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write for catalog PS 

for every 
application 
While the catalogue line of UTC 
components covers a wide variety 
of applications, many people are not 
familiar with the full range of prod-
ucts produced by UTC. It is impossible 
to describe the thousands of special 
UTC designs as they become avail-
able. The illustrations below are in-
tended to indicate some of the range 
In size of these special products. 

This 100  Kw. broad cubic foot cast  service. 
o  modulation 

Cycles.  tra nsformer is for 50 
Frequency response flat from 30  

t 20,000  

The high 1:0 toroid coil shown is 12" in diameter. It 

operates in a 50 Kw. circuit at supersonic frequency. 

This sub-miniature 1.18 cubic inchl output transformer is 

intended for hearing aid and other extreme compact serv-

ice. While the dimensions are only 7/16 x 9/16" x 3/4", 

the fidelity is ample for voice frequency requirements. 

Ibis  sub-rnInioture Ott cubic  ch) pernie11oy dust core 
in  

tovoid is auoiiebte in o wide fort9e ot inductances, ond 

t frequencies from 1,000 cyc1es to 50 
ot 1(c. 

150 VARICK STREET  NE W YORK  13. IC Y. 

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



SPRAGUE 
EUTI 
R ES 

T.M. Reg. U.S. 

HM 
TO R S 

Available in 5, 10, 25, 

50 and 120 watt 

ratings. 

Tops for TV and other 
difficult applications! 

WIRE-WOUND RESISTORS WITH LOW S. Q.! 
S.Q.?? That means "Service Quotient." With dependable, tropicalized 
Koolohm resistors, it's practically nil! 
That's why major television manufacturers specify Sprague Kool-

ohms and avoid unnecessary and expensive service calls due to 
resistor failures.  • 
Koolohms far outperform and outlast ordinary wire-wound re-

sistors, yet are smaller in size than ordinary units of the same wattage 
rating. Koolohms are wound with larger diameter wire for the same 
rating yet are available in far higher resistance values (for example, 
70,000 vs 25,000 ohms at a full 10 watts). Koolohms are available 
in truly non-inductive windings when needed. Koolohms have ex-
ceptional resistance stability. 
Koolohms have all these advantages because they are the only 

resistors wound with ceramic-insulated wire (an exclusive Sprague 
development) and are enclosed in glazed moisture-resistant ceramic 
outer shells. Mounted on a metal chassis, Koolohms will withstand 
a 10,000 volt breakdown test from winding to ground. 
Koolohm resistors are ideal for television sets and other tough 

applications—and are equally good for all ordinary electronic and 
industrial control uses. 
Best of all, premium-quality Koolohm resistors are competitively 

priced. 
Sprague Catalog 100E tells The Complete Koolohm Story. Write 

for your copy today. 

DOUBLY 

PROTECTED 

by glazed 

CERAMIC SHELLS and 

MOISTURE-PROOF END SEALS 

SPRAGUE ELECTREIC COMPANY 
N O RT H AD A MS, M ASS. 
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DELTAMAInowavailablei 
812H r 15,100 

A new Magnetic Core 

Material with a rectangular 

hysteresis loop . 

2 mil Allegheny DeItarnox 

,4N • 

Commercially available 

in standard sizes of 

toroidally-wound cores, 

heat treated and cased, 

ready for your use. 

Where can YOU use a Magnetic Material 

with these specialized, dependable characteristics? 
The properties of Deltamax are invaluable for 
many electronic applications, such as new and 
improved types of mechanical rectifiers, magnetic 
amplifiers, saturable reactors, peaking trans-
formers, etc. This new magnetic material is avail-
able now as "packaged" units (cased cores ready 
for winding and final assembly) distributed by the 
Arnold organization. Every step in manufacture 
has been fully developed; designers can rely on 

complete consistency in each standard size of core. 
Deltamax is the most recent extension of the 

family of special, high-quality electrical materials 
produced by Allegheny Ludlum, steel-makers to 
the electrical industry. It is an orientated 50% 
nickel-iron alloy, characterized by a rectangular 
hysteresis loop with sharply defined knees, com-
bining high saturation with low coercivity. 

•Call on us/or technical data. 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 

(,/  1111  lhi 

, 4(. 23,10 
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Any frequency between 

20and 20.000 c.p S. 

This fast, versatile-bp- 330B Analyzer 
measures distortion at any frequency 
from 20 cps to 20 kc. Measurements 
are made by eliminating the funda-
mental and comparing the ratio of the 
original wave with the total of re-
maining harmonic components. This 
comparison is made with a built-in 
vacuum tube voltmeter. 
The unique -bp- resistance-tuned 

circuit used in this instrument is 
adapted from the famous -bp- 200 
series oscillators. It provides almost 
infinite attenuation at one chosen fre-
quency. All other frequencies are 
passed at the normal 20 db gain of 
the amplifier. Figure 1 shows how at-
tenuation of approximately 80 db is 
achieved at any pre-selected point be-
tween 20 cps and 20 kc. Rejection is 
so sharp that second and higher har-
monics are attenuated less than 10%. 

Full -Fledged Voltmeter 

As a high- impedance, wide-range, 
high-sensitivity vacuum tube voltme-
ter, this -bp- 330B gives precision 
response flat at any frequency from 
10 cps to 100 kc. Nine full-scale 

d rIBISTORTION 

ANALYZER 

CHECK THESE SEVEN 

IMPORTANT FUNCTI ONS: 

1. Measures total audio 
distortion. 

2. Checks distortion of 
modulated r-f carrier. 

3. Determines voltage level, 
power output. 

4. Measures amplifier gain and 
response. 

5. Directly measures audio noise 
and hum. 

6. Determines unknown audio 
frequencies. 

7. Serves as high-gain, wide-
band stabilized amplifier. 

ranges are provided: .03, .1, .3, 1.0, 
3.0, 10, 30, 100 and 300. Calibration 
from +2 to —12 db is provided, and 
ranges are related in 10 db steps. 
The amplifier of the instrument can 

be used in cascade with the vacuum 
tube voltmeter to increase its sensitiv-
ity 100 times for noise and hum 
measurements. 
Accuracy throughout is approxi-

mately -±-3% and is unaffected by 
changing of tubes or line voltage var-
iations. Output of the voltmeter has 
terminals for connection to an oscil-
loscope, to permit visual presentation 
of wave under measurement. 

Measures Direct From R-F Carrier 

The -hp- 33013 incorporates a linear 
r-f detector to rectify the transmitted 
carrier, and input circuits are contin-
uously variable from 500 Ice to 60 mc 
in 6 bands. 
Ease of operation, universal appli-

cability, great stability and light 
weight of this unique -hp- 330B Ana-
lyzer make it ideal for almost any 
audio measurement in laboratory, 
broadcast or production line work. 
Full details are immediately avail-
able. Write or wire for them—today 
Hewlett-Packard Company, 1437D 
Page Mill Road, Palo Alto, Calif. 

laboratory instruments 
F O R  

Noise and Distortion Analyzers  Ware Analyzers  Frequency Meters 

Audio Frequency Oscillators  Audio Signal Generators 

Amplifiers  Power Supplies  UHF Signal Generators  Attenuators 

Square Wove Generators  Frequency Standards  Electronic Tachometers 

Vacuum Tube Voltmeters 
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4 /Whet successful start 
with antaser 

ERIE'S FIRST 

TV STATION 

0 Says EDWARD LAMB, publisher of "The Erie Dis-
patch" and owner of TV Station WICU: 
"In bringing the only telecasting service to Erie, 

Penna., we insist on five prerequisites: (1) Best picto-
rial quality obtainable; (2) Adequate signal strength 
throughout area served; (3) Equipment operable by 

previously-inexperienced local personnel; (4) Depend-
able service, regardless; and (5) Equipment that, with 
minimum obsolescence, can be expanded in step with 

C ALL E N B  DU M O NT LA B ORA T ORI ES. INC 

4A 

J L News Gathering Organization 

t 

telecasting economics. 

"Du Mont equipment fulfills that bill. And so Station 

WICU was, is and will continue to be Du Mont-
equipped." 

Regardless what your telecasting start may be — 
leading metropolitan TV station or network studios, or 
again the small-town independent TV station—you can 
always count on Du Mont -know-how" for economically-
safe-and-sound guidance. 

7 01-746;ie 47 -eif/td- .4;7e. 

DU MONT LABORATORIES, INC.  • TELEVISION EQUIPMENT DIVISION, 42 HARDING AVE., CLIFTON, N. J.  • DU MONT NETWORK AND 
WABD, 515 MADISON AVE., NE W YORK 22, N. Y.  •  DU  MONT'S JOHN WANAMAKER TELEVISION STUDIOS, NE W YORK ,3, N. Y. 

W TTG, WASHINGTON, D. C.  • STATION WDTv, FITTSBURGII, PA.  • HOME OFFICES AND PLANTS, PASSAIC AND EAST PATERSON, N. J. 
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ILLUSTRATIONS APPROXIMATELY ACTUAL SIZE 

srAedio COMPONENTS - 

BPD's (Disks) and BPF's (Flats) 

for SPACE SAVING and ECONO MY 

HI-C1 Disk and Fli-C1 Flat Ceramic Capacitors fre-
quently save space simply because their physical shape 
is more adaptable than tubular units ... and even more 
frequently because one of them serves in place of two, 
three or more individual capacitors. The multiple units 
also simplify soldering and wiring operations and thus 
effect substantial production economies. 
These are just a few of the many types of 14.-Q 

Components which are setting the highest possible 
standards for Precision, Quality, Uniformity and Mini-
aturization. Our engineers are always available to 
work with you in developing capacitors or combina-
tions of capacitors to best meet your specific needs. 
Please feel free to call on us at any time. 

• He-Q BPD'e (Disks) are available in capacities of from .001 
mf. to .01 mf. Dual units range from 2x.001 mf. to 2x.005 
mf. Triple units are supplied in standard rating of 3x.0015 
mf. and 3x.002 mf. All are guaranteed minimum values.  

•   Iii-G1 BPFs (Flats) can be produced in an unlimited range 
of capacities. The number of capacities on a plate is limited 
only by the "K" of the material and the physical size of the 

unit. They do not necessarily have to have a 
common ground as is the case 

from row material lo finished 

with the disk type. 

pmHEcisio l resc (,ed  „op  by  sClep  

product. BETTER 4 

fancy of 
uoranteed to yOur specified tolerance. 

pOlti n ..,NErsi Is 

DEPENDABILITY Interpret 
satisfaction ... Year after 

this factor in terms of your customers' 

W A YS 

UNIFORMITY Cons 

qualify is maintained over entire production through continuous manufacturing controls. 

Our Hi-C) makes Your Product better. 

once. 

year of trouble-free 

BUNIATURIZATION The smallest BIG VALLIE components in the business make iiessible space saving 
your production  increase your profits  Perform 

reduce 
factors sir ' 

, 

HIA-Ok Reeteretace efnic 
I IPANKLINVILLE, N.Y. 

Plants. Franklinyille, N.Y. — Jessup, Pa. —  Myrtle Beach, S. C. 

Sales Offices New York, Philadelphia, Detroit, Chicago, Los Angeles 

PROCEEDINGS OF TIIE 1k 1 



Outstanding, _fdrantages 
of the new 

Mallory Spiral Inductuner: 

1. .4 single control for easy selec-
tion and fine tuning of any tele-
vision or 1,11 channeE 

2. Excellent stability eliminates 
frequency drift. 

3. Supplied in three or four-sec-
tion designs. 

I. Far more quiet operation: free 
from microphonics. 

5. Greater selectivity on high fre-
quency channels. 

6. Eliminates "bunching'. of high 
band channels. Corers entire 
range in only six turns. 

7. Simplifies front end design and 
production. 

8. Reduces assembly costs. 

*Reg. trade mark of I'. R. Illallory N.- Co., Inc. 
for inductance tuning device,  by 
Mallory-il'are patents. 

NEW 

Mallory Spiral Inductuner* 
Gives Better Performance 

at Lower Costs! 
There are hundreds of thousands of Mallory Inductuners in 

use today—all giving trouble-free service. And now, the new 
Mallory Spiral Inductuner is the biggest news in television for 
better performance and lower cost. 

You can eliminate many costly methods on your assembly 

line with the new Mallory Spiral Inductuner. It permits faster 

alignment and far simpler front end design and assembly 
than any other system. 

The Mallory Spiral Inductuner provides for infinitely accurate 

selection from 54 to 216 megacycles ... gives FM tuning at 
no extra cost! 

Check the advantages of the Mallory Spiral Inductuner. Im-
prove the performance of your sets, and step ahead of com-
petition at the same time at a cost that will surprise you. 

