circuit uses 
• 400 cycle frequency 

Now you can get the same Ford Electrical Resolvers, precision-
built to the highest degree of operating efficiency for our own 

quality computers and automatic control equipment... to meet 
your extra special requirements! 

FREE — fully illustrated brochure gives more details, describes 
Ford Instrument resolver systems. W RITE FOR YOUR COPY TODAY! 
Address Dept. IRE-1. 

FORD INSTRUMENT COMPANY taro 
DI VISI O N  OF  THE  SPERRY  CORP ORATI O N 

31-10 Thomson Avenue, Long Island City 1, N. Y. 

Come Again 
to the 1953 IRE 

Radio Engineering Show 
March 23-26, New York 

FS MICROMETER HEAD 
IO2  tAe Zleettonici gnatguitty 

LARGE, LEGIBLE, EASY TO READ CALIBRATIONS, PLUS A THIMBLE STOP TO PREVENT 

THREAD JAMMING, ARE FEATURES FOUND IN TS MICROMETER HEADS WHICH HELP 

ENGINEERS SPEED UP THEIR WORK THESE AND MANY OTHER FEATURES ARE DESCRIBED 

IN THE NEW BULLETIN ON FS MICROMETER HEADS, OBTAINABLE ON REQUEST. 

FREQUENCY STANDARDS 
P 0 BOX 66, EATONTOWN, N J. • TELEPHONE ASBURY PARK 1-1018 

3 

News—New Products 
Their manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliabon  

(Continued from page 1374) 

Carrier Telephone System 
Up to 24 broad-band voice channels 

can be transmitted over a wide-band radio 
channel with a new Type 33C carrier 
telephone system manufactured by Len-
kurt Electric Co., 1129 County Rd., San-
Carlos, Calif. 
Designed specifi-

cally for application 
to radio links, this 
frequency  division 
multiplex system is 
comprised of three 
eight-channel groups. 
A single group or less 
can be installed initi-
ally and expanded to 
the maximum capac-
ity in the future as 
traffic increases. 
A full 24 channel 

Type 33C system can 
be used with any 
radio system which 
has adequate power 
levels and is capable 
of transmitting sig-
nals up to 135 kc. 
Less than 24 channels 
can be used with 
radio systems which 
have less usable bandwidth. The frequency 
division, single sideband method of opera-
tion lends itself readily to dropping or in-
serting channels at intermediate repeater 
points on the radio system. 
Two frequency allocations are avail-

able; one uses frequencies up to 135 kc, 
and the other uses frequencies up to 150 
kc. Each channel includes a broad speech 
band of approximately 300 to 3,400 cps 
with provision for out-of-band signaling at 
3.9 kc. 
. With the exception of a group position-
ing panel, each eight-channel group uses 
identical channel equipment. Unitized 
construction is used throughout to con-
serve space and simplify production 
These and other features provide a 

high quality carrier system at a lower cost 
than otherwise possible... 
Complete information about the new 

type 33C telephone carrier system can be 
obtained from the Lenkurt Electric Com-
pany. 

Rectifier Unit 
A new type of high-performance ac-to-dc 

regulated rectifier has been announced by 
Inet, Inc., 8655 S. Main St., Los Angeles 3, 
Calif. Named the "MagniVolt," it com-
bines ruggedness and close regulation of 
low voltage in a highly dependable, low 
cost unit. 
Regulation by the "MagniVolt" is bet-

ter than 1 per cent from no load to full 
load with ± 10 per cent ac line variation. 
Response is faster than 0.2 second even 
under extreme contrast of load conditions. 
R MS ripple is less than 1 per cent. 

(Continued on page 1404) 
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... for applications re-
quiring low electrical 
noise, low and constant 
contact drop, high cur-
rent density and mini-
mum wear. 

EXTENSIVELY USED IN 

SELSYNS 
ROTATING THERMOCOUPLE and 

STRAIN-GAGE CIRCUITS 
ROTATING JOINTS 
GUN-FIRE CONTROLS 
DYNAMOTORS etc. 

Wide range of grades available for standard 
and special applications. 
Brush holders and coin silver slip rings avail-
able for use with Silver Grapholloy Brushes. 

Oil-free self-lubricating 
Bushings and Bearings, Oil-
fro* Piston Rings, Seal Rings, 
Thrust and Friction Washers, 
Pump Vanes. 

Write us for Data Sheets and further information 
Outline your proldem and we will apply our years 
of accumulated experience toward its solution. 

OTHER GRAPHALLOY PRODUCTS: 

GRAPHITE METALLIZING 
CORPORATION 

1001 NEPPERHAN AVENUE • YONKERS N Y 

NEWLY REDESIGNED FOR 21" and 27" TUBES 

AT NO PRICE INCREASE. Also perfectly focuses 

all smaller tubes. Highly efficient ring magnet uses only 

4-oz. Alnico P. M. 

NO HARMFUL EXTERNAL FIELD. Ring magnet is 
completely enclosed by the external shunt (an original 
lleppner design). This prevents the leakage field from 
having any magnetic effect on other components. 
Uniform field produced by ring magnet. 

FLEXIBLE NYLON ADJUSTING SHAFT ELIMINATES BREAKAGE. 

Picture-positioning lever. 

YOU specify mounting arrangement. 

Write today for information 

on lowering your set costs with this Focomag. 

HEPPNER 
M A N U F A C T U RI N G  C O M P A N Y 

Round L•1(•. Illinois (50 Miles Northwest of Chicago) 

Phon•: 8-2151 

SPECIALIST S IN LLECTRCI.MAGNETIC DEVICES 

John J. Ronnie 
CO E 42nd S1, New York 17, N.Y. 

James C. Mugglesvonh 
506 Richey Ave , W, CollInoewood, N. J. 

Ralph Motley 
5417 Kenwood Ave, Ft. Wayne 3, Indiana 

Sr,. M. Cochrane Co. 
408 So Alvarado St.. Los Angeles. Calif 

PROCEEDINGS OF THE I.R.E. December, 1952 139A 



high-precision thermistors 
by BENDIX-FRIEZ 

As temperature measuring element , and 
liquid  level  sensors,  these  temperature 
responsi% e resistors are the best you can buy. 
In stanilard or special types, their high-pre-
cision manufacture makes them precisely 
right for your job whetrit comes to resistance 
values, size, temperature coefficient, mount-
ings and quality. Ask us about zipplications. 

STANDARD TYPES FOR IMMEDIATE DELIVERY 

Size (inches)  0) +30°C.  (« 0°C.  (i —30°C. 

.140 x .75  45.0 ohms  86 ohms  194 ohms 

.040 x 1.5  12,250 ohms  26,200 ohms  65,340 ohms 

.018 x 1.5  35,000 ohms  82,290 ohms  229,600 ohms 

IT rite for details. 

FRIEZ INSTRU MENT DIVISION of . . 
1490 Taylor Avenue, BALTIMORE 4, MARYLAND 

Export Soles: Bendix International Division 

72 Fifth A  , New York 11, N. Y. 

Used in this typical application 

for sensing the temperature of 

hydraulic oil. 

• •  — z enoz 
AVIATION  CORPORATION 

• 10 cycles to 1 00 kc repetition rate 

• .2 ps to 1,000 I's pulse widths at 

100 ohms impedance-100 volts open 

circuit • 0 to 10,000 /,s delays 

• 6 output pulses for synchronizing 

at various intervals during single 

repetition period 

Write for complete data: our bulletin I-B-2 

k lit t ke71; 61) ELECTRONICS CO. 3707 S. ROBERTSON BLVD. 
CULVER CITY, CALIFORNIA 

EA 
REDUCES 
COMPONENT 
LIFE 

PERMANENT, TROUBLE-FREE 

EASY TO INSTALL 

FINE FOR POTTED UNITS 

STOCK UNITS 6,9 &I2 INCHES 

Mei DIA. 10 WATTS 

' ' DIA. 20 WATTS 
413.01A. 50 WATTS 

SAMPLE  $ 5 - CIRCULAR FREE 

'CONDOR 
2705 S. KRAMER 

RE MOVE 
11E A T 

RADIO MFG. CO. 

TUCSON, ARIZ. 

W/771,4 

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 rage 13g/1) 

The "MagniVolt" is designed to oper-
ate on 115 volt, single phase, 60 cps cur-
rent. It is built in standard models ranging 
from 1.2 volts to 28.0 volts, and from 2.5 
amperes to 30.0 amperes. 
The firm claims that the equipment's 

ruggedness is achieved through a magnetic 
amplifier which contains no moving parts 
or vacuum tubes. 
In addition to resistance to shock and 

wear, the "MagniVolt" is also insensitive 
to frequency and temperature changes. 
Because of its compact design, it is ex-
pected to be used in a wide variety of ap-
plications where space and weight are at a 
premium. The unit is designed for rack 
mounting with standard cabinets specified 
as an extra. 

Oscillograph Tube 

Radio Corp. of America, Tube Dept., 
Harrison, N. J., has a new, 7-inch, cathode-
ray tube (7VP1) utilizing electrostatic 
focus and electrostatic deflection. 

Although having the same appearance 
as the older type 7JP1 which it supersedes, 
the 7VP1 gives superior resolution of a line 
trace compared with the 7J-types which 
were designed for high brightness in a 
television raster. As a result of the 7VP1 
gun design, the spot can be more sharply 
focused and its intensity is adequate for 
a bright oscillograph trace. 
Having the same shape, dimensions, 

basing, and deflection factors as the 7JP1, 
the 7VP1 can be used id̀place of the 7J PI 
to give superior performance in all oscillo-
scope equipment having a high-voltage 
supply up to 4,000 volts. 

Recorder Booklet 
A new booklet that explains the advan-

tages of using Sanborn equipment for the 
study and recording of a wide variety of 
electrical and mechanical phenomena has 
just been released. It contains sixteen 
pages of illustrations and pertinent text 
that describes Sanborn Direct Recording 
Equipment for industrial users. Entitled, 
"7 Advantages of Sanborn Direct-Writing 
Recorders for Industrial Users," it may be 
obtained without obligation by writing to 
Sanborn Co., 38 Osborne St., Cambridge, 
Nlass. 

(Continued on rage 1424) 
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6'• 

Specialists in the measure-
ment of small currents 
and electrostatic voltages. 

An electrometer tube is a special 
purpose vacuum tube designed to 
present a minimum load to the signal 
voltage or current applied to the in-
put. It has extremely small grid 
currents, high inter-electrode resist-
ance and stable D.C. characteristics. 
Originally developed for laboratory 

use, the electrometer tube has come 
of age with the development of atomic 
energy. It now finds many new appli-
cations in other fields, e.g., electro-
static voltmeters, computors, pho-
tometers, p.h. meters, etc. 

6=1 
Electrometer Pentode—For use with 
high gain amplifiers having feedback 
to degenerate the input signal. When 
triode connected, it is interchange-
able with jhe 5803 for many appli-
cations. lc = 2 x  

Electrometer Tetrode—The ultimate 
in low grid currents. Ot is the control 
element. G, is an accelerator grid 
which may also serve as the plate in 
the  inverted  triode  connection. 
lc = 3 x I0-". 

61103 
Electrometer Triode—For single tube 
circuits it is a compromise to produce 
higher transconductance at the ex-
pense of slightly higher grid currents. 
It is also used as an inverted trianode. 
lc = 5 x I0-". 

671If 
Electrometer Diode—Used as a clip-
per wherever high insulation is im-
portant. As an electrometer, it re-
quires a high gain feedback amplifier 
circuit. R = 10" Ohms. 

VX-10 
Electrometer Switch—For switching 
in high impedance circuits or remote 
locations. R = 10" Ohms. 

HI-MEG 

Resistors—"Calibrated Insulators" 
for  electrometer  input  circuits. 
R — 10, to 10" Ohms. 

BETTER COmPONE 
MAKE 

BETTER INSTRute M 

COMPONENTS DO WN 

• 

CANNON 
PLUGS 

KH 

RKH 

HERMETIC SEALED Type RKH Plugs and 
KM Receptacles mate with their corre-
sponding Cannon RK and K standard 
fittings. The basic construction of fused 
vitreous insulation around the contacts 
is same as GS type. Shell materials and 
finish are likewise similar. Various 
types of flange or hex-bulkhead styles 
may be made to order. 
Refer to KH-1 Section in K Bulletin. 

SUB-MINIATURE receptacles of the new 
Cannon "U" Series are used on minia-
ture switches, relays, transformers, 
amplifiers, and other sealed compo-
nents, requiring a true hermetic seal or 
a connector of sub-miniature size with 
performance superiority. 
"U" plugs have a steel shell and 

"SILCAN"" insulator, cable relief and 
moisture resistant sleeve. 
Bayonet-type locking means pre-

vents vibration failure. Rated 1700v. 
d.c.; 5a. Available in 3, 6, and 12 con-
tact arrangements with one plug style 
and two receptacles. 

'Cannon Electric's special silicone resilient 
material. 

Refer to U-2 Bulletin 

for hermetic sealed 
applications 

GS02 

GS06 

GS Types mate with standard 
AN(MIL) types. These highly suc-
cessful hermetically sealed plugs 
(GS06) and receptacles (GS02) pio-
neered this field and are top quality 
fittings. Fused vitreous insulation pro-
vides a true hermetic seal for relays, 
position indicators, etc. Shells are steel, 
finished in cadmium plate and bleached 
Indite; coupling nut on plug is natural 
finish Dural. Eyelet or solder pot ter-
minals. 
Built to resist thermal shock, 

—300°F. to +600°F., surpassing MIL 
Spec. GS02 Types will withstand oper-
ation temperatures 400°F. to 600°F., 
and pressures as high as 200 to 900 
psi; specials to 7500 psi. GS Types 
approximate AN voltage and current 
ratings. Wide range of AN layouts 
available. 
See GS-3 section in AN-8 Bulletin 

for details. 

COMING  TYPE "OH" HERMETIC SEALED 

CONNECTORS SI MILAR TO  PRESENT 

DA-I 5P 

CANNON ELECTRIC 
Since 1915 

Factories in T.01 Angeleg, Toront", New 1-Liven. Benton HArbor. Repre-
sentatives in prim ipal cities. Add re,t union ICS ii  (Armor) L cc Ira ( II.. 
Dept. I. 477. P.O. Box 75, Lomolli Heights tititi..n. I os Angeles 
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GREATER 
R I UTION 

PANADAPTOR SA-8a 
PANALYZOR SB-8a 
More Valuable Than Evert 

New Panoramic engineering achievements em-
bodied in these improved instruments open im-
portant new applications involving modulation 
and interference problems. 
SA-8a and SB-8a enable spectrum analysis of 
signals so close in frequency that their corre-
sponding indications would normally mask one 
another. 
• IMPROVED RESOLUTION down to 50 cps 
for RF spectrum analysis where maximum 
resolution is a "must" 

• LOW SWEEP RATES down to I scan per sec-
ond for analysis of pulsed RF signals with 
low p.r.f.'s 

• LONG PERSISTENCE DISPLAYS 
• CONTINUOUSLY  VARIABLE  SCANNING 
WIDTH 

3 types available with maximum sweepwidths of 
200 KC., 1 MC. and 10 MC. 

PANALYZOR MODEL S8-8. T-200 El. 
• PANADAPTOR MODEL SA-8.T-2d0 
•  sieZirrer 11  ii 

.  
4.,,se" , 
4". 111111 

.s" 0" 

.0,00'.' * "P!iI v̀. 
0,'  

1uiiuui .4 ' 
.0 ‘0"— *- e• 

'' 

IuIIMlUIIIIIIII 
WRITE TODAY FOR 

COMPLETE 
SPECIFICATIONS 
AND PRICES 

PANORAMIC 
RADIO PRODUCTS. INC. 

12 SOUTH SECOND AVENUE, MOUNT VERNON, N.Y. 
MOunt Vernon, 4 3970 

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 140,1) 

Illuminated Panel Meter 
International  Instruments,  Inc.,  P. 

0. Box 2954, New Haven 15, (onn., an-
nounces the production of a new 1f-inch 
illuminated panel meter. They are avail-
able in Model 150, Round Case and Model 
153, Square Case, and have an external 
lamp housing. 

A small compact D'Arsonval move-
ment designed by International Instru-
ments, permits light admitted through a 
window in the rear of case to pass over the 
movement and be diffused through a 
translucent plastic scale. The source of 
illumination is a miniature aircraft lamp 
mounted in a specially designed housing 
attached to the back of the instrument 
case. A lamp is supplied for 6, 14, and 28 
volts. 

(Continued on page 143A) 

Over 145% of the torque wrenches • 
used in industry are 

S tuRtE VA 
TORQUE WRENCHES 

Read by Sight, Sound or Feel. 

• Permanently Accurate 

• Practically Indestructible 

• Faster—Easier to use 

• Automatic Release 

• All Capacities 

in inch ounces . . . inch 

pounds . . . foot pounds 

All Sizes from 0-6000 

ft. lbs.) 

Every 
manufacturer, 
design and 

production own 
should have 
this valuable 

data. Sent upon 
request. 

PA /5 tuRti- VA N77C 0 
Aro/5ov  . 

7-- THE SAR 

PULSES.cg 
MODEL 
S•4 A 

Weight 31.5 lbs. 

91/1"x 111/4 " 
x 171/4 -

A nother example of WATERMAN 
pioneering, a compact, portable instru-
ment for precision pulse measurements 
adaptable for all electronic work, in-
cluding radar and TV. S-4-A SAR 

PULSESCOpE will portray all attributes 
of the pulse; such as shape, amplitude, 
duration and time displacement. In S 
mode of operation, the unit functions 
as a wide band oscilloscope, with 
optional video delay, in either repeti-
tive or triggered sweep conditions. In 
A mode of operation the unit functions 
as a precision time measuring device, 
with internal crystal controlled mark-
ers available for self calibration. In R 
mode of operation a desired small 
segment of A Sweep is expanded to 
fill the face of the tube for detailed 
observation. 