Get in touch with Mallory now for complete information. 

Precision Electronic Parts— Switches, Controls, Resistors 

MALLORY 
P. R. MALLORY & CO., Inc. 

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

SERVING INDUSTRY WITH 

Capacitors 

Contacts 

Controls 

Rectifiers 

Switches 

Vibrators 

Power Supplies 

Resistance Welding Materials 

oA 
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TV Monitor Console 
• • • • • • • • • • • • • • • • 

Desk Panel Cabinet Rack 

• • • • • • S • • • • • • • • • • 

ill 

How Karp Makes 

Custom-Built Metal Cabinets 

and Boxes at Prices that Compete 
with those of Stock Items  • • • 

The advantages and true economies of Karp custom-built cabinets, boxes, or 
housings over stock items are these: 

4' Your own exclusive design distinguishes and "styles" your product ... gives 
it more market value. 

• Flexibility of construction details speeds and simplifies your final assembly 
—saving you time and money. 

• Our vast stock of dies can save you special die costs. 

• Our 70,000 square feet of modern plant, with hundreds of craftsmen, means 
ample capacity for many types of work—simple or elaborate—at one time. 

• Plant is fully equipped with every mechanical facility that aids economical 
production. 

• Finishing is done in dustproof paint shop, with latest water-washed spray 
booths and gas-fired ovens mechanically and electronically controlled. 

• We make no stock items or products of our own. Our plant, time and effort 
are 100% for our customers' work. 

• Our engineering staff can help solve any possible design and production 
problems. 

• It's results that count—and we give you the results you want. 

Write for illustrated data book describing our facilities and showing the wide 
range of sheet metal fabrication we do. 

CABINETS • BOXES • CHASSIS • HOUSINGS • ENCLOSURES 

44414001;00 •34 

Induction Heater Housing 

• • • • • • • • • • • • • • 

Chassis 

* S * • • • • • • • • • •  • • 

KARP METAL PRODUCTS CO., INC. 
223 63rd STREET, BROOKLYN 20, NE W YORK 

c  1/ 1 6,4 4,,, rek, vr.,„, ..„  .11ieel 

Marine Radio Housing 

***** •• 5555555555 

Cabinet 
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Pin point accuracy Is 

And IRC provides it. Witness leading 

manufacturers who specify IRC resistors 

for advanced electronic circuits. In 

instrumentation and industrial 

applications, IRC resistors excel in 

every important characteristic. 

IN CRITICAL INSTRUMENTATION, IRC Pre-
cision Wire Wounds offer a fine balance of 

accuracy and  dependability. Tolerances of 

1% are standard, but 1/2%, 1/4 % and 1/10 % 

are available. IRC Precisions also afford maxi-

mum temperature coefficient of .002 % per  C. 

at no extra cost. And in addition, their design 

and conshuction assure stability —even where 

recurring surges are encountered. Labels are 

acetate. May we send you complete technical 
data 2 Just check the coupon. 



essential 
. M1 0 03  WW2 • 

ACCURACY AND ECONOMY in close tolerance 
applications make IRC Deposited Carbon 

PRECISTORS ideal for television and similar cir-

cuits. They are outstanding in their ability to 

provide dependable performance in circuits where 

the characteristics of carbon composition resistors 

are unsuitable and wire-wound precisions too 

expensive. Manufactured in two sizes, 200 ohms 

to 20 megohms in 1%, 2% and 5% tolerance. 

Coupon brings full details. 

INTERNATI ONAL 
RESISTANCE COMPANY 
401 N. Broad Street, Philadelphia 8, Pa. 

In Canada Int•r noti on ol R oblit o nt • C o., Ltd., Tor o nto, Lic•nsee 

SEALED PRECISION Voltmeter Multipliers find 
many critical applications such as are encountered 

in marine service because of absolute dependa-

bility under the most severe humidity conditions. 
Type MF's are compact, rugged, stable, fully 
moisture proof and easy to install. They consist of 

individual wire wound precision resistors, mounted, 
interconnected and encased in glazed ceramic 

tubes —and these may be either inductive or 
non-inductive, for use on AC as well as DC. Send 

coupon for technical data bulletin. 

MATCHED PAIR Resistors afford a low-cost solution to 
many close tolerance requirements. They are widely 

used as dependable meter multipliers. Two insulated 
IRC resistors are matched in series or parallel to as 

close as 1% initial accuracy. Both JAN-R-11 approved 

Advanced BT resistors and low-range BW insulated 
wire wounds are available in Matched Pairs. Use Cie 

coupon to send for Bulletin B-3. 

For fast, local service on standard IRC resistors, e  
simply phone your IRC Distributor. IRC's 
Industrial Service Plan keeps him well supplied 
with the most popular types and ranges— 
enables him to give you prompt, round-the-
corner delivery. We'll be glad to send you his 
name and address. 

Wow" -tk Ouatt, Sof -ivvv-

Power Resistors • Voltmeter Multipliers 
• Insulated Composition Resistors Low 
Wattage Wire Wounds • Controls 
• Rheostats • Voltage Dividers • 
Precisions • Deposited Carbon 
Precistors • HF and High Voltage 
Resistors • Insulated Chokes 

li n 

INTERNATIONAL RESISTANCE CO. 
405 N. BROAD ST., PHILADELPHIA I, PA. 
Please send me complete information on the items checked below: 

I 1 Precision Wire Wounds IIj  Deposited Carbon Precistors 
[1 Wire Wound Controls 11 Voltmeter Multipliers 

El Matched Pair Resistors n Name of Local IRC Distributor 
NAME 

TITLE   

COMPANY 

ADDRESS  



INSTRUMENT C4 w 9ce 
SOCIETY HOLDS 

ledede4 &lee aid 4th CONFERENCE 

AND SHOW! 
... WHEN C.T.C.'s CUSTOM 

ENGINEERING SERVICE 
HANDLES YOUR PROBLEMS 

"111104..11r, 

A snap-on covered multi-contact terminal board assembly constructed of 
approved materials to meet a c'ient's special requirements 

When one of our customers ap-
proached us with a terminal board 
problem a short time ago, the re-
quirements were such that no 
standard board could be found to 
do the job. 
And that's where C.T.C.'s Cus-

tom Engineering Service went to 
work. The result: the board you 
see above. 
This is just one of many ex-

amples in which C.T.C. Custom 
Engineering has produced results 
for electronic and radio manufac-
turers. We are equipped to pro-
duce assembled terminal boards of 
almost any description using any 
approved material . . . terminal 
lugs designed and produced to 
your special requirements in any 
needed quantity . . . coils and 
chokes of whatever capacities and 
characteristics you may need. 

Combination lug. 
Screw on top . . . 
solder terminal be-
low. Designed as 
rugged  swaged 
terminal for top & 
bottom wiring ap-
plications. 

C.T.C. is prepared to meet any special re-
quirements you may have for terminal lugs. 

Our engineers will gladly design lugs to fill 
your needs and produce them in quantity. 

Hi  0  oscillator 
cod —  mode to 
close  tolerances 
mounts directly on 
bond switch. 

C. T. C. hag 
helped many 
manufacturers 

in designing special coils and chokes to meet 
individual conditions. Can we be of service to 
you? Well see your problem through from 
design board to production. 

Sim 

Cridom e14 gkanelatet 
Tiie (6eret?etirleeet 
ComAcnen6 

Swoger  Short  Split  Turret 

Double-End Terminal  Coil 
Lugs  Board 

CAMBRIDGE THERMIONIC CORP. 
456 Concord Ave., Cambridge 38, Mass. 

—a 

lit I Nicsidoci..- I roo m 

.tre invited to St. Louts, 
September 12-16, 1949 

to attend this five day conference on all 
phases of instrumentation. Members will 
be registered free as IRE is a co-spon-
soring society. Invitations will be mailed 
in advance to Region V members. 
The beautiful Kiel Auditorium will be 

used for all sessions and the Exhibitions, 
including the National Telemetering Forum, 
Sept. 12 and 13, on telemetering activities 
relating to airborne and ground equipment, 
design, production and testing, and general 
theory; particularly as applicable to rocket 

instrumentation and similar work. 
AIEE will conduct an Electronic Instru-

mentation Session, Sept. 15, and one on 
Electrical Instruments and Measurements, 
Sept. 16. 

ASME will hold sessions Sept. 13 and 14 
on Industrial Instruments and Regulators, 
one paper of which is "The Attenuation of 
Oscillatory Pressures. in Instrument Lines," 
by Arthur S. Iberoll, Bureau of Standards. 
The American Institute of Physics has 

,scheduled papers on Scientific Instruments 
for Sept. 12 and 13, including several of 
importance on nucleonic instrumentation. 
The Instrument Society sessions are ex-

tensive and cover the fields of Instrument 
Maintenance, Inspection and Gaging, Trans-
portation Instruments and Instruments for 
Testing. 

For  a detailed, program,  write  to 
William C. Copp, IRE Adv. Dept., 303 
%Vest 42nd St., New York 18, N.Y. 

1949 IRE West Coast 

Convention and 

Pacific Electronic 

Exposition 

Aug. 30 to Sept. 2, 1949 

Civic Auditorium 

San Francisco, Calif. 

IRE Regional Meetings 

Accelerate Electronic 

Progress 
10a 
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A NE W 
2- WATT TYPE 

...to meet JAN and other exacting specifications 

Only 1;,- long by 1Y in diameter. Range 

from 10 to 100,000 ohms in tolerances 
of ± 5, 10 or 20c-c. Fully insulated and 

highly moisture resistant. 

FIXED RESISTORS 
Stackpole fixed resistors of molded carbon composition are now avail-

able in a complete range of 1/2-, 1- and 2-watt sizes to match modern 

design and production requirements. Deliveries are good—quality and 

prices are right—and Stackpole engineers welcome the opportunity 

to cooperate in matching your specifications to the letter. Samples to 

quantity users on request. 

ELECTRONIC COMPONENTS DIVISION 

STACKPOLE CARBON COMPANY • ST. MARYS, PA. 

FIXED AND VARIABLE RESISTORS  • IRON CORES  • SINTERED ALNICO II 

PER MANENT MAGNETS  •  INEXPENSIVE LINE AND SLIDE SWITCHES  • CONTACTS  •  BRUSHES 

F R ALL ROTATING ELECTRICAL EQUIPMENT  and dozens of carbon and graphite specialties 

iCICEEDINGS C.* THL I.R.E.  Amason, l94v  1 1 \ 



A 
Meeting FM and TV Needs for 

WRVB, Richmond, Virginia 
• Rising high above the Tideland, this Truscon Self. 
Supporting Steel Radio Tower helps flash the cream 
of FM and TV entertainment to a great circle of 
Virginia audiences. The business end of this slender 
steel beauty mounts both an R.C.A. 2-section pylon 
FM antenna, and an R.C.A. 6-section TV antenna. 

This outstanding installation emphasizes again the fact 
that every Truscon Steel Radio Tower is fitted exactly 
to its specific location. Truscon Radio Towers today are 
operating faithfully under world-wide extremes of 
weather .. . under almost every possible combination 

'11164% 

44 1• 

111 

/NJ 

P61%41  4haut 

Alba 

5111,0 

Ar.,401•4, 
r  N 

a ,60- ae/Z4 11 
TRUSCON 

TOWER OF STRENGTH   

485 F1. 
HIGH  - 

OVERALL 

CROSS SECTION GUYED 

of temperature, humidity and wind conditions ... in 
mountains, deserts, plains and coastal areas. 

Truscon engineers are ready now to put their vast 
experience at your service—ready to design and erect 
just the tower you need for AM, FM and TV broad-

casting ... tall or small, guyed or self-supporting, of 
uniform or tapered cross-section. Call the Truscon 
office nearest you or write our home office in 
Youngstown. There is no obligation. 

TRUSCON STEEL CO MPANY 
YOU N GSTO W N  1, OHI O 

Subsichary of R-public Steel Corporation 

R 
:  I ll //  

7 1 

, 
SELF-SUPPORTING 

TOWERS AND UNIFORM 



EL- MENCO'S PLACE I I I YOUR PRODUCT 

Wherever fixed mica dielectric capacitors are used, 
the first choice with men of experience is always El-Menco 

Precision-made under rigid condi-
tions, tested seven ways to meet strict 
Army-Navy standards, thoroughly im-
pregnated and provided in water-sealed 
low-loss bakelite; these tiny capacitors 

protect and maintain your reputation for 
quality equipment. To insure perform-
ance-excellence, place El-Alenco capaci-
tors in your product. Results will prove 
El-Menco to be a wise choice. 