Video Amplifier bond pass up to 11 mc 
optional Video delay 0.55 As... Pulse rise and 
fall time better than 0.07 gs ... Video sensi-

tivity of 0.5 p to p inch ...S Sweep 80 cycles 
to 400 KC either triggered or repetitive ...A 
Sweep 1.2 Ms to 12,000 gs, R Delay 3 gs to 
10,000 gs... Directly calibrated on a precision 

dial... R Pedestal (or sweep) 2.4 gs to 24 As 
... A & R Sweep Triggers available externally 
... Internal crystal markers of 10 iss ± 50 gs 
Built  in precision  amplitude  calibration.. 
Operates on 50 to 1000 cycles at 115V AC. 

WATERMAN PRODUCTS CO INC. 
PHILADELPHIA 25, PA. 

CABLE ADDRESS: POKETSCOPE 

WATERMAN PRODUCTS INCLUDE: 

5-5-A LAB 

5-10-B GENERAL 

S-11-A INDUSTRIAL 

S-I4-A HIGH GAIN 

S-14-B WIDE BAND 

S-1 5-A TWIN TUBE 

PULSESCOPE 

POCK ETS COP E 

POCKETSCOPE 

POCKET SCOPE 

POCKET SCOPE 

POCKETS COPE 

Also RAYONIC Cathode Ray Tubes 

RAKSCOPES and other equipment 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your  affiliation 

(Continued frotn page 142A) 

Miniature Attenuator 
The Daven Co., Dept. A, 191 Central 

Ave., Newark, N. J., announces the avail-
ability of its new miniature attenuator. 
Series 120, 1 3/8 inches in diameter 
X1 29/32 inches deep. This unit was de-
veloped primarily for government and 
commercial applications requiring a smaller 

I step-type attenuator. Its reduced size and 
weight make it particularly suitable for 
use in portable equipment as well as sta-
tionary equipment where space is at a 
premium. 

This miniature attenuator is available 
in 20 steps having a ladder or potentiom-
eter network. All standard decibel steps 
and various impedances up to 500,000 
ohms are available. 
The resistor accuracy is ±5 per cent 

and the power dissipation is 0.6 watt. 
(Continued on page 144A) 

Measurements Corporation 

MODEL 31 

INTERMODULATION 
METER 

• Completely Self-Contained 
• Direct Reading For Rapid, 

Accurate Measurements 
To insure peak performance from all 
audio systems; for correct adjustment 
and maintenance of AM and FM re-
ceivers and transmitters; checking line-
arity of film and disc recordings and 
reproductions;  checking  phonograph 
pickups and recording styli; adjusting 
bias in tape recordings, etc. 

The generator section produces the 
mixed low and high frequency signal 
required for intermodulotion testing. 
A direct-reading meter measures 
the  input  to the  analyzer  section 
and indicates the percentage of 
intermodulotion. 

MEASURE MENTS 

CORPORATION 

ElOONTON NE W JERSEY 

SIGMUND COHN CORP. 121 So Columbus Avenue • Mount Vernon. N Y 

In line with our specialization in 
wire for new applications, we pro-
duce wires of composition suitable 
for the manufacture of Transistors; 
including GALLIUM GOLD and 
ANTIMONY GOLD. These alloys 
have been made to fill a specific 
need arising from new develop-
ments in this field. 

S /NC E 190 I 

• illiA ge  

Write to, latest 
ltst of Products 

Other wires we make regularly 
for similar application are 
PHOSPHOR BRONZE, bare or 
electroplated, and PLATINUM 
Alloys produced to meet rigid 
specifications of tensile strength, 
size and straightness. 

MOLDED 
RESIST ORS 

The resistors that give you... 
• Inherent low noise level 
• Good stability in all climates 
STANDARD RANGE 
1,000 OHMS TO 9 MEGOHMS 

These resistors are used extensively 
in commercial equipment, includ-
ing radio, telephone, telegraph, 
sound pictures, television, etc. They 
are also used in a variety of U. S. 
Navy equipment. 

TYPE 65X 
(Actual Size) 

HIGH VALUE RANGE 
10 TO 10,000,000 MEGOHMS 

This unusual range of high value 
resistors has been developed to 
meet the needs of scientific and 
industrial control, measuring and 
laboratory devices —and of high 
$oltage applications. 

SEND FOR BULLETIN 4906 
It gives details 1,1 Standard and high Value Re-
sistors, including construction, characteristics, 
dimensions, etc. Also described are S.S.White 
80X Resistors, designed for extremely high volt-
age equipment. Copy with Price List sent on 
request. 

DENTAL LI ME D 

IND1111111111111 AL onresion 
Dept. GR 10 East 410111 St. 

NEW YORK 16, N. Y. 

WESTERN DISTRICT OFFICE: Time. Building, Long &such, Calif. 
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Test-Adjust Television Sets 
at YOUR Convenience 

Even Without Station Test Pattern or in Remote 
Weak Signal Areas 

5.1191ELIE MODEL 

Net Price $389.50 
The SUPREME COMPOSITE VIDEO GENERATOR 

provides the same type of sync and blanking signal 
as the TV station—even the equalizing pulses. In 
addition, it incorporates a video section which gen-
erates a special test pattern for analysis and ad-
justment of TV sets. Other patterns or pictures can 
be presented by using auxiliary equipment con-
nected to the special "gated" video input section 
of this versatile instrument. The Model 665 should 
not be confused with the cross-hatch or bar-pattern 
generators. The Supreme Model 665 supplies a 
COMPOSITE VIDEO SIGNAL. 

Every TV station sends a COMPOSITE VIDEO 
SIGNAL when telecasting a program or a test pat-
tern. This COMPOSITE VIDEO SIGNAL is com-
posed of—(1) a synchronizing and blanking signal 
to lock the free running raster into a frame of 
two interlaced fields, and—(2) a video signal to 
control the amount of light and produce the pic-
ture (which may be a program scene or a test 
pattern for analysis purposes). 

A television set will produce a picture only when 
it is supplied with a COMPOSITE VIDEO SIGNAL. 
To check any TV set properly, you must have a 
COMPOSITE VIDEO SIGNAL. 

Why lose time and money waiting for that ideal 
scene or test pattern to check a TV set? In fringe 
or weak signal areas, you are strictly in the "driver's 
seat" with a SUPREME COMPOSITE VIDEO GEN-
ERATOR. Write SUPREME, INC., Dept. II, GREEN-
WOOD, MISSISSIPPI for descriptive folder. 

Since 1927 

SUPREME 
Testing Instruments 
"SUPREME BY COMPAILISON• 

TUBE TESTERS  •  OSCILLOSCOPES 
SIGNAL GENERATORS  •  MULTI METERS 

FOR RADIO AND TELEVISION 

RREP has been the prime developer, designer, and pro-
ducer of precision electronic telemeter equipment since 
the industry's infancy back in 1942 ... 

RREP TELEMETRY systems are presently used by U.S. 
military agencies, many foreign governments, most major 
aircraft companies, and numerous research and industrial 
organizations ... This invaluable experience puts no prem-
ium on the cost of RREP equipment. Naturally, we will 
discuss your plans in complete confidence. 

144A 

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 143A) 

Motor Blowers 
Now available Irons EMC and Cyclohm 

Divisions of Howard Industries, Inc., 
1760 State St., Racine, Wisc., are two 
fractional-hp motor blowers. Currently 
being used for cooling aircraft electronic 
equipment and micro-wave relay equip-
tnent, these motor blowers are manu-
factured in a wide range of motor types 
and hp ratings as well as blower heads. 

Model 100 tic motor is rated 1/50 hp 
hp at 274 volts. Designed for aircraft, 
this model operates at 4,500 rpm at sea 
level, 6,500 rpm at 50,000 feet with a 
relatively constant air delivery of 40 cfm. 
Ambient temperature range is —65°C 
to +70°C. Approved and tested for air-
craft applications. 
Model 2914, an induction motor rated 

from 1/100 to 1/15 hp, currently is used 
for micro-wave relay equipment and other 
electronic applications. This motor oper-
ates at 1,650 rpm with an input voltage 
of 90-120 v. Motor is self-ventilated and 
is available with ball or-sleeve bearings. 
Air delivery of double blower is 37 cfm 
each head at 95 volts ac. 

Resistors 
Gorman Mfg. Corp., 2240 Sepulveda 

Blvd., Los Angeles, Calif., has a new line 
of "encapsulated" Tru-Mite wire-wound 
precision resistors. The component fea-
tures extremely low thermal expansion, 
rugged construction, and the ability to 
withstand salt water immersion and ex-
treme humidity. The resistors can be sup-
plied to tolerances of 1.0, 0.50, 0.25, and 
0.10, per cent and operate in a tempera-
ture range of from —65° to +125°C. On 
special order they can be had up to 
+150°C. 
These resistors are supplied to meet 

M  specifications, and good production 
schedules are in effect. 

(Continued on page 146A) 
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C O M M U NI C A TI O N S  EQ UI P M E N T  C O. 

PULSE TRANSFORMERS 
0-166173:  Video.  Rath,  =  50:900  Ohms  1010' 
'Mc   $12.50 

G.E.K.-2745   $39.50 
G.E.K.-2744-A. 11 1 KV High voltage. 3.2 KV Low 
voltage 93 200 K W oper. 1270 K W max.) I micros, 
or 1/1111erasee.  (a  Cala PPS  $39.50 

W.E. 131 169271 Hi Volt Input pulse Transformer  $27.50 
G.E. K2450A. WIII receise 13KV. 4 micro-second pins. 
on in. se,sdpilary delivers I4KV. Peak power out Pm 
KW O. E.  $34.50 

G. E. K2748A. Pulse Input line to magnetron  $36.00 
Ray UX 7896  Pulse Output Prl. Sc. see. 4Iv ..$7.50 
Ray UX 8442-Pulse inversion -40v + 40v  $7.50 
Ray UX 7361  55.00 
PHILCO 352-7250. 352-7251. 352-7287 
UTAH 9332. 9278. 9341. 
RAYTHEON: UX8693. UX5986    $5 ea. 
W.E.: D-166310. 0•16638. KS 9800. KS9948 

PULSE EQUIPMENT 
aPii.i3 PULSE MODULATOR. Pulse Width .5 to 1.1 

Sre. Rep. rate 624 to 134g Pos. Pk. Pwr. out 
K W Enerio nolg Joules  $49.01 

TP.,-3 PULSE MODULATOR. Pk. power 50 amp. 24 
1,%6 1121111 KW pki: pulse rate 200 PrN. 1.5 micro , 

line impedance 50 ohms. Circuit aerie% ch•rging 
,er.lan of DC Resonance tYpe. Coes two 705-A's as 
laaainurs.  115 V. 400 cycle input.  New with all 
tube,.  $49.50 

DELAY LINES 
13-168184: II 5 iniera.,..  Ills  to  211.0  pr$ 1800 ohm 
tern,  $4.03 

0•170499:  25/.541/.75  inicro.ec  13 KS'  50  ohm. 
'nip   $16.50 

$7.50 
$2.00 

D-I 65997: 114, mIcrosee. 
RCA 255686-502. 2.2u sec. 14'91 'do' . 

PULSE NETWORKS 
G.E. .18E3-1.2000-ItiP2T. SKS' •'1•1" 
cuit. 3 ',mi.'''. .5 microsecond. 2000 pps 
511  ohm. imneflanee  $8.50 
I5A -1-400-50:  15  KV.  •'A"  ('KT.  I 
microsar.  41)11 PI'S  50 ohms imp. $37.50 
G.E. 73E (3-64.0101 0-2.24-405) 50P4T: 
310'  "E" CKT Dual Unit: Unit 1, 3 

•  0.84 Microsec. 810 PPS. 59 ohms imp.: 
1  s Sections. 2.24 mirrosec. 405 PPS. 50 ohm. 

 $6.5) 
7-5E3-1-200-67P. 7.1 KS'  "E" Circuit,  1 min...., 
200 PPS. 61 ohms Impedance 3 sections  $7.50 

7.5E446-60. 67P. 7.5 KS'. "E" Circuit. 4 sections IG 
mierns,c go PPS. 67 ohm* impedance  $15.00 

7.5E3-3-200•6FT. 7.5 KS'. "F.' ('ircuit. 3 micros,. 20,, 
PI'S 0  Imp. 3 sections  $12.50 

7755: 11)1(v  , 375 PPS. 50 ohms Imp. -527.50 
:75 t• IOKV  •'  • 17.. PI' , $27.50 

.00 CYCLE TRANSFORMER 
All Primaries I I5V. 400 Cycles) 

Stock  Ratings  Price 
352.7039  640VCT 14, 250MA, 6.3V/.9A. 6.3V/6A, 

5V OA   $5.49 
702724  9800 8600 S., 32MA   4.95 
12033  4540V 250MA  17.50 
K59584  5000V 290MA. 5V 10A  22.50 
521652  13.500V 3.5    14.65 
KS9607  734VCT-177A. 1710VCT .I77A  6.79 
352.7273  700VCT ,350MA. 6.3V 0.9A. 6.3V 2.5A 

6.3V .06A, 5IfCA  6.95 
352-7070  2X2.5V 2.5A (2KV TEST) 6.3V 2.25A, 

1200 1000/75 OV w  0:5A  . 7.45 
352.7196  1140V I.25MA. 2.5V I.75A. 2.5V  1.75A 

-5K V Test . .  .  3.95 
352-7176  320VCT 50MA. 4.5V 3A. 6.3VCT 20A. 

2X6.3VCT 6A    4.75 
RA6400-1  2.5V 1.75A. 6.3V 2A -5KV Test   2.39 
901692  I3V 9A    2.49 
901699-501  2.77V 'a 4.25A    145 
901698-501  900V 75MA, 100V .01A    4.29 
UX8855C  900VCT .087/). 5V 34  ....   3.79 
RA6405-I  800VCT 65MA. 5VCT 3A  3.69 
T-48852  700VCT 80MA. 5V 3A. 6V ,I.75A  I 25 
352-7098  2500V 6MA. 300 VCT. 135MA  5.95 
KS 9336  1100V SOMA TAPPED 625V 2.5V 5A  3.95 
M•7474319  6.3V/2.7A, 6.3V ,.66A, 6.3VCT 2IA . 4.25 
KS 8984  27V4.3A. 6.3 2.9A, 1.25V/.02A  . 2.95 
52C080  526VCT MIMA, 6.3VCTIA, 5VCT'2A  3.75 
32332  400VCT'35MA. 6.4V 2.54. 6.4V .I5A  385 
686631  1150.0.1150V  ...  .  2.75 
80G198  6VCT .00006 KVA  1 75 
302433A  8.3V 9.IA. 13.3VCT 6.5A. 2 5V 3.5A. 

2.5V 3.5A  ,    
KS 9445  592VCT II8MA, 6.3V 8.IA. 5V 2A . 
KS 9685  6.4 7.5A. 6.4V 3.8/11, 6.4V 2.5A 

ALL CT 
70630GI  SPOVCT 36MA  .  ....  . 
M-7474318  2100V .027A    . 
95 4,45  2000V .002/1,  465V .6A.  44V 10A, 

6.3V 23.54,  6.3V 1.13A.  5V 9A. 
2X2.5V 1.75 

TRANSTAT IN: II5V. 400 CY.  - • 
OUT - 75.120V, 6.0 Amps. 

4.85 
5.39 
4.79 

7.65 
1.95 

17.95 

12.95 

MICROWAVE COMPONENTS 
S BAND -3" x  

WAVEGUIDE 
DIRECTIONAL COUPLER, Broadband 
type "N" Coupling. 20 'lb. with ied. 
flanges.  Navy  :CA M'  47AAN-2.  As 
Mown  $37.50 
WAVEMETER, 2700-3400 MC. Reaction 

c' ,.6.4. 1....o4 type  with  counter  Dial -Mfg..  W E. 
 $92.50 

REACTION WAVEMETER. Mfg. (I.E. 3000-371111 
M). Mic. Head  $125.00 

LHTR. LIGHTHOUSE ASSEMBLY. l'art of RT:10 
APG 5 & APG 15. Receiver and Trans. Cavities 
w/assoc. Tr. Vanity and TYpe N C1.1.(1, To Hero. 
Uses 2C411, 24'43. 11427. Tunable APX 2400.27110 
NICS  Silver Plated  $49.53 

BEACON LIGHTHOUSE easily 10 cm. Mfg. Iler-
na:d Rice. each  $41.50 

MAGNETRON  TO  WAVEGUIDE  Coupler  with 
121.1 Duplexer Cavity, gold plated  $45.00 

RT-39 APG-5  10 cm.  lighthouse  RF bead 1.10 
3:intr.-Ite m-Tit. cavity compl. recvr. az 30 MC 
IF strip using 60K5 12C40. 2C43. 1B21 lineup) 
w/Tubes. 