THE ELECTRO MOTIVE MFG. CO., Inc. 
WILLIMANTIC  CONNECTICUT 

M OLDED MICA 

CM 15 MINIATURE CAPACITOR 

Actual Size -22,1"x 
For Radio, Television and Other 
Electronic Applications 

2 to 420 mmf. capacity at 500% DCw 
2 to 525 mmf. capacity at 300v DCw 
Temp. Co-efficient ±50 parts per 
million per degree C for most 
capacity values 
6-dot standard color coded 

Write on your firm letterhead for 
Catalog and Samples 

enc 
CAPACIT O RS 

MICA TRI M MER 

FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC, CONN. 

ARCO ELECTRONICS, INC. 135 Liberty St., New York, N. Y.— Sole Agent for Jobbers and Distributors in U.S. and Canada 
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NE WS and NE W PRODUCTS 
T(;t ST, P)49 

50-Mc TV Oscilloscope 
The F.1.1.--32A a broad-band TV os-

cilloscope, which records wave forms hav-
ing frequency components as high as 50 
Mc and as low as 10 cps, is presented by 
Federal Telecommunications Labs., Inc., 
500 Washington Ave., Nutley 10, N. J. 

This wide-band frequency response is 
obtained with sufficient amplification to 
provide deflection sensitivity of 0.1 peak-
to-peak volts per inch. The horizontal 
amplifier has a bandwidth of 10 cps to 10 
Mc. 
Both repetitive and triggered sweeps 

are incorporated with time durations con-
sistent with the 50 Mc bandwidth. Syn-
chronization from an internal or external 
source is independent of the synchroniza-
tion signal amplitude, provided a mini-
mum of 0.1 volt Is exceeded. 

New Traveling-Wave 
Amplifier 

A new addition to their line, Model 202 
Wide Band Chain Amplifier, a traveling-
wave type, is announced by Spencer-
Kennedy Labs., Inc., 186 Massachusetts 
Ave., Cambridge 39, Mass. 

The model 202 has 2 stages of six 
6AK5 tubes, gain of 20 db, bandwidth of 
200 Mc. SWR is less than 1.5 db, and 
transmission characteristic is ± 1.5 db 
from 100 kc to 200 Mc at an impedance 
level of 200 ohms. 
The amplifier employs a traveling-wave 

circuit to achieve its wide bandwidth; thus 
it is adaptable for use with signal, pulse, 
and sweep generators, vacuum-tube volt-
meters, and TV test equipment. 

These manufacturers have invited  PRO-
CEEDINGS readers to write for literature 
and further technical information. Please 
mention your I.R.E. affiliation. 

Sensitive Multiple-Intensifier 
Type Cr Tube 

A new multiple-intensifier type cath-
ode-ray tube featuring a highly sensitive 
vertical-deflection system, and known a. 
the Type 5XP-, is announced by Allen B. 
Du Mont Laboratories, Inc., Instrument 
Div., 1000 Main Ave., Clifton, N I 

Potentills as low as 24 to 36 volts 
peak-to-peak are sufficient for 1" vertical 
deflection on the screen. Even though the 
Type 5XP employs high accelerating po-
tentials, the manufacturer claims its de-
flection factor for plate-pair D3-D4 is but 
one-third of the deflection factor of similar 
tubes operating at low accelerating po-
tentials. 
A new type of deflection-plate struc-

ture is used in which the length of one 
pair of plates is considerably increased 
while the width is decreased. Because of 
this  new  deflection-plate  design,  the 
greater sensitivity of the tube is achieved 
with a plate-to-plate capacitance of only 
1.7 wif. A r increase in the over-all length 
of the tube is also a contributing factor 
to the high deflection sett-it ivity. 

Improved Glass-Metal Seal 
for Waveguide Windows 
Glass vtaveguide windows, designed to 

permit silver soldering (without damage) 
to micro-waveguide systems operating at 
frequencies from 3,000 to 40,000 Mc, 
have been announced by Electronics Div., 
Sylvania Electric Products Inc., 500 Fifth 
Ave., New York 18, N. Y. 

Development of these re,onant. a III-
dows, in which glass stress is eliminated at 
relatively high temperature differentials 
required for soldering, makes available a 
wide range of window shapes and outside 
contours, for narrow- and wide-band trans-
missions. Power losses range from 0.02 
to 0.1 db. For frequencies above 3,500 Mc, 
the windows will stand pressures up to 
65 pounds per square inch absolute. 

Continuous Loop Drive 
Tape Recorder 
Mechanism 

Continual repetition of any recorded 
message, from 4 seconds to 10 minute, 
duration, is possible through the use of a 
continuous loop drive mechanism, avail-
able as optional equipment on any standard 
Twin-Trax Tape recorder, by Twin-Trax 
Div., Amplifier Corp. of America, 398-1 
Broadway, New York 13, N. Y. 

This mechanism is detachable to facili-
tate installation on previously purchased 
Twin-Trax models. 
Two variations of the drive are avail-

able. The model CL-3 will record and play 
back information from 4 seconds to 3 
minutes in duration. During operation, a 
sufficient length of tape is spooled on a 
stationary hub. The inside layer of tape is 
fed through a slot in the hub, past an idler, 
past the record-playback head, and sub-
sequently engaged by the pulling capstan. 
The beginning of the tape is then joined to 
the end to form a continuous loop which 
will continue to repeat until it is manually 
or automatically shut off. 
Model CI-10 will reproduce informa-

tion from 4 seconds to 10 minutes, and op-
erates on the same principle, but utilizes a 
storage system with lower inherent friction 
which is accomplished with ball bearing 
rollers. 

(Continued on page 24A) 
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PREDICT Crystal Oscillator Operation with the 

LAVOIE CRYSTAL IMPEDANCE METER 

971ods_L 50. 

M ad. 51. 

LO W CAPACITY 

oNcRE4SE 

folo  • , OVIM MT  , 

I.(  , 

IntaEASE 

of 

1.111- ).44 14;54 2.-,5-7 .0, 
L25-2. 38.  d3.111-10 

0 It-IS.  - - 141-154) 

ntGACTGLIS 

Frequency range, 76 kc to 1100 kr with provision for plug in coils. 
Maximum resistance, 29,900 ohms (3 place setting). 

Frequency- range, 820 kr to 15 mc. 
Maximum resistance, 2,990 ohms (3 place setting). 

PON\ ER ... 115 V 60 CPS  SIZE ... 7"x19"x7 7/8"  WEIGHT ... 21 LBS., 12 OZS. 

CONTROLS AND INDICATIONS 
CRYSTAL ACTIVITY RESISTANCE ADJUSTMENT  FREQUENCY ADJUSTMENT (COARSE AND FINE) 

LOAD CAPACITANCE 
GRID CURRENT 

CRYSTAL-RESISTOR SELECTION SWITCH 

•  • 

•  • 

CRYSTAL VOLTAGE MEASURING POINTS 
SERIES RESONANCE — PARALLEL RESONANCE 

CRYSTAL CURRENT (MODEL 51 ONLY) 

Measures parameters of piezoelectric crystals sufficient to pre-
dict quality and operation properties of oscillators in which they 
will be used. 
Measurements of a crystal resistance can be made at either 

the series or anti resonant frequency of the crystal. An indica-
tion of the equivalent resistance of a crystal is an indication of 
the quality of the crystal. The Cl meter yields a measurement 
of crystal activity in terms of ohmic resistance. This is in contrast 
to previous measurements of crystal quality in terms of arbitrary 
activity in a standard oscillator. At present, Government specifi-
cations on crystal units specify a maximum allowable series 
resonant resistance. 
The Crystal Impedance Meter consists of a tuned oscillator 

with the crystal unit connected in the feedback path. A switch-
ing arrangement is provided whereby a condenser may or may 
not be used in series with the crystal. This condenser is calibrated 
and is used to simulate load capacity when the crystal resistance 
is to be measured at the anti resonant frequency of the crystal. 
The condenser is shorted when the series resonant resistance of 

the crystal is measured. In addition, a switching arrangement is 
provided to substitute three banks of calibrated decade resistors 
into the feedback path replacing the crystal. A grid current 
meter is provided as an indication of oscillator activity with 
either crystal or resistance in the feedback path of the oscillator. 

In addition to the crystal switching circuit, the calibrated 
decade switches, frequency controls, the variable capacitor in 
the crystal circuit, and the oscillator grid current meter, a 
control which varies oscillator activity, and thereby crystal cur-
rent, is provided in both models 50 and•5I. A crystal current 
meter is provided in model 51 only. 

The series and anti resonant frequencies of crystals can be 
measured with conventional frequency measuring equipment. 
With frequency measuring equipment and a VTVM, simple 
measurements and calculations can be made to yield crystal 
voltage at either series or anti resonant operation, the series 
inductance of the crystal, the series capacitance of the crystal, 
and the Performance Index of the crystal. 

ZavoieXaloratvria 
RADIO ENGINEERS AND MANUFACTURERS 

MORGANVILLE. N. J. 

Specialists in the Development and Manufacture of UHF Equipment 
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T HE FUTURE HOLDS GIt E.11. PRO MISE 

Neither chance nor mere good fortune 
has brought this nation the finest tele-
phone service in the world. The service 
Americans enjoy in such abundance is 
directly the product of their own imag-
ination, enterprise and common sense. 

The people of America have put bil-
lions of dollars of their savings into 
building their telephone system. They 
have learned more and more ways to use 
the telephone to advantage, and have 
continuously encouraged invention and 
initiative to find new paths toward new 
horizons. 

They have made the rendering of 
telephone service a public trust; at the 
same time, they have given the tele-
phone companies, under regulation, the 
freedom and resources they must have 
to do their job as well as possible. 

IN THIS climate of freedom and re-
sponsibility, the Bell System has pro-
vided service of steadily increasing value 
to more and more people. Our policy, 
often stated, is to give the best possible 
service at the lowest cost consistent with 
financial safety and fair treatment of 
employees. We are organized as we are 
in order to carry that policy out. 

BELL Telephone Laboratories lead the 
world in improving communication 
devices and techniques. 

Western Electric Company provides 
the Bell operating companies with tele-
phone equipment of the highest qual-
ity at reasonable prices, and can always 
be counted on in emergencies to de-
liver the goods whenever and wherever 
needed. 

The operating telephone companies 
and the parent company work together 
so that improvements in one place may 
spread quickly to others. Because all 
units of the System have the same serv-
ice goals, great benefits flow to the 
public. 

Similarly, the financial good health 
of the Bell System over a period of many 
years has been to the advantage of the 
public no less than the stockholders and 
employees. 

It is equally essential and in the pub-
lic interest that telephone rates and 
earnings now and in the future be ade-
quate to continue to pay good wages, 
protect the billions of dollars of savings 
invested in the System, and attract the 

new capital needed to meet the service 
opportunities and responsibilities ahead. 

There is a tremendous amount of 
work to be done in the near future and 
the System's technical and human re-
sources to do it have never been better. 
'Our physical equipment is the best in 
history, though still heavily loaded, and 
we have many new and improved facili-
ties to incorporate in the plant. Em-
ployees are competent and courteous. 
The long-standing Bell System policy 
of making promotions from the ranks 
assures the continuing vigor of the 
organization. 

WTH these assets, with the traditional 
spirit of service to get the message 
through, and with confidence that the 
American people understand the need 
for maintaining on a sound financial 
basis the essential public services per-
formed by the Bell System, we look 
forward to providing a service better 
and more valuable in the future than 
at any time in the past. We pledge our 
utmost efforts to that end. 

LEROY A. WILSON, President 

American Telephone and Telegraph Company. 

(From the 1948 Annual Report.) 

BELL TELEPHONE LABORATORIES EXPLORING  AND  INVENTING,  DEVISING 

AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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Basic shapes which have been 

extruded can be cut, machined, 

threaded, drilled in the un-

fired state. This combination of 

processes . . . all available 

under one roof. ... can prodke 

seemingly complex parts at 

prices favorable to your pro-

duction budget. Send us your 

blueprint for recommendations. 

extrusion 
Carefully controlled compositions extruded 

through precision made dies... a fast, 

economical production method for many 

shapes in Custom Made Technical Ceramics 

i 

One of several batteries of modern extrusion presses which give AlSiMag excep-
tional quality, favorable cost . . . and' facilities unmatched in the industry. 

AMERICAN  LAVA  CORPORATION 
4  8  T  H  Y E A R  0  F  C E R  A  M  I  C  L E A D E R  S H I P 

CH ATTA N O O G A  5,  TE N NESSEE 

OFFICES: METROPOLITAN AREA: 671 Broad St., Newark, N.)., Mitchell 2-8159  •  CHICAGO, 9 South Clinton St., Central 6-1721 
PHILADELPHIA,  1649  North  Broad  Street,  Stevenson  4-2823  •  LOS  ANGELES,  232  South  Hill  Street,  Mutual  9076 
NEW ENGLAND, 313-B Brattle St., Cambridge,  Mass., Kirkland 7-4498  •  ST.  LOUIS,  1123 Washington Ave., Garfield 4959 



With the increasing demand for higher powers at higher 
frequencies the importance of close relationship between 
tube and circuit design has become paramount. 

A large segment of the laboratory facilities at Eitel-
McCullough is concerned with the development of basic new 
circuits closely correlated with vacuum tube development. 
The efforts of this group are receiving wide recognition for 
their outstanding accomplishments. These new circuits are 
being made available, as developed, to the industry enabling 
greater realization of a vacuum tube's potential abilities. 

Evidence of these efforts is illustrated above . . . A 14-
tube annular r-f generator. This compact equipment can 
provide 500 watts of CW power at 1000-Mc, and has operat-
ing possibilities as high as 2500-Mc. This is but one appli-
cation of the basic annular circuit design developed by Eimac. 
The power-output in such a generator is directly proportional 
to the number of tubes used, and single tube efficiency is 
maintained. 

EITEL-McCULLOUGH  INC. 

1FA 

728 SAN MATEO AVE., SAN BRUNO, CALIFORNIA 
Export Agents. Fr   & Hansen, 301 Clay St., San Francisco, California 
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*  HELIPOTS ARE AVAILABLE IN M ANY SIZES 

MODEL A-5 watts, incorporating 10 helical turns and a slide wire 
loligth of 46 inches, case diameter 1%", la available with resistance 
vidues from 10 ohms to 300,000 ohms. 

MODEL B-10 watts, with 15 helical turns and 146" slide wire. MOW 
diameter 8',4", is available with resistance values from 50 ohms to 
500,000 ohms. 

MODEL C-2 watts, with 3 helical turns and 1394" ell & wire, cue 
diameter 1%", available In resistances from 5 ohms to 50,000 ohms. 

MODEL D-15 watts with 25 helical turns and 234" slide wire, case 
diameter 3%", available In resistances from 100 ohms to 75,000 ohms. 

MODEL E 20 watts, with 40 helical turns and 373" 'lido wire, ease 
diameter 314" Is available with resistance values from 200 ohms to 
1,000,000 ohms. 

Oilier types and designs of Potentiometers available. 

a l e /  
Here's the Helipot Principle that is Revolutionizing 
Potentiometer Control in Today's Electronic Circuits 

CO NVE NTI O NAL POTE NTI O METERS have a coil dia meter 

of approxi mately 1 ." and provide only 4" (about 300 ) 

of potentio meter slide wire control. 

Cutaway view of the Helipot 

THE BECK MA N HELIP OT has the sa me coil dia meter, yet 

gives up to 46" (3600 )* of potentio meter slide wire con. 

trol —nearly TWELVE times as much! 

Some of the multiple Helipot advantages 

EXTENSIVELY used on precision electronic equipment 
during the war, the Helipot is now being widely adopted 

by manufacturers of quality electronic equipment to increase the 
accuracy, convenience and utility of their instruments. The Helipot 
permits much finer adjustment of circuits and greater accuracy in 
resistance control. It permits simplifying controls and eliminating 
extra knobs. Its low-torque characteristics (only one inch-ounce 
starting torque*, running torque even less) make the Helipot ideal 
for power-driven operations, Servo mechanisms, etc. 

And one of the most important Helipot advantages is its 
unusually accurate linearity. The Helipot tolerance for deviations 
from true linearity is normally held to within + 0.5%, while pre-
cision units are available with tolerances held to 0.1%, .05%, and 
even less—an accuracy heretofore obtainable only in costly and 
delicate laboratory apparatus. 

The HPlipot is available in a wide range of types and resis-
tances to meet the requirements of many applications, and its 
versatile design permits ready adaptation of a variety of special 
features, as may be called for in meeting new problems of resis-
tance control. Let us study your potentiometer-rheostat problem 
and make recommendations on the application of Helipot advair 
tages to your equipment. No obligation of course. Write today. 

's Data h for Model A !Mit 

Send for the Ne w Helipot Booklet! 

THE Helipot CORPORATION, SOUTH PASEDENA 6, CALIFORNIA 
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FIXED RESISTORS 

aurr 

In all standard R.M.A. values as follows - 1/2  watt from 10 ohms 
to 22 megohms; 1 watt from 2.7 ohms to 22 megohms; 2 watt 
from 10 ohms to 22 megohms. Small in size; tops in quality. 

ADJUSTABLE RESISTORS 

Type J Bradleyometers can produce any 

resistance-rotation curve. Resistor element 

is solid-molded as a one-piece ring that is 

unaffected by age, wear, heat, or moisture. 
Can be supplied in single-, dual-, or triple. 

unit construction for rheostat or potenti-

ometer applications. Built-in line switch is 

optional on single or dual types. 

 414 
SMALL CONTACTORS 

Bulletin 700 Universal Relays ore avail-

able in 10-amp rating with 2, 4, 6, and 

8 poles. Two contact banks permit quick 
changes from normally open to normally 

closed contacts. The double-break, sil-
ver-alloy contacts require no mainte-
nance. There are no pins, pivots, bear-
ings, or hinges to bind, stick, or corrode. 

TIMING RELAYS 

Bulletin 848 Timing Relays are ideal for any 

service requiring an adjustable, delayed-action 
relay. They have normally open or normally 
closed contacts. The magnetic core is restrained 
from rising by the piston in fluid dashpot. Ideal 

for transmitter plate voltage control. Time delay 

period of these relays is adjustable. 

LARGE CONTACTORS 

Bulletin 702 Solenoid Contactors are 

available for ratings up to 300 amperes. 

Arranged for 2- or 3-wire control with 
push buttons or automatic pilot devices. 

Enclosing cabinets furnished for all serv-
ice conditions. The double-break, silver-

alloy contacts need no maintenance. For 
complete  description and dimensions, 

please send for Bulletin 702. 

LIMIT SWITCHES 
Essential for safety inter-
locks on transmitter cabi-

nets. Also used for sequence 
switching, restricting ma-

chine motions, and starting, 

stopping, and reversing 

motors. Let us send you 
Bulletin 701-2. 

RESISTORS • RELAYS • CONTACTORS 
for Quality Electronic Equipment 

When you design an electronic device that 
must meet rigid performance specifications... 
your component parts must be "tops" in qual-
ity. For such applications, the leading electronic 
engineers use Allen-Bradley fixed and adjust-
able resistors; Allen-Bradley relays and con-
tactors; Allen-Bradley standard and precision 

Sold exclusively to manufacturers 

limit switches. Let us send you data on all items 
listed above. In war service and in peace-
time applications, Allen-Bradley components 
are the choice of electronic engineers for tele-
vision and radar circuits. 

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

of radio and electronic equipment 

ALLE  BRADLEY 
RESIST °  V'RELAYS 

20 \ 
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ER 
TUBES 

PACEMAKERS IN DESIGN 

ERVICE-PROVED 

LABLE IN A WIDE RANGE OF CAPACITIES 

M
ODULATION, amplification, final 

output, all need d-c power... 

continuous, dependable if off-the-air 

periods are to be avoided. Your rec-

tifier tubes are basic; good rectifier 

tubes make .for good broadcasting. 

So buy General Electric—buy the 

best! 
Design improvement is constant, 

with G-E rectifier types ever-new in 

their efficiency. For example, the 

new straight-side bulbs of Types 

GL-8008 and GL-673 give an 

increased temperature margin of 

safety; their slim contour also makes 

the tubes easier to handle, better to 

install. 

Future AM-FM-TV power-re-

quirement possibilities are matched 

GENERAL 

by new G-E designs, such as th 

GL-5630 ignitron for a-c to d-c con-

version. With this high-capacity tube 

it is possible to supply—economi-

cally, reliably —direct current in 

large amounts to broadcast trans-

mitters. 

If you build or design equipment, 

phone your nearby G-E electronics 

office for expert assistance in select-

ing the right G-E rectifier types. 

There are more than a doien from 

which to choose. If a station oper-

ator needing tubes for replacement, 

your local G-E tube distributor will 

be glad to serve you promptly, effi-

ciently, out of ample stocks on hand. 

Electronics Department, G en e ral Elec-

tric Company, Schenectady 5, N. Y. 

ELECTRI.q. 
FIRST AND GREATEST NA ME IN ELECTR ONICS 

Type  Cathode 
voltage 

GL-866-A 

GL-8008 

GI-673 

GL-869-B 

GL-857-B 

2.5 v 

5v 

5v 

5v 

Cathode 
current 

5 amp 

7.5 amp 

10 amp 

19 amp 

Anode peak 
voltage 

10,000 v 

10,000 v 

15,000 v 

20,000 v 

22,000 v 

Anode peak  Anode avg 
current  current 

0.25 amp 

1.25 amp 

1.5 amp 

2.5 amp 
("5 amp) 

10 amp 

GL-866-A 

GL-8008 
(also supplied 
with 50-watt 
base as Type 
61-872-A) 

GL-673 
ialso supplied 
with 50-watt 
base as Type 
61-575-A) 

GL-869-B 

GL-857-B 
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in communications... 

WILCOX SERVES THE GOVERNMENTS OF THE W ORLD 

Wherever airplanes fly—wherever lives depend on reliable communications 

—you'll find WILCOX radio transmitting and receiving equipment. From the 

Scandinavian countries to New Zealand.. .from Portugal to Pakistan, the govern-

ments of the world select WILCOX because of its proven performance under all 

extremes of climate, temperature, and humidity. 

As with many governments, WILCOX is being used by the United States 

government in the basic communication systems for the Air Force, Signal Corps, 

and the Civil Aeronautics Authority. 

The governments of the world have spanned the globe with WILCOX com-

munications. From the Berlin Airlift to the Orient.. WILCOX equipments carry the 

messages that help keep freedom a vital force in the turbulent affairs of the world. 

WRITE TODAY... for complete information on all types of point-to-point, 

air-borne, ground station, or shore-to-ship communications equipment. 

WILCOX ELECTRIC COMPANY 
KANSAS CITY 

MISS OURI 
22‘ 
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ITU PIC•SO 
A MINIATURE 

TWIN TRIODE WITH 

UNEQUALLED PERFORMA 
CAPABILITIES 

3 

Exceptionally high perveance and tremen-
dous reserve emission. 

Out-performs all other tubes of its class. 

Performance potential equivalent to two-
and-a-half times that of a 6SN7GT tube. 

On the Army-Navy Preferred List. 

RATINGS 
Interpreted according to RMA standard M8-210 

Heater Voltage  10%) 
Maximum Heater-Cathode Voltage 
Maximum Plate Voltage 
Maximum Inverse Plate Voltage 
Maximum Plate Dissipation (each unit) 
Maximum Total Plate Dissipation (both units) 
Maximum Bulb Temperature 
(at any part of envelope) 

Maximum DC Grid Current (each unit) 
Maximum External Grid Circuit Resistance 
(each unit) 

126 6.3 
90 
300 
1000 
4.2 
7.5 

220 

TUNG-SOL 
ELECTRON TUBES 

6 

VOLTS 
VOLTS 
VOLTS 
VOLTS 
WATTS 
WATTS 

MA. 

MEG. 

This high-performance general-purpose tube may be used as a power amplifier, as a cw, or pulsed 

oscillator, and as a cathode follower. It is equally useful 

in balanced circuits, as a modulator or a servo amplifier 

and in the countless other applications for which twin 
triodes are so suitable. It is painstakingly produced 

under laboratory conditions. Each part is individually 

inspected and tested and every step of assembly is 
rigidly held to highest standard. The result is excep-

tional uniformity and reliability. 

CHARACTERISTICS 
Class At Amplifier—Each Unit 

Heater Voltage 
Heater Current 
Plate Voltage 
Grid Voltage 
Plate Current 
Plate Resistance 
Transconductance 
Amplification Factor 
Grid Voltage (a pprox.) 
For lb-100 I1A 

120 
—2 
36 

1650 
11000 

18 

12.6  6.3 
450  900 

180 
—7 
23 

2750 
6400 
17.5 

VOLTS 
MA. 

250 VOLTS 
—12.5 VOLTS 

16 MA. 
4000 OHMS 
4100 I1MHOS 
16.5 

—10  —15  —21 VOLTS 

For more complete information about 
the 5687, write for these bulletins. 

The Tung-Sol engineering which has produced 
the 5687 is constantly at work on a multitude of 
special electron tube developments for industry. 
Many exceptionally efficient general and spe-
cial purpose tubes have resulted. Information 
about these and other types are available on 
request to Tung-Sol Commercial Engineering 
Department. 