72IA TA BOX complete with tube and tuning 
plungers  $12.50 

McNALLY KLYSTRON CAVITIES for 707B or 
'2K214    54.05 

F 29 SPR-2 FILTERS, type "N" input and 
output   $12.50 

WAVEGUIDE TO 7/."  RIGID COAX  "DOOR-
KNOB" ADAPTER CHOKE FLANGE, SILVER 
PLATED BROAD BAND  $32.50 

ASI4A AP-10 I'M Pick up Dipole with "N" 
Cables  $4.50 

O M ECHO BOX. 10 CM TUNABLE  $4.50 
HOMERELL-TO-TYPE "N" Male Adapters  
W.E. 514167284  $2.75 

I. F. AMP. STRIP: 30 MC. 120 d.b. gain, 2 511' 
Bandwidth.  use.. 6ACT's-with video detector. 
Ixeis tubes  $24.50 

POLYROD  ANTENNA,  AS3I/APN-7  in  Lucite 
Ball. TY M "N" feed  $22.53 

ANTENNA. AT411A/APit: Broadband Conical. 31111 
2301) MC TYI*.  r'991  $12.50 

"E" or "II" PLANE BENDS. yo Deg. 
flanges   $7.50 

7/e" RIGID COAX - 3/s" I.C. 
RIGHT ANGLE BEND, yz1.14 flexible coax output 
pickup loop  $8.00 

SHORT RIGHT ANGLE BEND, with pressuriz-
ing nipple   $3.00 

RIGID COAX to ties coax connector  $3.50 
STUB-SUPPORTED RIGID COAX, gold plated I' 
lengths. Per length  $5.03 

RT. ANGLES for above  $2.59 
RT. ANGLE BEND IV' L. OA  $3.51 
FLEXIBLE SECTION. 15" L. Male to female $4.25 
7/41" RIGID COAX. BULKHEAD FEED•THRU 

511.00 

IMMEDIATE 
DELIVERY - - FULLY 

GUARANTEED 
X BAND -1" x 1/2 " WAVEGUIDE 
I" x ,y" wavegulde in 5' length i'l: :.,!. flange to 
UG40 roten  per length $7.50 

Rotating Joints supplied either with or without deck 
mounting. With 1'(4411 fiallifeS  each, $17.50 

Bulkhead Feed-thru Assembly  $15.00 
Pressure Gauge Section 15 II,. gauge and pre, 
nliilile   $10.00 

Pressure Gauge, 11 ilw.  12.50 
Dual OscIllator. Mount. (Bark to hark) with crystal 
mount, tunable terniination attenuating slug-' 
 $18.50 

Directional Coupler, CO-40/C Take ,.IT 20 db $17.50 
TR-ATR Uuplexor xectIon for abose  $8.50 
723AB Mixer  Beacon dual Ose. Slot. w/xial 
bolder  $12.00 

Wavegulde Section 12" long choke to cover 45 deg. 
twist & 244," radius. 90 (bit. bend  $4.50 

Twist 90 deg. 1,' choke to miter w/pres nipple $6.50 
Waveguide Section 21/2  ft. long silver Witted 41114 
1.1,c,ke Hang..  $5.75 

Rotary Mint choke to choke with deck  int 
ing  $17.50 

3 cm. mitered elbow "E" plant.  $12.00 
UG 39 Flanges   $  85 
90 degree elbows. "E" or "11" plane 2,, " 10 
'liar    $17.50 

90 degree twist 6" long   18.00 
15 degree twist  $8.00 
APS•4 Under Belly Assembly. k. 'oh..  $375. 00 

11/4 " x 5/8" WA.VEGUIDE 
X Band Ware GD IIi"  o II I I.." wall 
41 ,111,11 ,111    per ft. 750 

Slog Tuner Attenuator 31 1: guide. Gold 'dated 
 $8.50 

BI•DirectIonal Coupler, 1310 "N" Takeoff 2:  
$27.95 

POWER TRANSFORMERS 
Comb. Trans'ormers--II5V/50-60 cps Input 

CT15-2-600VCT/.2A, 5V/CA  $5.95 
CT-I5A 550VCT  .085A  6.3V/.6A. 6.3V/I.8A 2.85 
CT-164 4200V.002A/I2KV Test, 5VCT/3A/12KV 

Test, 6.311 0.6/1'5400 V Test   12.95 
CT-341  1050V 10MA, -625V 90 5 MA. 26V @ 4.54 

282.5V 3A, 6.3V @ 3*  16.95 
CT•825  360VCT  .340A  6.3VCT/3.6. 

6.3VCT/3A    3.95 
CT-626  1500V  .160/1  2.5/12. 30/.100   9.95 
CT-071  110V  .200A  33/.200. 5V/I0. 

2.5 10   4.95 
CT-367  580VCT  050A  5VCT 3A   2.25 
CT-99A 261 I OVCT .010A  6.3 1 A.  2.5VCT/7A. 3.25 
CT-403  350VCT  026A  5V,3A   2.75 
CT-931  585VCT  .086/1  5V 3A, 6.3V 6A   4.25 
CT-610  1250  .002A  2.5V 2.IA, 2.5V/ 

I.75A    4.95 
CT•456  390VCT  80MA  6.3V/1.3A. 5V/3A   3.45 
CT-I60  800VCT  100MA  6.3V/1,2A.  5V/3A  4.95 
CT•931  585VCT  86MA  5V/3A,  6.3V '6A   4.95 
CT-442  525VCT  75MA  51//2A. IOVCT/2A. 

50V/200MA   3.85 
CT-720  550-0-550V 250MA. 6.3V/I.8A    8.95 
CT-43A  600-0-600V .08A, 2.5VCT/6A. 6.3VCT IA 6.49 
C17-501  650VCT 200MA, 6.3V 5A   6.49 
CT-444  230-0-230V 085A, 5V 3A. 6V/2.54   3.49 

Filament Translormers -115V/50-60 cps input 
Item  Rating  Each 

FT-674  8.1V/I.5A  $ 1.10 
FT-I57  411/1611,2.5V I.75A     2.95 

FT-924  5.25V 21A, 287.75V 6.5A   14.95 
FT-824  2826V 2.5A, I6V IA, 7.2V 7A. 6.4V 10A. 

6.4V 2A    8.95 
FT-463  6.3VCT/1A. 5VCT 3A. 5VCT 3A    5.49 
FT•55•2 7,2V/21.5A, 6.5V/6.85A. 511,6A, 5V 34   8.95 
FT-986  I6V a 4.5A or I2V @ 4.5A   3.75 
FT-38A 6.32.5A, 262.5V/7A    . 4.19 
FT•A27  2.5V 2.5A, 7V/7A, TAP 2.5V 2.5A. 

I6I(V TEST   18.95 
FT•608  6.3V 34/750V Test   1.79 
FT-873  4.511/.5A, 7V/7A   2.19 
FT-899  265V (4) 5A. 29KV Test   24.50 

Plate Trans. -I I5V. 60 cps 
Item  Rating  Price 

PT-446  18.5V3.5A   $4.59 
PT-699  300/150V/.05A, 300 150V .05A   2.79 
P1,302  120-0-120V/350MA  4.69 
PT-671  62V/3.5A     7.95 

Special Fil. Trans'ormers -60 cps 
Prl. Volts  Secondaries  Price 
220/440  362.5V 5A. 3KV Test 

2.5V ISA   S 6.95 
220V  2840V .05A. 2x5V 6A 

.  . 4.49 
220V  2411 ,0.6A 5V 3A, 6.3V IA, 

6.3V/1A    3.45 
230V  2.514/6.54  3.50 

2x5V 27A, 2x5V 'IA  17.59 

Item 
ST P.370 

STF•I1A 

STF-608 

STF-968 
STF-631 

THERMISTORS VARISTORS 
0167018  SI 5, 0171812   51 50 
0167332   i.so  DI72155   I 50 
DI67613   1.50  0167176   1.50 
0166228   1.50  0 168587   I.5u 
D I 64699   2.50  0167208E, DI 71858  1.50 
01 63903   1.5  308A, 3A. 27-B .... 1.50 
D166792  2.15  DI68403   2.15 

DYNAMOTORS 
I nput  Output  Radio 

Type  Volts  Amns  Volts  Amps  Set 
PE86  28  1.25  250  .060  RC 36 
DM416  14  5.2  330  .170  RU 19 
DM33A  28  7  540  .250  BC 456 
PEIOIC  13/26  12.6  400  .135  SCR 515 

6.3  800  .020 
BD AR 93  28  3.25  375  .150 
23350  27  1.75  285  .075  APN-I 
zAull 5  12/24  4/2  500  .050 
B-19 pack  12  9.4  275  .110  MARK  II 

500  .050 
0104  12  225  .100 

440  .200 
DA-3A  28  10  300  .060  SCR 522 

150  .010 
14.5  .5 

5053  28  1.4  250  .060  APN-1 
PE73CM  28  19  1000  .350  BC 375 
CW2IAAX  13  12.6  400  .135 

26  6.3  800  .020 
9  1.12 

PE94  28  10  300  .200  SCR 522 
150  .101 
14.5  .5 

INVERTERS 
PE-218-H: Input: 25 28 vdc. 92 amp. Output: 115 v. 
350 500 cy 1500 volt-amperes. New  $44.50 

PE•206: Input: 28vdc, 38 amps. Output: 80 v 800-cv. 
500 volt-amps. Dim: 13 9 x 5's". New  . 122.59 

LELAND No. 10536: IN: 28 VDC. 12A. OUT: 115V. 
115VA. 400 CY 3 PHASE E X C CON D.  $70.00 

MAGNETRONS 
Tube  Tube  Tube 
2127  2149  71.IDY 
2131  2/56  720BY 
2121  2161  725•A 
2122  700  730-A 
2126  706  (OK 62 
2132  2162  OX 6) 
21313  3111  DX 60 
2139  5130 

44111. ,_ 

MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.O.B. NE W YORK CITY. SEND M.O. OR CHECK. ONLY SHIPPING SENT C.O.D. 
RATED CONCERNS SEND P.O. ALL MDSE. SUBJECT TO PRIOR SALE, AND PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

PARCELS IN EXCESS OF 20 POUNDS WILL BE SHIPPED VIA CHEAPEST TRUCK OR RAILEX. 