TUNG-SOL LAMP WORKS INC., NEWARK 4, NEW JERSEY 
SALES OFFICES: ATLANTA  •  CHICAG O  •  DALLAS • DENVER • DETROIT  •  LOS ANGELES • NE WARK 

Also Mfra of, RECEIVING TUBES, MINIATURE INCANDESCENT LAMPS, ALL-GLASS SEALED SEAM HEADLIGHT LAMPS and CURRENT INTERMITTORS 

AUGUST, I WO 
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TRANSFORMER  MEG  Co 

Triad Transformers 

Now Stocked by 

Distributors 
Formerly Available 
Only as Components of 
Fine Electronic Equipment 
Thoroughly tested and proved by years of exacting performance 
requirements on original equipment, Triad Transformers are de-
signed and built to meet these specific applications: 

GINAL EQUIPMENT—TRIAD 'HS' transformers for original equipment 
embody superior techniques in transformer design and construc-
tion — power transformers of low temperature rise and good 
regulation—chokes of low resistance and high inductance—audio 
transformers of wide range both in frequency response and in 
power-handling capacity. Such transformers deserve the best in 
mechanical construction and protection against failure as exempli-
fied by TRIAD's perfected hermetic sealing. Quantity production 
of hermetically sealed transformers for our Armed Services under 
JAN specifications has resulted in improved production tech-
niques, and has lowered costs on these exceptionally long-lived 
units to permit their use in quality electronic apparatus. 

ACEMENT-TRIAD is a major source of transformers for radio 
and television manufacturers. TRIAD replacement transformers, 
therefore, incorporate many parts and features to make them 
readily and universally adaptable to vacant spots in these 
chassis. Features include: High-quality materials, permitting 
small size without excessive temperature rise; vacuum varnish 
impregnation of both coil and core, copper foil static shields in 
all power coils, heavy drawn steel cases with sturdy baked 
enamel finish,and high temperature UL approved lead materials. 

PHYSICAL-TRIAD "Geoformers" are individually calibrated compo-
nents for incorporation in 5-500 cycle measuring equipment of 
laboratory precision. Inductance is held within --t• 5% for the entire 
production and frequently within ± 2% for any given shipment 
of transformers. "Geoformers" incorporate hum-bucking coils and 
multiple alloy shielding for minimum pickup; are of minimum size 
and weight, and are vacuum-filled and hermetically sealed. 
Designs are based on years of specialization in this difficult field 
by pioneers in geophysical transformer design. Standard designs 
for use in the most used circuits are carried in stock at the factory 
and by TRIAD distributors. Complete specifications for "Geo-
formers"are given in TRIAD Bulletin GP-49, available on request. 

TEUR-TRIAD "Drer" line of amateur transformers have been built 
around high-production, low-cost, transformer parts and simple 
coil constructions. This permits designs employing liberal quanti-
ties of high-quality material, at reasonable cost. Simple one-pur-
pose designs with drawn steel cases and flexible leads eliminate 
much of the unnecessary cost involved in heavy castings and 
expensive tapped coil constructions, while still permitting exten-
sive use of finest materials essential to good transformer design. 

Write for Triad Transformer Catalog TR-49. Some ter-
ritories still open for qualified manufacturers agents. 

BOOTH 74 

5th Annual Pacific Electronic Exhibit 

August 30, 31 and September 1 

San Francisco Civic Auditorium 

2254 SEPULVEDA BLVD. • LOS ANGELES 25, CALIFORNIA 

News—New Prod ucts 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from rage 114) 

Dc Microammeter and 
Magnetic Amplifier 

A new microammeter, Type 100, de-
signed to measure low dc is announced by 
W. S. MacDonald Co., Inc., 33 University 
Rd., Cambridge 38, Mass. 

The Type 100 has an input resistance of 
50 ohms and a sensitivity of 1 ma full 
scale. The input may be overloaded I 
ampere without causing damage. Unlike 
high sensitivity galvanometers, this in-
strument is not sensitive to position or 
vibration. 
An output jack is provided so that the 

instrument can be used as dc amplifier; as 
such it will actuate a dl-ma 1,400-ohm re-
corder directly. 

Rf Alignment and TV 
Marker Generator 

A new addition to their line of test 
equipment, the Model 320 Signal Gen-
erator, is announced by Electronic Instru-
ment Co., Inc., 276 Newport St., Brook-
lyn 12, N. Y. 

Designed for use in all phases of the 
radio industry, the Model 320 may be used 
for FM-AM alignment and to provide TV 
marker frequencies. The meter features a 
Hartley oscillator with a range of of 150 kc 
to 100 Mc, with fundamentals to 34 Mc. 
A Colpitts type audio oscillator supplies 
400 cps sine wave voltage for modulation. 
As are the majority of Eico products, 

this model is also available,as a kit. 

(Continued on page 474) 
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LrsienJrthe words ll7i-cotscr-Ched by AMPEXdafte/r -the great sho-ws Ct radio 

Here's why 

he new series 300 

AMPEX 
MAGNETIC TAPE RECORDER 

answers industry need! 

Designed by engineers 
who had your engineering 
needs in mind! 

* Original progra m quality preserved 

Use of independent reproduction facilities allows instantaneous 
monitoring and makes possible the most stringent comparisons 
between recordings and originals. 

* Tape and playback noise non-existant 

Use of special record and bias circuits has eliminated tape noise.* 
Extreme care has been exercised to eliminate hum pick-up. 

* Editing m ade easy 

With Ampex editing is almost instantaneous. Single letters have 
been actually cut off the end of words. Scissors and scotch tape 

are all the tools needed. 
* You can depend on A mpex 

Read %. hat Frank Marx,V ice President in charge of Engineering, 
American Broadcasting Company, says: "For the past two years 
A.B.C. has successfully used magnetic tape for rebroadcast pur-
poses ...A.B.C. recorded on AMPEX in Chicago ...17 hours per 
day. For 2618 hours of playback time, the air time lost was less 
than 3 minutes: a truly remarkable record." 

Console Model 300* $1,573.75 
Portable Model 300 $1,594.41 
Rack Mounted $1,491.75 

• Meter panel extra 

F. O. B. Factor ,San Carlos Cali 

SP E CI FI C ATI O NS 

FREQUENCY RESPONSE: 

At 15" ± 2 db. 50-15,000 cycles 
At 7.5" -± 2 db. 50— 7,500 cycles 

*SIGNAL-TO-NOISE RATIO: The 
overall unweighted system noise 
is 70 db. below tape saturation, 
and over 60 db. below 3% total 
harmonic distortion at 400 cycles. 

STARTING TIME: Instantaneous. 
(When starting in the Normal 
Ploy mode of operation, the tape 
is up to full speed in less than 
.1 second.) 

FLUTTER AND WO W: At 15 
inches per second, well under 
0.1% r.m.s., measuring all flutter 
components from 0 to 300 cycles, 
using a tone of 3000 cycles. At 
7.5 inches, under .2%. 

Manufactured by Ampex Electric Corporation, San Carlos, Calif. 

DISTRIBUTED BY 

GRAYBAR ELECTRIC CO. INC.  AUDIO & VIDEO  BING CROSBY ENTERPRISES 
420 Lexington Avenue, New York 17, N.Y.  PRODUCTS CORPORATION 

(Offices in principal cities) 1650 Broadway 
New York, N.Y. 

9028 Su m.t•t 131 vd 

Holly vvood 4 ô. CrtlIf 
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The "Gotham"—TV— 
Radio—Phonograph 

COSMALITE* gives 
STAR performance in the new ZENITH 
This internally threaded Cosmalite coil form of cloverleaf design in the very 
heart of the Zenith Television Transformer, permits quick tuning of both primary 
and secondary frequencies through the upper end. The hexagon shaft of the 
frequency setter easily passes through the upper core and engages in the lower 
core ... adjusting the frequencies of both coils with the greatest ease. 

Consult us on the many uses of Cosma-

lite (low cost phenolic tubing) in tele-

vision and radio receivers. 

Cosmalite coil forms are also used 
in transformers of Zenith's table 
radios, such as the new Super-Sensi-
tive "Major" FM receiver, above. 

2(m 

The "Claridge"—Ty 
Table Receiver 

•Reg.U.S.Pat Off. 

gCLEVELAND CONTAINER6 
6201 BARBERTON AVE.  CLEVELAND 2, 01110 

PLANTS AND SALES OFFICES or Plymosoh. Witt Chscogo, Dorm, Ogdentbtorg. N Y,Jon...b..9.N 

ABRASIVE DIVISION ol Cler•lond, Oh,, 

CANADIAN PLANT The Clorolond Conto.ner Conodo Lid Presto., Onto.* 

REPRES MFAIIVIS 

CANADA  Wu T BARRON. EIGHTH LINE, RR .1. OAKVILLE, ONTARIO 
METROPOLITAN I 

NE W YORK  R. T MURRAY, 014 CENTRAL AVE. EAST ORANGE, N ) 

NE W ENGLAND  E. P PACK AND ASSOCIATES. 9611 FARMINGTON AVE 
WEST HARTFORD, CONN 
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Developed by MACHLETT 

t 5 6 6 1  

...gives demonstrably 
superior performance 
in 889RA sockets* 

Government, communications, and industrial users 
of "889RA-type" tubes are now rapidly switching to 
the Machlett-developed 5667*. 
If you are not already familiar with the unique qual-

ities of this new tube, here is an opportunity to learn 
exactly why and how the ML-5667 ( completely inter-
changeable with the 889RA) is convincingly supe-
rior by any standard of comparison. 

GET ALL THE FACTS ABOUT THESE FEATURES: 
• Special anode construction and processing. 

• Completely new and ruggedized structure. 

• High R.F. conducting kovar seals. 

• Cleaner internal parts and surfaces. 

• Machlett high-voltage exhaust. 

• New filament design. 

* Adopted by Military Services, U. S. Government 
Agencies, and other large users as the standard 
replacement for 889RA, the 5667 is now their pre-
ferred tube type for 889RA sockets. 

Use this coupon to send for 
your copy of "The ML-5667 
Story." Mail directly to Mach-
lett or your nearest Graybar 
office. 

MACH LET 

Use of the ML-5666 to replace 889,4, 
carries the added advantage of the 
Machlett automatic-seal water jacket. 

Machlett Laboratories, Inc., Springdale, Conn. 

Please send me "The ML-5667 Story" comparing the 
electrical and mechanical characteristics of the ML-5667 
and the 889RA. 

Name   

Company 

Address  

City   State   

OVER  50  YE ARS  OF  ELE CTR O N  TU BE  EXPERIE N CE 
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extreme precision, instant response 
in remote indication and control 

GEARED MOTOR-DRIVEN 
INDUCTION GENERATORS: 

Small 2-phase servo motor in 
combination with a compact gear-reducer 
and a low residual induction generator. 
Motor has high torque/inertia ratio 
and develops maximum torque at stall. 
Gear-reducer permits a maximum torque 
output of 25 oz. in. and is available 
in ratios from 5:1 to 75,000:1. 

SYNCHRONOUS MOTORS: 

for instrumentation and other 
applications where variable 
loads must be kept in exact 
synchronism with a constant 
or variable frequency source. 
Synchronous power output 
up to 1/100 H.P. 

CIRCUTROL UNITS: rotary electro-
magnetic devices for use as control 
components in electronic circuits 
and related equipment. Single and 
polyphase rotor and stator 
windings are available in several 
frame sizes. Deviation from sine 
accuracy of resolver shown is 
±0.3% of maximum output. 

INDUCTION MOTORS: miniature 
2-phase motors of the squirrel cage 

type. Designed specifically to 
provide fast response to applied 
control signals and maximum 

torque at zero r.p.m. Unit shown 
weighs 6.1 oz. and has stalled 

torque of 2.5 oz. in. 

SYNCHRONOUS DIFFERENTIAL UNITS: 

elettro-mecliarmal error detectors with 
mechanical output for use in position or 
speed control servo systems. These torque-
producing half-speed synchroscopes are 
composed of two variable frequency 
synchronous motors and a smoothly 
operating system of differential gearing. 

N, — N 
Output: Speed =  , — : Torque up to 1.0 oz. in. 

2 

TELETOROUE UNITS: precision 
synchros for transmitting 

angular movements to remote 
points. Accurate within ±-10 . 
May be actuated by mechanisms 
that produce only 4 gm. cm 
(.056 oz. in.) of torque. 

ADDITIONAL SPECIAL PURPOSE AC UNITS BY KOLLSMAN 

With the recent addition of new units to Kollsman's already widely diversified line, the 

electronics engineer will find the solution to an even greater variety of instrumentation and 

control problems. These lightweight, compact units offer the high degree of accuracy 

and positive action essential in dealing with exact quantities. They are the product of 

Kollsman's long experience in precision instrumentation and aircraft control — and of con-

siderable work done in this field by Kollsman for special naval and military application. Most 
units are available at various voltages and frequencies. For complete information, address: 

Kollsman Instrument Division, Square D Company, 80-66 45th Avenue, Elmhurst, N. Y. 

KOLLSMAN INSTRUMENT DIVISION 

EL MHURST, NE W YORK  GLENDALE, CALIFORNIA 
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ON-INDUCTIVE 

IE WOUND 

:1% ACCURATE 

Fl 

Hermetically Glass-
Sealed Riteohm 

Series 90 

WIRE LE AD--7 1 
i .)  • 611(040) i•iirLoNG 

i. 

7/i6--0323 
5/4- 032 
I- -034 

HOLE FOR 
NO 6 SCREW 

RITC00111 9329.892 II 1134 

1)\:1 20(032) 
WIRE LEAD 

 ̂

rot ,74ccweacei. 

RITEOH M PRECISION RESISTORS 

{V W -1142A nr -044* 

1- 3//6-- 6440 

HOLE FOR 
406 SCREW 

119T1E01111 94111.944911114419 

However critical the application, Ohmite Riteohm 
Precision Resistors assure reliability and consistent 
accuracy. They are ideal for use in voltmeter multi-
pliers, laboratory equipment, test sets, and in elee-

Write for Ohmite Precision 
Resistor Bulletin No. 126 

OH MITE MFG. CO. 
4861 W. Flournoy St., Chicago 44 

642A 
1144/1 

1,1411 

2 - 3/16--

9i,94,94 -1 

2-13/16-98 

RI TEONMI 91.92.94.91 59S 

tronic devices requiring extremely accurate resistance 
components. Available from stock in ',4-watt and 1-
watt units in a wide range of values and types.. . or 
made to order ... as listed in Bulletin 126. 

Ve Re * mak :I NAIVE 
RHEOSTATS • RESISTORS • TAP SWITCHES 



THIS COMMUTATOR Can Stand The 

Most Rugged Service, Yet Costs 

Less To Produce 

SMALL MOTOR COMMUTATORS made by the Spring Division 
of the Borg Warner Corp., Bellwood, Ill., from Revere OFHC 
(Oxygen-Free High Conductivity) copper, exploded to show method 
of construction. After copper shell was stamped and formed on 
multi-slide machine and plastic molding material injected into it 
longitudinal slats were sawed just deep enough to completely pene-
trate the thickness of copper and thus form the segments, each of 
which are insulated electrically from one another and anchored 
firmly in the plastic. 

IT was quite a complex problem the Spring Division of 
Borg Warner Corp. dropped into the lap of Revere's 
Technical Advisory Service. They were getting set to manu-
facture commutators for small motors and they wanted 
to select the best material for the job. 
Here were the specifications: The material had to be the 

hardest possible yet still able to take the extremely severe 
forming operation which was to be done in a multi-slide 
machine. High hardness was necessary in order to com-
bine maximum wear resistance with the ability to with-
stand the extreme centrifugal force developed in small 
motors operating at high speeds. In addition, in the mold-
ing operation, which is done after the copper shells have 
been formed, it was necessary to hold the diameter of the 
shell to within .001" in order to prevent the plastic from 
Rowing between the mold and the outer surfaces of the 
commutator. An equal tolerance was also imposed upon the 
height of the solid cylindrical portion for the same reason. 
Also of great importance was the need for the cylinder wall 
being almost absolutely flat. 
Because of long experience with somewhat similar prob-

lems Revere recommended trial of OFHC (Oxygen-Fret 
High Conductivity) copper, four numbers hard. This was 
tested along with several other metals. The OFHC alone 
was found to produce excellent parts, and with tolerances 
so close as to be almost unbelievable in this type of opera-
tion. All other types of copper failed at the very sharp bend 
where the anchoring lugs join the side of the shell. 
An unusual feature of these commutators is the plastic 

material used in the core. Tough, and unusual in composi-
tion, it serves both as insulation and as a mechanical 

connection between commutator and shaft without use of 
a bushing and key. 
To determine if these commutators could really take it, 

test motors in which they were used were speeded up to 
35,000 rpm. Although the wiring in the rotors practically 
exploded at that speed, there were no failures in the commu-
tators, Temperature tests up to 400° F. were also made. 
Here again there was no damage to the commutator, 
though the rotor wiring was badly damaged due to the 
combination of centrifugal force and decrease in wire 
strength. Once again the unusual combination of properties 
of Revere OFHC copper had played a part in helping 
another one of the country's leading manufacturers pro-
duce an outstanding product at less cost. 
Perhaps this or some other Revere Metal can be of help 

in improving your product—cutting your production costs. 
Toward that end we suggest that you get in touch with your 
nearest Revere Sales Office. 

REPERE 
COPPER AND BRASS INCORPORATED 

I oiinded by Paul Revere in 1801 

230 Park Avenue, New York 17, New York 
• • • 

Mills: Baltimore, Md.:Chicago,  Detroit, Mich.; Lot Angeles and 
Riverside, Calif; New Bedford, Mass.; Rome, N. Y. 

Sales Offices in Principal Cities, Distributors Everywhere. 
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Research in electron beam behavior is 
a full-time job in the Physics Laboratories 
of Sylvania Electric. Here, for example, 
specialists in electron optics have devised 
new systems for overcoming the tendency 
of deflection fields to spread the electron 

heam in cathode-ray tubes. These systems 
permit brighter, sharper images in television 
tubes which are shorter than conventional 

tubes of the same screen size. IT Sylvania 
scientists have also made rigorous 
investigations into the maximum 
electron-beam currents that can be 
produced consistent with sharp beam 
focus. This is of importance to many 
types of electron beam devices, 

including cathode-ray tubes and 
traveling-wave tubes. Improve-
ments in these products, in turn, 
make possible broader progress in 
television, microwave relay 
systems and electronic memory 
devices. IT Such continuing basic 
research is typical of Sylvania's 
never-ending effort to produce 
finer and finer electronic 
products. 

ELECTRON BEAM STUDIES UNDERLIE 

IMPROVED TUBE DESIGNS FOR 

TELEVISION, COMMUNICATIONS 

DESIGN OF TRAVELING WAVE TUBES IS ONE PHASE 

This  gi  BE en OF SYLVANIA S ELECTRON  AM RESEARCH 

r IS checking performance of an exp 
mental traveling wave rube, designed to amplify 

microwaves over a band of at least 1000 megacycles. 
In such a tube the signal takes en ergy from an electron of wire.  
beam traveling down the center of a foot-long coil 

SYLVAN IA 
ELECTRIC 

ELECTRONIC DEVICES: RADIO TUBES; CATHODE RAY TUBES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES, SIGN TUBING; LIGHT BULBS; PHOTOLAMPS 
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RCA-1011,4 FOR 

TABLE MODEL 

AND CONSOLE 

RECEIVERS 

RCA-I2LP4 FOR TABLE 

MODEL AND 

CONSOLE 

RECEIVERS 

, 
• 

RCA-51P4 1111 1 

FOR PROJECTION. 

TYPE RECEIVERS 

PROJECTED SIZE — 

IS" x 24" 

RCA-I6AP4 

FOR HIGHER 

PRICED DE LUXE 

RECEIVERS 

RCA-7JP4 

FOR PORTABLE 

AND SMALL 

RECEIVERS 

THE FOUNTAI NHE AD OF M ODER N TUBE DEVELOP ME NT IS RCA 

• • • the five most popular kinescopes 

from one dependable source 

RCA now has a popular type of kinescope to 
accommodate television receiver designs in prac-
tically every class and price range. 

Concentrated production on these five accepted 

typeE results in longer production runs, which 

in turn, make possible lower cost, more uniform, 

and better quality tubes for our customers. 

All five types are currently being mass-produced 

at the famed RCA tube plant in Lancaster, Penn-

sylvania. In addition, a large new plant is under 

construction at Marion, Indiana, where the pro-

duction will be centered on the RCA-16-inch 
metal-cone kinescope. 

RCA Application Engineers are ready to cooper-
atewith you in applying these kinescopes and their 

associated components to your specific designs. 

For further information write RCA, Commercial 
Engineering, Section 47HR, Harrison, N. J. 

ion 

The world's most rnodern tube plant ... 

RCA, LANCASTER, PA. 

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

HA R RISO N, N. J. 
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William L. Everitt 
BOARD OF DIRECTORS, 1949-1951 

William Lite11 Everitt was born on April 14, 1900, in 
Baltimore, Maryland. During World War I he served in 
the U. S. Marine Corps from 1918 to 1919. At the war's 
conclusion, he matriculated at Cornell University, 
where he taught electrical engineering from 1920 until 
he received the E.E. degree in 1922. 

In that year he joined the North Electric Manufac-
turing Company of Galion, Ohio, as engineer in charge 
of the design and development of their relay automatic 
public switchboard exchanges. He left in 1924 to teach 
electrical engineering at the University of :Michigan, 
transferring to Ohio State University in 1926—the year 
in which he received the M.A. from Michigan —to take 
charge of their communications engineering staff in the 
capacity of assistant professor. Meanwhile, during the 
summers from 1925 to 1930, he served with the depart-
ment of development and research of the American 
Telephone and Telegraph Company. 

Joining The Institute of Radio Engineers as an Asso-
ciate Member in 1925, he became a Member in 1929, and 
also was elevated to the rank of associate professor at 
Ohio State in that year. In 1933 he received the Ph.D. 
degree and was promoted to a full professorship. At 
Ohio State he originated and directed the annual Broad-

cast Engineering Conference, in which the IRE partici-
pated. He became a Fellow of the IRE in 1938. 

In 1940 Dr. Everitt was appointed a member of the 
Communications Section of the National Defense Re-
search Committee. Two years later he took a leave 
of absence from the University to serve as director of 
operational research with the U. S. Army Signal Corps. 
He was appointed head of the University of Illinois' 
electrical engineering department in absentia in 1945, 

and at the war's conclusion he took up his duties there. 
Effective September 1, 1949, he will become Dean of the 
University of Illinois' engineering college. 
The author and editor of numerous texts and articles 

on electrical engineering, Dr. Everitt has been a con-
sultant for various broadcast stations and radio manu-

facturing companies. He was President of the IRE in 
1945 and has been a member of a number of committees; 
currently he is on the Circuits Committee and the 
Board of Editors. Dr. Everitt is also a Fellow of the 
AIEE, a member of the National Council of Tau Beta 
Pi, and a member of Sigma Xi, Eta Kappa Nu, the 
Acoustical Society of America, the American Society 
for Engineering Education, and the American Associa-
tion for the Advancement of Science. , 
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4. 

The Valuable By-Product 
V. K. ZWORYKIN 

Scientists, in their systematic study of phenomena and their development of the covering 
theories, pursue a lengthy and sometimes tortuous path. Shall they always head unswervingly 
toward the distant goal or should they occasionally pursue, or at least point out, interesting side 
paths? 
These matters are considered in the following guest editorial by an eminent research worker, 

the correctness and fruitfulness of whose methods have been amply proven. He is a vice-president 
and technical consultant of the RCA Laboratories, and a Fellow of the IRE and member of the 
Board of Editors.—The Editor. 

"Select your goal carefully, and then, looking neither to left nor right, pursue it." 
That is good advice. Yet, like most good advice, it can be overstressed. Much that is of great 

value has come from the exploration of bypaths in science and engineering. Certainly, few will 
dispute Riintgen's wisdom in ferreting out the cause of the lighting up of a fluorescent screen 
near his enclosed gas discharge tube, and studying the phenomenon with such thoroughness 
that he was able not only to announce to the world the existence of X rays, but also to give 
an extraordinarily complete description of their characteristics. Perhaps the ideal compromise 
between persistence in a chosen line of investigation and the exploration of an incidental find 
was practiced by Hertz in the discovery of the photoelectric effect. Having noted unexplained 
nonuniformities in the length of induced sparks, he performed a series of critical experiments 
with available equipment, which demonstrated that these arose from the action of ultraviolet 
light on the negative spark electrode. After publishing a careful description of these experiments 
for the guidance of later investigators, Hertz returned to his original objective—the demon-
stration of electric waves as predicted by Maxwell's theory—and thus helped to lay the basic 
groundwork for the radio industry. 
There are many examples of the valuable by-product in our own experience in the develop-

ment of television. Perhaps the first that comes to mind is the multiplier phototube which now 
plays such a vital role as detector in nuclear and cosmic-ray work, and has found innumerable 
other applications in industry and research. Our immediate interest in secondary-emission 
multiplication stemmed from the need of increasing the signal strength of television pickup tubes. 
Again, the electron microscope, which has extended the range of our vision by two orders of 
magnitude, naturally fitted into the orbit of our interests as the result of our intensive occupation 
with the electron-optical problems of television; the circuit experience gained in television devel-
opment helped to create an instrument of compact dimension with a resolving power approach-
ing the theoretical limit. The infrared-sensitive image tube, which came to play an important 
part as reconnaissance instrument during the war, was another early by-product of pick-up 
tube research. And now, a variety of storage tubes, the offspring of television research in tube 
construction, operating principles, and circuitry, promise to make material contributions to air 
safety through systems such as Teleran, to facilitate the study of high-speed phenomena, and 
to bring within reach the solution of mathematical problems of baffling complexity by modern 

electronic computing machines. 
The list is not complete, nor is there any sign of a halt in the flow of new ideas and new devices 

that spring from television development. There can be little question that the same applies to 
any number of other lines of endeavor. It is with this in mind that I would change the advice 

given above to the following: 
"Select your goal carefully, and then, looking both left and right, proceed on your way, mark-

ing out promising side paths as they meet your eyes. Thus, you may reach your goal sooner and 
help others, in turn, to reach their goals." 