131 Liberty St., New York 7, N. Y.  Dept 1-12 Chas. Rosen Phone: Rigby 9-4124 
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Frankly we don't know if they're fact or fiction  . but if they 
an fact it wouldn't surprise us a bit to learn that some extra. 
lefrealfiel manufacturer bas incorpormied Set E1RON Selenium 
Rectifiers and R R Co Germanium Diodes into the design. 
That's becausc—as pioneers in the field of electronic develop-

ment—we've had our hand in some of the most difficult protects 
and met some of the stiffest requirements ever cooked up! Mak-
ing drawing board dreams come true arc daily chores at Radio 
Receptor Co.! 

OPP GERMANIUM DIODES 
Radio Receptor's nevi Germanium Diodes feature polarity 
at a glance combined arth simplicity of construction 
and sound design principles The tapered shape speeds 
assembly because opeiators Caro see at a glance 
the correct direction of assembly Users are enthusiastic 
oyee the quality if the product which is currently 
being used in wattle talkies, computers. TV sets, 
tuners and other electronic applications 

tielof rola 
and Ger manis m. 

llitln liars 

SELE NIU M 

RECTIFIERS 

Selfir011SelenIUM Rectifiers. 
In both miniature and 
indultnal types, are in 
constant demand by an increasingly 
large number of engineers through 
out the world because they Sr. 
completely dependable under the 
most grueling conditions. 
Years of experience hare given 
Radio Receptor Co a deep insight 
into the idiosyncrasies of 
rectification. 

Our Germanium Diodes and Seletron Selenium Rectifiers 
may hold the answer to many of your problems. Radio 
Receptor Engineers Will be glad to study your require. 
menu and submit their recommendations on both of 
these products. 

Germanium Translators avollobk ire limited quantities. 

RADIO RECEPTOR COMPANY, Ina% 

Offti sine. 11/22 les RedWen/ E.  I • el•If • (Al) 
DEPT 251 West 190 Mimi New Tort II. N I • FACTORY 54 Norl5 90  Biooklm II N 

CONTINUOUSLY 

VARI ABLE FILTERS 
MODEL 302 

Fast, Accurate, Reliable 

The — SKL — Model 302 includes two independent filter 
sections, each having a continuously variable cut-off range 

of 20 cps to 200 KC. Providing a choice of filter types each 

section has 18 db per octave attenuation. When cascaded 

36 db is obtained in the high and low pass setting and 18 

db in the band pass position. With low noise level and 0 

insertion loss this versatile filter can be used as an analyzer 

in industry and the research laboratory or to control sound 

in the communications laboratory, radio broadcasting, 
recording and moving picture industries. 

V ARI ABLE 

ELECTR ONIC 

FILTER 

SPECIFICATIONS 

• CUT-OFF RANGE 
20 cps 10 200 KC 

• SECTIONS 
2—can be high, low and 
band pass 

• ATTENUATIONS 
36db octave maximum 

• INSERTION LOSS . 0 db 

• NOISE LEVEL 
80 db below 1 volt 

• FREQUENCY RESPONSE 
2 cps to 4 MC 

SKL  SPENCER- KENNEDY LABORATORIES, INC. 
181 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. 

I 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 1444) 

Bobbin Winder 
A new calibrated 2-inch economy box-

type cam which provides any winding tra-
verse from 0 to 2 inches is the outstanding 
feature on the new Model 119-A bobbin 
winder offered by George Stevens Mfg. 
Co., Inc., Pulaski Rd., at Peterson, Chi-
cago 30, III. Calibrations allow instant 
adjustment of winding traverse to the de-
sired winding width. An infinite range be-
tween 0 and 2 inches is available for any 
winding needed. There are no cams to 
change when changing winding widths. 

Model 119-A winds all types of random-
wound bobbin coils, solenoids, repeater 
coils, and resistors up to 2 inches wide and 
up to 3 inches outside diameter. One 
Model 92-6 De-Reeler tension is furnished 
for handling wire gauges 24 to 44 and 
spools up to fr inches in diameter. Model 
92-6D tension may be specified for wire 
gauges 18 to 24. Winding speed is up to 
7,000 rpm. One winding setup is furnished. 
Compound idlers are available for addi-
tional gear ratios. 
Veeder-Root predetermined counter is 

used for registering number of turns wound 
up to 99,999 in conjunction with the extra 
economy precision automatic stop feature. 
This stop eliminates the main cause of 
coil rejection by winding accurately to the 
specified number of turns and then stop-
ping automatically. 

Printed Circuits Brochure 
Printed circuits, their function, fabri-

cation, and application, "'are comprehen-
sively outlined and described in a new 8-
page brochure prepared by Photocircuits 
Corp., Glen Cove, L. 1., N. Y. 
Lower wiring costs, reduced assembly 

time, circuit reproducibility, improved 
reliability, and miniaturization are the 
advantages advanced by this modern 
method of "wiring" —with applications 
extending to microwave plumbing, radio, 
and television chassis, IF strips, antenna 
filters, terminal boards, wiping switches, 
flush commutators, and the like. 
The brochure includes information on 

methods of application, materials, electri-
cal characteristics with tables of values, 
components such as capacitors, resistors, 
tube sockets, switches, and so on. Assembly 
methods are described and costs are sug-
gested. 

(Continued on page 1484) 
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IDE 

SERIES 14 

RACK TO PANEL TYPE 
7-9-10-15 CONTACTS 

SERIES 14 FOR #14 AWG WIRE 
These  precision  power  connectors 
were developed to employ the same 
electrical and mechanical properties 
as our series 16 but were reduced by 
25% in height with a larger salder 
cup for #14 AWG wire. 
The disengagement force is also con-
siderably reduced. 

CABLE TO PANEL TYPE 
7-9-10-15 CONTACTS 

SPECIFICATIONS 
MAXIMUM WIRE SIZE... #I4 AWG 
Creepage between contacts 

7/32" MIN. 
Air Space between contacts 

3/32" MIN. 
Breakdown voltage between contacts 
wit connector engaged at sea level, 
normal conditions  5500 V.R.M.S. 

CABLE TO PANEL TYPE 
7-9-10- 1 5 CONTACTS 

ALUMINUM  HOOD  AND  CABLE 
CLAMP  IS AVAILABLE FOR  ALL 
TYPES  DESIGNATED  BY  ADDING 
"H" TO TYPE DESIRED, i.e.: 7-14 
PH, Plug with Hood, 7-14 SH, Recep -
tacle with Hood, 7-14 H. Hoo d on ly. 

CATALOG WITH COMPLETE 
DETAILS — AVAILABLE ON 
REQUEST. TO DEPT. E-12-P 

UBJUIIAMSCO CORPORATION 
11S-01 141011THIlt14 BOULIVAILD. L. 1. C.1. 41. T. 

DI N V  II  a ellt S  

tik yecos 
ogle *  for aircraft, industrial 

and laboratory applications 

411 6 Exclusive Helfand "700" Features 

HEILAND Series "700" Oscillo-
graph Recorders have been de-
signed and developed to enable 
the testing engineer and scien-
tist to solve the wide variety of 
industrial and laboratory prob-
lems involving the measurement 
of physical phenomena such as 
strains, stresses, vibrations, pres-
sures, temperatures, accelera-
tions, impact, etc. Accurate and 
dependable oscillograph  rec-
ords permit the study of various 
recorded data comparatively, 
individually  and  collectively 
making for better product de-
sign and performance. 

HE1LAND Series "700" Oscillo-
graph Recorders are being wide-
ly used today for the analysis 
of static and dynamic strains, 
vibrations, etc. in aircraft and 
guided missile flight testing; 
structural  tests;  performance 
tests; riding quality evaluation; 
oltage and current measure-
ments; medical research; gener-
al industrial problem analysis. 

A708 

21-channel 

Oscillograph 

Recorders 

Other "700- models up to 60 chan-
nels are available. Write today for 
a complete catalog of Heiland "700-

oscillograph recorders. 

The Heiland Research Corporation 
130 East Fifth Avenue, Denver 9, Colorado 

e endable instruments 

* One surface 
operation, control 
and loading 

* Rack or table 
mounting 

4( Direct monitoring 
of galvanometer 
light spots 

4L Damping resistor 
panel 
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7 747400  

RESISTORS 
i n 

Yes  . . a bonus in conscientious crafts. 
monship. You get it every time you use 
resistors by Resistors, Inc. It's the extra that 
con be found only in o specialized product 
made by a manufacturer of specialized ex• 
parience. 

*  This bonus is reflected in the extra satis. 
faction your product gives when resistors by 
Resistors, Inc. protect your carefully engin. 
eered circuits. 

*  Whenever your specifications call for wire. 
wound vitreous enameled resistors (5 to 200 
watts . . . fixed, adjustable, ferrule terminal, 
ribbon•on-edge, and others) . . . depend on 
resistors by Resistors, Inc. 

Tell us of your needs NOW .  and ask 
Bulletin 87 for your files. 

5240 WEST 26th STREET  CHICAGO 50, ILL 

eXiCeteteel 

Send tar our new today   
complet ely illustrated catalogpart  o t 

crystals or outline your  icularrs 

cr ystal problem• Our enginee 

will be glad to make recommen-
dations, at no obligation to you. 

CARLISLE, PENNSYLVANIA 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

Wont:tined front page 146/1) 

RF Tuner Plate 
.1 high frequency contact plate, pro-

viding precision tuning of five rf channels, 
H. in production at Mycalex Corp. of 
America, Clifton Blvd., Clifton, N. J. Al-
though the circuits tuned operate it high 
frequency, permanently accurate tuning 
is attained. 

The part described is of MYCALEX 
410 glass-bonded mica dielectric, injection-
molded to close tolerances and incorporat-
ing a series of coin silver contacts, stainless 
steel distributing rings, and an integral 
center hub. 
The use of MYCALEX insulation results 

in extremely low dielectric loss, long-term 
dimensional stability, and permits pre-
cision molding with resultant dimensional 
uniformity of all pieces. This process also 
reduces the unit cost considerably as com-
pared to other materials and methods of 
fabrication. In this application moisture is 
also an important factor. MYCALEX, 
being non-hygroscopic, solves this problem 
completely. 

Meter Calibrator 

Bruck Industries, Inc., Syosset, I.. I., 
N. Y., has developed a new -instrument 
deigned specifically for the rapid calibra-
tion of dc volt and milliammeters, and for 
testing and adjustment of dc type analog 
computers. 1 
The calibrator is completely self con-

tained. It consists of 4 major components: 
two regulated power supplies, a normalizer, 
and the calibrator proper. The normalizer 
is referenced to a built in standard cell. 
The output can be preset on 4 decade 
dials, and is maintained automatically 
constant and accurate to within 0.1 per 
cent over 90 per cent of its range, inde-
pendent of load, input voltage or ambient 
conditions. 
Both the normalizer and the calibrator 

are controlled and compensated by electro 
mechanical transducers in conjunction 
with high gain 60 cps amplifiers, and all 
manual operations such as checking of 
meters, zeroing of galvanometers or adjust-
ment of rheostats are completely elimi-
nated. Prices and technical literature avail-
able upon request. 

(continued on page 150,4) 
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t e  4 1 
l ' for  you r 

RAYTHEON 
TUBE 

REQUIREMENTS 

o 1.1.1.1.1.1111.1 

IN THE 
METROPOLITAN 
NEW YORK AREA 

IT'S 

DAMS 
1-1-1111**** 
Scarce Types 
Now Available 

01...Itir-  PHONE 

A Lgonquin 5-3000 
* * * * * * * * * * * * * * * * 

SERVING THE TRADE FOR 

OVER A QUARTER CENTURY 

rvie' 

ILLDALISINc. 
WHOLESALE DISTRIBUTORS 
ELECTRONIC PARTS 
175 VARICK STREET 
NEW YORK 14, N.Y. 

Wire or Write Dept. IND. 

I ..................  .................. , ......................... 

MANUFACTURING CORPORATION 

Engineers and Manufacturers of the finest 

MICROWAVE COMPONENTS and 
PRECISION EQUIPMENT 

DUPLEXER 
Bogart. produces these units in large 
quantities, and at the same time inser-
tion loss, a. f. c. coupling and gate at-
tenuation are held to less than half of 
normally acLepted tolerances, result-
ing in extremely fine performance at 
lowest cost. 

FEEDHORN 
This Feedhorn, one of many different 
types manufactured by Bogart, is char-
acterized by a reflection coefficient and 
bandwidth not ordinarily found in a 
multiple twist and bend unit of this 
kind. Each Horn is calibrated and the 
complete data forwarded to the cus-
tomer at time of shipment. 

MICROWAVE TRANSMISSION COMPONENTS 
and 

SPECIALIZED ELECTRONIC ASSEMBLIES 

• DUPLEXERS 

• ROTATING JOINTS 

• DIRECTIONAL COUPLERS 

• CRYSTAL MIXERS 

• FEEDHORNS  • BROADSIDE ARRAYS 

• MAGNETRON COUPLERS  • DOUBLE-STUB TUNERS 

• PHASE SHIFTERS (  • CAVITIES 

• OSCILLATING JOINTS  • WAVEGUIDES 

• -AND SPECIAL DESIGNS 

Bogart is fully equipped to execute stomping, spinning, electroplating, 
and special precision machine work. (Our laboratory, one of the 
finest in the East, is fully equipped to electrically test all prod-
ucts of our manufacture.) 

oble 
Inquir ies and pr m  m ent 

s concerning 

the manufactur e, develop  and 
calibration of arty microwave units 

are cordially invited. wItere rep • • • 

orb 

BOGART MANUFACTURING CORPORATION 
315 SIEGEL STREET • BROOKLYN 6, N. Y. 
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PROFESSIONAL CARDS 
ALFRED W. BARBER 
LABORATORIES 

Specializing in the Communications Field anti 
in Laboratory Equipment 

Offices, Laboratory and Model Shop at: 

32-44 Francis Lewis Blvd., Flushing, L.I., N.Y. 

Telephone: Independence 3-3306 

CROSBY LABORATORIES, INC. 
MURRAY G. CROSBY & STAFF 
RADIO-ELECTRONIC RESEARCH 

DEVELOPMENT & MANUFACTURING 

COMMUNICATIONS, FM & TV 

ROBBINS LANE 
HICKSVILLE, NE W YORK 

HICKSVILLE 3-3191 

ELDICO OF NE W YORK, INC. 

Donald J. S. Merten and Engineering Staff 
Consultants on Interference Elimination 
from Transmitters, Induction Heaters, 

Diathermy, etc. 
44-31 Douglaston Parkway, Douglaston, L.I., N.Y. 

Bayside 9-8686 

Richard B. Schulz 

See eirtl— Seau4 
Radio-interfeernce Reduction; 

Development of 
Interference•Free Equipment, 
Filters, Shielded Rooms 

4337 N. 5th Street, Philadelphia 40, Pa 
GLadstone 5-5353 

ELK ELECTRONIC LABORATORIES, INC. 

Jack Rosenbaum 

Specializing in design and development of 
Test Equipment for the communications 

radar and allied fields 

333 West 52nd St., New York 19, PL-7-0520 

HARRIS GALLAY 
Electronic Consultant 

Military Electronics Since 1935 

Your inquiries solicited and our experience Is 
at your command. 

60 Perry Street  Belleville 9, N.J. 
Be 2-4237 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J. Upper Montclair, N.J. 

Off. & Lab.: Great Notch, N.J. 
Phone: Montclair 3-3000 

Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinion, 

Warner Building 
Washington 4, D.C. 
National 2497 

100 Normandy Drive 
Silver Spring, Md. 
Shepherd 2433 

HOGAN LABORATORIES, INC. 
John V. L. Hogan, Pres. 

APPLIED RESEARCH, DEVELOPMENT, 
ENGINEERING 

Est  PI M  Electronics,  Optics, Mechanisms, 
Facsimile Communication, Digital Computers, 
Electro-ostesitive recording media, instrumenta-
tion. 
lig Perry Street, New York 14  CHelle• 2-71166 
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LEONARD R. KAHN 
Consultant in Communication, and Electronic, 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Modulation Theory 
Applications of Magnetic Tape Recording 

Elizabeth Bldg , 22 Pine St., Freeport, L I., N.Y. 
Freeport 9-8800 

DAVID C. KALBFELL, Ph.D. 
KAY-LAB Electronic Instruments 

Laboratory and Manufacturing Facilities 

Specializing in Electronic 

Instrumental and Industrial Problems 

1090 Morena Blvd.  Woodcrest 6359 

San Diego 10, California 

MEASUREMENTS CORP. 
RESEARCH & MANUFACTURING 

ENGINEERS 

Harry W. Houck  Jerry B. Minter 
John M. van Beuren 

Specialists in the Design and 
Development of Electronic Test Instruments 

BOONTON, N.J. 

L.  /I  
1,,, S1'.11111  1'  ?,1  II 

Microwave Consultants 
Radio Frill,' th  ."),1  e Component., 

Telephone  G.P.O. Box r.r4 I 
BOulevard 3-2096 Brooklyn I, N.Y. 

PSC APPLIED RESEARCH LTD. 
De)elopment & Production 
AIRCRAFT and INDUSTRIAL 

INSTRUMENTS • AIDS • SYSTEMS 
Navigation • Survey - Processing - Servo 
Gyro - Photo - Magnetic - Electronic 

Radiation - Optical 
J. M. Bridgman, General Manager 

1450 O'Connor Drive  Toronto, Canada 

PAUL ROSENBERG 
ASSOCIATES 

concuhms phys,,,,,, 

loo STEVENS AVE. • MOUNT VERNON. NEW YORK 

CAM F PHYSICIST  MO,,,,, ••••••  8040 

TELECHROME, INC. 
Electronic Design Specialists 
COLOR TELEVISION EQUIPMENT 

Flylse Spot Seesaws. Color Synthesizers. Royer., 
monitor,  Oscilioseopee rind  Related  Apparat•e 

J. R. Pookln-Clurmas, Pres. & Ch. 1nKr. 
88 Merrick ltd.  AmityyIIJ.. L.I., N.Y. 

TELREX, INC. 
M. D. Ercollno, Pres. 