4. 
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Path-Length Microwave Lenses* 
WINSTON E. ICOCKt, SENIOR MEMBER, IRE 

Summary—Lens antennas for microwave applications are de-
scribed which produce a focusing effect by physically increasing the 
path lengths, compared to free space, of radio waves passing through 
the lens. This is accomplished by means of baffle plates which ex-
tend parallel to the magnetic vector, and which are either tilted or 
bent into serpentine shape so as to force the waves to travel the 
longer-inclined or serpentine path. The three-dimensional contour 
of the plate array is shaped to correspond to a convex lens. The 
advantages over previous metallic lenses are: broader band per-
formance, greater simplicity, and less severe tolerances. 

INTRODUCTION 

LENSES ARE useful microwave antennas because of their tolerance advantages. An amount of twist 
or warp of the completed antenna which would 

seriously degrade the gain and directional properties of 
a parabolic dish reflector antenna will generally have 
negligible effect upon the performance of an equivalent 
lens. 

Two types of metallic microwave lenses developed by 
the Bell Telephone Laboratories have previously been 
descrled. The first comprised rows of conducting plates 
which acted as waveguides and achieved a focusing ef-
fect by virtue of the higher phase velocity of electro-
magnetic waves passing between the plates.' 
The second type was a scaled-up version of the lattice 

Fig. 1—A partially assembled 10-foot artificial dielectric 
shielded-lens antenna for microwave relay use. 

• Decimal classification: R326.8 X R310. Original manuscript re-
ceived by the Institute, January 11, 1949. 
t Bell Telephone Laboratories, Inc., Murray Hill, N. J. 
'W. E. Kock, "Metal-lens antennas," PROC. I.R.E., vol. 34, pp. 

828-837; November, 1946. 

structure of a true dielectric, whereby small conducting 
elements replaced the molecules of the dielectric, and 
the polarization which these elements engendered dupli-
cated the polarization of the true dielectric.' This type of 
lens exhibited very broad frequency characteristics, so 
that it was effective over a much larger wavelength band 
than the previous waveguide lens. Because, however, 
the elements were small compared to the wavelength, 
large size lenses of this type contained large numbers of 
the conducting elements, and the construction became 
somewhat tedious. For example, the partially assembled 
10-foot delay lens shown in Fig. 1 (strip type structure) 
requires several thousand strips to fill the 10 foot aper-
ture. The lenses to be described in this paper retain the 
broad-band features of the delay type, but permit of 
simpler construction. 

FUNDAMENTAL PRINCIPLES 

The principle of operation of the path-length lenses 
can be described in connection with Fig. 2. If parallel 

COND,JCTiNG PLATES 

NON-DELAT CONSTPuCTiON 

• 

' 

D,PEc 

PPOPAsA7,cr, 

DELA. coNsTR..,cT,oN 

Fig. 2—Use of conducting plates or grids (shown dotted) to 
effect a wave delay. 

conducting plates are presented to electromagnetic 
waves polarized perpendicularly to the plates, little ef-
fect will be produced on the progress of the waves, pro-
viding that the plates are flat and aligned along the di-
rection of propagation, as shown in the top of the figure. 
If, however, the plates are bent into serpentine shape, as 
shown in the bottom of the figure, the sinuous path 1, in-
side the plates, will be longer than that outside /0, and 
delay will be produced. In order to avoid the generation 
of a second-order mode, the vertical spacing of the plates 
must be less than one-half wavelength, but for all wave-
lengths longer than this, a constant delay and thus a 
constant refractive index is obtained. If, instead of the 
serpentine construction, the plates are tilted so that 
they form an angle with the direction of propagation, a 
delay will also be produced, since the waves will be forced 

'W. E. Kock, "Metallic delay lenses," Bell Sys. Tech. Jour., vol. 
27, pp. 58-83: January, 1948. 
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to traverse the longer inclined path. Instead of solid 
plates, a grid structure can be used if desired, as shown 
by the dotted lines in the bottom of Fig. 2. The wires of 
the grid must be less than one-half wavelength apart in 
order to simulate the effect of a solid sheet. 

DESIGN CONSIDERATIONS 

The design of microwave lenses using the path-length 
principle follows, in general, the design of any lens in 
which the material comprising the lens has an index of 
refraction greater than unity. For example, in Fig. 3, the 
contour A CGHD defines the cross section of a slant plate 
lens looking end on at the plates, and the curved portion 
ACG is obtained by making the path lengths of all rays 
equal from the focus to the plane BEI. The added delay 
or increased path length of ray 2 is equal to the added 
length of the line CD, compared to its free-space path 
(the thickness of the lens from point C to the front sur-
face). The effective index of refraction is thus equal to 
1/cosine 0. 
When the lens has a flat front surface, the curved side, 

which is towards the feed, turns out to be a hyperboloid 
of revolution, as in the usual case of dielectric lens. The 
equation of the generating hyperbola of this surface is: 

(n2 _ i)x2 2fx(n _ 1) _ y2 =  0 , (1) 

where ii is the effective index of refraction (1/cos 0 for 
the slant plate and ///0 for the serpentine lens), f is the 
focal length, and the origin of the co-ordinate system is 
at the point C in Fig. 3. 

Si_ A UT PL4TE LE115 

PATHS 1.2 AND 3 APE EQUAL IN LENGTH 

FROM F TO THE PLANE BE!  1 

EFFECTIvE iNDEA Or REFRACTION = 
Cos 

ANE WAVE 
FRONT 

Fig. 3—Determinaton of lens contour for path-length lenses 
of the slant-plate variety. 

For the lens reversed, so that rays starting from the 
focal point strike the flat surface, the contour of the 

3 See Fig. 17 in footnote reference 2. 

outer curved surface must assume an asymmetrical 
shape in order that a plane wave emerge from it. 

CONSTRUCTION METHODS 

Two types of lightweight grid structures are shown in 
Fig. 4. In both cases, the vertical spacing b and the hori-

(a) (b) 

Fig. 4—Wire grid structures for path-length lenses. (a) Serpentine 
grid construction; (b) slant grid construction. 

zontal spacing a of the grid wires must be less than one-
half wavelength for proper operation, as explained ear-
lier. The serpentine or slanted wires are affixed to poly-
styrene foam slabs, and the contour of the wire grid 
outline on each slab is a section parallel to the axis of the 
hyperboloid of revolution generated by (1). Polystyrene 
foam (Styrofoam, Dow), is light in weight and transpar-
ent to microwaves. 
A photograph of a serpentine lens of the type sketched 

in Fig. 4(a) is shown in Fig. 5. This lens is 12 inches 
square and was designed for 3-cm microwaves. A two-
foot square slanted wire lens of the type sketched in Fig. 
4(b) is shown in Fig. 6. It was designed for use at 7-cm 

Fig. 5 --One foot diameter serpentine wire lens for 3-cm 
wavelengths. 

wavelengths. One of the foam slabs with grid wires at-
tached is shown separately, and the remaining slabs 
have not yet been put into the frame. 
Fig. 7 shows the magnetic plane pattern of this lens 

when illuminated with a small feed horn. The feed horn 
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Fig. 6—A partially assembled slant wire lens for 7-cm operation. 

0 DB 

7.7  - - 3 DO 

—5 09 

10 1.9 

MAGNETIC PLA NE PAT TEPr, 

OE A 2' A 2' SLANTED WIPE La'. 

= 7.25 cm 

Fit.T. 7 —Radiation pattern of the lens of Fig. 6. 

Fig. 8—Continuous sheet slant plate lens 30 inches in diameter. 

had insufficient directivity to suppress the minor lobes 
as well as might be desired, but the symmetry and beam 

width.of the pattern indicate satisfactory operation of 
the lens. 

For slant plate lenses employing solid plates instead 
of grids, the profiles of the plates again are sections of 
the design hyperboloid, but they are now formed by 
planes making an angle 0 with the axis of revolution. 
This is shown in Fig. 8, where a 30-inch diameter open-
structure solid plate lens for use at microwavelengths 
from 2.5 cm upward is portrayed. In this lens, aluminum 
plates are supported at the edges and spaced by an in-
sulating member along the central plane. It has a focal 
length (f in equation (1)) of 30 inches, and an angle of 
tilt of the plates of 48.2 degrees, corresponding to an 
index of refraction (n in equation (1)) of 1.5. Because of 
its open structure, air can pass readily between the 
plates. 

A magnetic plane pattern of this lens is shown in Fig. 
9, and it is seen that the minor lobes are fairly well sup-

10 

DO 

30 

3 DO 1.A.IJDTH = 2.9 ° 

65 X/d  2.8 ° 

5  0 

DEGREES 

30" DIA METER  SLANT PLATE  LENS 

MAGNETIC PLANE PATTERN 
N.3.3 CM 

Fig. 9—Horizontal radiation pattern of the lens of Fig. 8. 

pressed. A 3-inch diameter feed horn was used in this 
test and the wavelength was 3.3 cm. Because of the shift 
in energy distribution in the vertical plane as the waves 
pass through the tilted plates of the lens, the minor lobes 
in the electric plane are not as well suppressed as in the 
magnetic Plane (Fig. 10). 

The continuous plate lens of Fig. 8 could be made 
lighter in weight by replacing the aluminum plates with 
copper foil sheets of proper contour, and then employing 
foam slabs as spacers and supports between the plates. 
Currents flow along lines lying in vertical planes, so that 
the lens could be sectioned vertically for assembly pur-
poses in the case of large structures.  • 
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—3 DB wiDTH = 2.9° 

65 kid = 2.61° 

30- pit...ALTER SLANT PLATE LENS 

vEPT CAL PLANE PATTERN 

(SUBSTITUTION METHOD) 

A.3.14 CM 

Fig. 10—Vertical radiation pattern of the lens of Fig. 8. 

COMPARISONS WITH EARLIER TYPES 

Because the path-length lenses function identically for 
all wavelengths longer than the second mode wave-
length, the index of refraction remains constant up to 
this wavelength limit. There is thus no dispersion or 
change of index of refraction with wavelength, as in the 
case of the earlier conducting element delay lens when 
operated too near the resonant frequency of the ele-
ments. If enclosed in a full horn shield, such a lens 

should, over its entire operating range, possess an effec-
tive area which is independent of frequency. It would 
thus constitute an extremely broad-band antenna. 
Since the index of refraction of the slanted plate lens 

depends only upon the tilt of the plates and not upon 
the plate spacing as in the first waveguide lens, construc-
tional tolerances of this lens are even less severe than in 
the earlier lenses. Thus the number of plates could be 
doubled, if desired, without altering its performance in 
the original operating band. Also, flatness of the plates 
is not important, so long as the second mode spacing is 
not exceeded. The simplicity of design is brought out by 
observing that only 60 flat sheets cut to proper profile 
are required to duplicate the effectiveness of the several 
thousand elements of the 10-foot lens of Fig. 1. 
There are two disadvantages which the slant plate 

lens possesses. The first is that the lens plates must be 
held at the proper design tilt with respect to the feed 
horn (since the index of refraction depends upon plate 
tilt). This prohibits a lens tilt in the vertical plane un-
less so designed, and limits the scanning ability of a 
moving feed in the vertical plane. The usual lens scan-
ning capabilities are retained in the horizontal plane, 
however. The second is that the energy distribution in 
the electric plane is unsymmetrical, and results in a 
poorer minor lobe suppression in this plane. This latter 
disadvantage may not be serious in applications such 
as microwave repeater work, where lobes in the vertical 
plane are not as objectionable as lobes in the horizontal 
plane. 
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Mercury Delay Line Memory Using a Pulse 
Rate of Several Megacycles* 

ISAAC L. AUERBACHt, MEMBER, IRE, J. PRESPER ECKERT, JR•t, ASSOCIATE, IRE, 
ROBERT F. SHA M, SENIOR MEMBER, IRE, AND 
C. BRADFORD SHEPPARDt, MEMBER, IRE 

Summary—A mercury delay line memory system for electronic 
computers, capable of operating at pulse repetition rates of several 
megacycles per second, has been developed. The high repetition 
rate results in a saving in space and a reduction in access time. 
Numerous improvements in techniques have made the high 

repetition rate possible. The use of the pulse envelope system of 
representing data has effectively doubled the possible pulse rate; 

Decimal classification: 621.375.2 X R117.19. Original manu-
script received by the Institute, December 15, 1948; revised manu-
script received, March 4, 1949. 
t Formerly, Eckert-Mauchly Computer Corp.; now, Burroughs 

Adding Machine Co., Philadelphia, Pa. 
Eckert-Mauchly Computer Corp., Philadelphia, Pa. 

the use of crystal gating circuits has made possible the control of 
signals at high pulse rates; and a multichannel memory using a 
single pool of mercury has simplified the mechanical construction, 
reduced the size, and made temperature control much easier. 
The memory system described makes possible a significant in-

crease in the over-all speed of an electronic computer. 