H. F. ANTENNA SPECIALISTS 

Communication Arrays 

Reception or Transmission 

For FM, TV, and Amateur Service. 

Asbury Park, N.J.—Phone AP 2-7252 

HARRIS A. THOMPSON 
Microwave  Electronic  Radar 

Electro-Mechanical 

Consulting 
Manufacturing and Development Problems 

2525 Pennsylvania, Boulder, Colorado 
Phone I202- W 

WHEELER LABORATORIES, INC. 
Radio and Electronics 

Consulting —  Research —  Development 

R-F Circuits —  Lines —  Antennas 

Microwave Components —  Test Equipment 

Harold A. Wheeler and Engineering Staff 

Great Neck, N.Y.  Great Neck 7.7806 

News—New Products 
ntintied from rage 1484) 

Power Supply 
The Perkin Engineering Corp., 345 

Kansas St., El Segundo, Calif., has a new 
Model No. M-900 regulated dc power 
supply to give an output of 300 volts, 
and is automatically and electronically 
regulated to within 0.15 per cent at any 
current load from 0 to 500 ma. Inherent 
ripple is below 0.004 R1‘1S volts. The unit 
is also equipped with a time-delay relay 
to withhold the dc output for a period of 
40 seconds after initial energization to 
provide for thermal stabilization and for 
the protection, during their warm-up 
period, of circuits powered by the supply. 

A dc bias output of minus 105 volts is 
also provided. This voltage is regulated to 
within 1 per cent at any load from 0 to 5. 
The entire unit is treated for resistarce to 
extremes of humidity and its pre-set volt-
age calibration obviates the necessity for 
time-consuming adjustment in the hands 
of semi-skilled operators. 
Model M-900 ;s also available in a 

special series to provide for other voltage 
or current requirements. 
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telt JUNCTION 

1 11 41 % Si 
PRODUCTION 
QUANTITIES 

NOW AVAILABLE 
FOR IMMEDIATE 

DELIVERY 

UNIFORM 
CHARACTERISTICS 

ASSURED 

15 V. 

12.5 

10 
• 

•-

5.0 

2.5 

STATIC CHARACTERISTICS 
-0.2 

100  200 

NPN TRANSISTOR TYPE 2517 
-0.4  -0.6  -0.8 

300  400  500  600 
lc in microamperes 

PRODUCTION QUALITY CONTROL 
assures interchangeability for 
mass production applications! 

KEEP INFORMED 
Important developments 
in the field 
of semi-conductors are 
occurring daily. 
If you are not on our 
mailing list — write us today! 

Chicago Midway Laboratories   
-1.0  Chicago Telephone Supply Corp  

Clare & Co., C. P.   

700  800  900 1000 

WA TCH FOR ANNOUNCEMENTS! 

• Junction diodes! 

• Photo- Transistors! 

• Germanium Power Rectifiers! 

ederated 
SEMI-CONDUCTOR CO. 

EXCLUSIVE SALES AGE NTS FOR 

GERMANIUM PRODUCTS CORP. 

66 Dry St. New York City 1. N Y Olgby 9 3050 

5 Coast-To-Coast Sources Of Supply_ 

• New York City 7, N. Y., 66 Dey St., 
• Newark, N. J., 114 Hudson St., 

• Allentown, Pa., 1115 Hamilton St., 
• Easton, Pa., 925 Northampton St., 

• Los Angeles 15, cal., 911 So. Grand Ave., 

•Manufactured by the Germanium Products Corp. (*Under Western Electric Co. License) 
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CHE MELE CC 
ELECTRONIC PARTS 

.eltePont's trademark for  
its tetrafissoroeikslene resist. 

iTrademark 
Al. Ir. Kellogg Co. 

Chemelec Teflon * insu lated elec-
tronic components include a 
complete line of 7 and 9 pin miniature 
tube sockets, crystal sockets, feed-
through insulators and terminals. 

All provide the same high performance 
which this superior insulating material 
assures. Surface resistivity 3.5 x 10'3 
ohms. Loss factor less than 0.0005. Dielec-
tric constant 2.0 (60 cycles to 30,000 
megacycles). Serviceable at —110°F. to 
500°F. Won't carbonize under arcing. Zero 
water absorption by ASTM Test. Unaf-
fected by extreme humidity. Won't DC 
plate. Chemically inert, non-gassing, 
immune to corrosive atmospheres, fungus, 
oil,  solvents.  Non-flammable,  tough, 
resilient, withstands and absorbs mechan-
ical shock and vibration 

TEFLON and KEL-F STOCK 
and Custom-Fabricated Parts 
Fabricating "Know-how", the result of 
years of specialized experience—and the 
most modern facilities for rapid, low-cost, 
close-tolerance production are at your 
command when you specify Teflon or 
Kel-Ff, fabricated by the United States 
Gasket Company. Ours is the most com-
plete line in the country—sheets, tape, 
rods, cylinders, tubing, bars, and 
custom-machined or molded parts 
to manufacturers' specifications. 

UNITED 
STATES 
GASKET 
CO MPA N Y 

FLUOROCARBON 
PRODUCTS DIVISION 
FABRICATORS OF "TEFLON", "KEL-V 

AND OTHER FLUOROCARBON PLASTICS 

CAMDEN 1, NEW JERSEY 
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ANTENNA': TH,TATOR', 

Nobody kno ws oil capacitors like C-D.  It's generally acknowledged 
that -nobody can duplicate C-D's Dykanol capacitor.- You can count on the rug-
gedness and durability that have made C-D capacitors famous for 42 years and 
that is all too rare these days. Catalog No. 401 will show you how broad the line is. 
Write for it to: Dept. MI22, Cornell-Dubilier Electric Corp., South Plainfield, N. I. 

CORNELL - DUBILIER 
world's largest manufacturers of capacitors 

CAPACITORS 

c‘i 
VIBRATOR  CONVERTERS 

!.0111.4  J. • Piro/ RE UTO.D. WORCESTER AND CAMBIHDOE, MAST, • PROvIOENCE, R. I • INDIANAPOLIS, NO. • PUOUAT SPRINGS, N. C. • SUBSIDIARY, THE RAOIART CORP.. .0. 
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The  Type 544-B Megohm Bridge is 
an accurate, simple-to-operate, port-
able test instrument for measuring 
resistances in the megohm ranges. 
Among its many uses are the testing 
of cartridge type resistors — insula-
tion resistance measurements on elec-
trical machinery, generators, motors, 
and transformers — insulation study 
of single conductors, cables, and long 
sections of high voltage cables — 
measurements on capacitors and 
slabs of insulating materials. 
The instrument is basically a 

Wheatstone bridge with special 
adaptations for insulation resistance 
testing. 

Type 544 BA Megohm Bridge 

with AC Power Supply   $340 
Type 544.88 Megohm Bridge 

with Batteries   $250 

• 
ance Tests 

0.1 megohm 

000,000 megohms 

Photograph by courtesy of Synthane Corporation. Wi 
aid of Type 544 Megohm Bridge, engineer determine. resistance 
leakage across and through insulating materials, under constant te 
perature and humidity conditions. 

Sensitivity: A very sensitive vacuum-tube voltmeter, used as the null 
detector, permits measurement of resistances as high as 1,000,000 meg-
ohms. Resistance values are read directly from a dial and five-position 
multiplier switch for rapid and convenient measurements. The scale is 
approximately logarithmic with an effective length of 38 inches. 

Accuracy: *3% from 0.1 megohm to 100 megohms, *4 % from 100 to 10,000 
megohms. Above 10,000 megohms, accuracy is essentially that with 
which scale can be read. 

Simplicity of Operation: The CHECK position is for adjusting galvanometer 
zero. The OPERATE position is for measurements. In the CHARGE 
position either 100 or 500 volts is supplied directly to the unknown for 
any desired length of time. 

Power Supply: The bridge operates directly from a completely self-contained 
a-c or d-c power supply. A-c unit delivers d-c test voltages of 500, the 
ASTM standard, or 100 volts for testing insulation of low dielectric 
strength. This voltage is held constant regardless of the'Value of the un-
known. Battery power supplies 90 volts for the test voltage. All high-
voltage terminals are insulated for operators' protection. 

Guard Terminal: This third terminal is very useful when three terminal net-
works such as multi-wire cables and multi-circuit transformers are 
being measured. 

Accessories Supplied: Seven-foot line cord with a-c supply, spare fuses, test 
probe and spare neon ballast tube. 

Dimensions: 8 %" (width) x 223/2" (length) x 8" (height) overall. 

Net Weight: 26% pounds with a-c supply; 29  pounds with batteries. 
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Admittance Meters* Coaxial Elements * Decade Capacitors 

Decade Indudors * Decade Resistors * Distortion Meters 

Frequency Meters* Frequency Slamlards* Geiger Counters 

Impedance Bridges * Modulation Meters * Oscillators 

Variars * Light Meters * Megohm meters * Motor Controls 

Noise Meters * Null Detectors 0 Precision Capacitors 
Pulse Generators* Signal Generators* Vibration Meters.* Stroboscopes tr Ware Filters 
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