I. INTRODUCTION 

HE MAJOR design problem in any high-speed 
electronic computer of advanced design is that of 
a memory, or storage device. Such a device must 

be capable of storing several hundred or more numbers 
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of, say, twelve decimal digits each. Furthermore, any 
one of these numbers must be available for use in the 
computing circuits within a time comparable to the time 
required for an elementary arithmetic operation. Al-
though considerable research is being done on electro-
static memories, in which information is stored in the 
form of charges on a dielectric medium, the delay-line 
type of memory is more highly developed at the present 
time, and is being used in several computers. In a delay-
line memory, information is stored in the form of groups 
of electrical or acoustical impulses or signals circulating 
in an electric delay line or medium suitable for transmis-
sion of acoustic waves. 

A device capable of storing n pulses may also be con-
sidered as storing n binary digits. The presence or the 
absence of a pulse in each of the n successive positions 
provides the coding necessary to represent binary num-
bers. To represent a decimal digit, a minimum of four 
successive coded pulse positions is required. 
Acoustic propagation has a lower velocity than elec-

tromagnetic propagation, so a proportionately greater 
amount of information can be stored in the acoustic type 
delay line than in the electrical delay line for a given de-
lay bandwidth and attenuation. Where large storage ca-
pacity is required, the acoustical line is preferrpd. Be-
cause of the low velocity of propagation and the good 
impedance match between it and quartz, mercury has 
been selected as the acoustic delay medium. 

II. HISTORY 

One of the first applications of acoustic delay lines was 
in the Scophony television system,I where video signals 
were converted into acoustical wave patterns in a trans-
parent medium. These signals were read out optically by 
making use of the Debye-Sears effect2 which translates 
the strain pattern into a pattern of varying light inten-
sity. 

This type of acoustic line was a nonregenerative or 
"delay storage" device. Further work on acoustic lines 
was done by Shockley at Bell Telephone Laboratories, 
who also used them as simple time delay devices. In 
1943, Eckert, then at the Moore School of Electrical 
Engineering at the University of Pennsylvania, carried 
on further development work under a contract from the 
Radiation Laboratory of the Massachusetts Institute of 
Technology. Eckert was the first to use mercury as the 
acoustic medium and the first to use nonreflective back-
ings on the quartz crystal transducers. By this tech-
nique it was possible to eliminate multiple storage due to 
reflections, and it was no longer necessary to use ampli-
tude discrimination at the receiving end, as had been 
necessary in Shockley's lines. It also became possible to 
store patterns of pulses with relatively close spacing, in-
creasing the amount of information per unit length, due 
to the greater bandwidth which the nonreflective termi-

I V. K. Zworykin and G. A. Morton, "Television," John Wiley 
and Sons, Inc., New York, N. Y., p. 254; 1940. 

2 See p. 251 of footnote reference 1. 

nations provided. Once these things had been accom-
plished, regeneration circuits were introduced to convert 
the delay device into a long-time dynamic storage de-
vice. 
Work at the Moore School on delay lines had to stop, 

however, when work began on the ENIAC, the first 
large-scale all-electronic digital computer. Further de-
velopment in the field took place at the Radiation Labo-
ratories.  2-6  These subsequent studies included both liq-
uid and solid media acoustic lines for use in range meas-
uring circuits and MTI equipment. 
During the final construction of the ENIAC, how-

ever, Eckert and Sheppard were able to return to the 
work on acoustic delay memories and eventually pro-
posed this method for the EDVAC, a much improved 
electronic digital computer.6 
The proper choice of a backing material for the quartz 

crystals is one of the most important design problems of 
the mercury delay line memory. It was during the time 
when work was being done on the EDVAC that Shep-
pard first used steatite as a crystal backing material. Un-
til then the more practical choices were steel, air, and 
mercury. Steatite, it was found, gave a wider bandwidth 
than steel or air because there is a lower coefficient of re-
flection between it and quartz. The mercury-backed 
crystal had a higher capacitance than that with air 
backing, and further, this mounting subjected the crys-
tals to breakage due to hydrostatic pressure of the 
mercury, and due to the method of mounting the thin 
crystals. 

III. THEORY 

Delay line circulating memories have one common 
characteristic: an inevitable distortion of the circulating 
pulses. The pulses will be distorted in shape, and a timing 
shift will occur after each circulation. The shape distor-
tion is due to attenuation, dispersion, phase distortion, 
and other less important practical considerations. If the 
shape distortion were not corrected, the pulse groups 
would lose their identity after a very few circulations. 
The timing shift arises through small errors produced in 
the temperature control system, changes in the length of 
the mercury column due to expansion and contraction, 
and the inaccuracy of construction which may give to 
different channels slightly different lengths. If the tim-
ing shift were not held within limits, it would be difficult 
to select a specific group of pulses from the several circu-
lating in a single channel. Additional difficulties would 
arise in the arithmetic circuits, since timing synchronism 
is essential for proper operation. If the operation of the 
line is to be successful, both distortion and timing shift 
must be corrected. 

2 "A Theory of the Supersonic Delay Line," Rad. Lab. Report No. 733. 
"Multiple Reflection Delay Tank," Rad. Lab. Report No. 791. 

6 "On the Theory and Performance on Liquid Delay Lines," 
Rad. Lab. Report No. 792. 

"Progress Report on the Edvac," University of Pennsylvania, 
Moore School of Electrical Engineering, June 30, 1946. 
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The actual processes for correcting these variations 
may be thought of in two different ways. The terms "re-
shaping" and "retiming" imply that each pulse, as it 
emerges from the line, is sharpened to its original shape 
and shifted in time so that it coincides with some stand-
ard tim;ng pulse. It is equally possible to think of the 
distortion correction process as being one in which each 
pulse, as it emerges from the line, is used to operate a 
gate circuit which, upon opening, allows a new standard 
timing pulse of the proper shape to enter the acoustic de-
lay line. In this sense the old pulse containing some small 
error in time, and having been broadened by its passage 
through the memory channel and its associated ampli-
fiers, is finally used to hold the gate open for the new 
timing pulse. Each recirculation therefore uses a new 
pulse gated into the line by the previous pulse. If no 
pulse is present in any given position, the gate circuit 
will suppress the standard timing signal. 

DRIVER 

TIMING 
PULSES 

ACOUSTIC DELAY REGISTER FOR 

UNIVAC MEMORY SYSTEM 

ELECTRO-ACOUSTIC DELAY LINE 

INPUT 

GATE 

MERCURY 

GATE CONTROL 
VOLTAGES 

INPUT BUS 

Fig. I 

AND DET. 

OUTPUT 

GATE 

OUTPUT BUS 

Fig. 1 shows a block diagram of a typical memory 
channel. Pulses from the input bus enter the recircula-
tion circuit through the input gate if an input gating sig-
nal is supplied. These pulses then gate timing pulses 
through the pulse reshaper or clock gate. The output of 
the clock gate feeds the driver, which is simply a power 
amplifier. Upon leaving the amplifier, the electrical 
pulse is applied to a quartz crystal transducer at one end 
of the mercury column, causing the transducer to pro-
duce an acoustic pulse in the mercury. The acoustic 
pulse then travels through the mercury with the velocity 
of sound in that medium. Because of the bandwidth lim-
itation of the mercury tank, the acoustical pulse, after 
conversion into an electrical signal, has become a wave 
packet. After being amplified in the band-pass amplifier, 
the signal is rectified by the detector. The band-pass 

amplifier has a center frequency comparable to the 
crystal frequency and a bandwidth of several megacy-
cles. The bandwidth limitation of the amplifier further 
broadens the wave packet. The output of the detector 
is a signal whose shape is that of the envelope of the 
wave packet. This signal, after passing through the re-
circulation gate, is used to gate a new timing pulse 
through the clock gate. The process is repeated indefi-
nitely, unless the line is cleared by interrupting the re-
circulation path or a power failure occurs. 
The two most important considerations of such a 

memory device as is here described, are the amount of 
information which it can store and the average length 
of time needed to remove or insert a given group of 
pulses. The waiting or latency time, often called the ac-
cess time, directly affects the speed of operation of the 
computer. On the average, the access time will be one-
half the recirculation time. It is as probable that a group 
of pulses will be desired just after they have entered the 
memory channel as it is that they will be desired just as 
they are about to emerge. In view of the access time 
consideration, several short channels are to be preferred 
over a few long ones. 
The capacity of a delay line memory is determined by 

the length of the column and the repetition rate of the 
pulses circulating in the memory. Increasing either will 
increase the capacity, but it has already been pointed 
out that column length should be kept short in the inter-
ests of access time. Therefore, larger memory capacity 
should preferably be achieved through increased repeti-
tion rate. Considered in another way, a higher repetition 
rate will, for a given number of pulses per channel, re-
duce the access time because this number of pulses can 
be put in a shorter length of column. Any shortening of 
the access time makes it reasonable to increase the speed 
of performing arithmetic operations within the com-
puter. 
An important factor in determining the maximum 

repetition rate is the dispersion or phase distortion re-
sulting largely from the effect of the walls of the tubes 
containing the mercury column. Such effects are greatly 
minimized by making the diameter of the column large 
compared to the crystal diameter and compared to the 
wavelength. Using crystal frequencies of about 15 Mc, 
this is not difficult, but still would result in a rather 
bulky memory assembly if the number of columns were 
large. It has been found, however, that a common pool 
of mercury can be used for a number of memory chan-
nels. The acoustical waves are so directional that each 
crystal affects only the one directly opposite it; and cross 
talk between channels can easily be held to two or three 
per cent with columns long enough to store over a thou-
sand pulses per channel, particularly, if stainless steel 
tubes or "liners" such as those shown in Fig. 4 are used 
to isolate some channels from their neighbors. 
The attenuation in the mercury has been found to be 

a = 0.0013P + 0.9/02, 
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where 
a is the attenuation in db per hundred microseconds 
of delay 

f is the frequency in megacycles 
d is the column diameter in inches. 

Having made the second term negligible by using a large 
column diameter, one is still faced with the problem of 
frequency discrimination. The bandwidth required de-
pends only on the repetition rate of the pulses; by in-
creasing the center frequency of the pass band, the 
variation of a over a given bandwidth can be decreased. 
If effects of dispersion and attenuation are minimized, 

as described, the chief limitation on bandwidth is the 
electromechanical coupling characteristic of the crys-
tals. The response is proportional to sin' 0/ç1, where 0 is 
the ratio of impressed frequency to crystal frequency, 
and the distance between the half-power points Af 
= 0.66f, where .1; is the crystal frequency, assuming 
proper acoustic termination.' To find the required band-
width for transmission of the wave packets, it will be 
assumed that the crystal frequency is made equal to 
about three times the maximum pulse repetition rate; 
it is then reasonable to use the Fourier transform of the 
envelope of the packet to obtain the frequency spec-
trum. Assuming an envelope having the shape of the 
probability curve, given by 

e(1) 
=  f-2.8(11 

the envelope of the corresponding frequency spectrum 
is given by8 

e( f)  1.110 c 3.6(/  )11fr 

elnalt 

where to is the width of the pulse packet at half voltage, 
T is the time between packets, and fp is the frequency of 
the waves making up the packets. The distance between 
half-power points on the above frequency spectrum is 
0.61f. The over-all bandwidth of the tank and amplifier 
should be a small amount greater than this to obtain the 
desired packet width at the detector, when the input of 
the tank is driven with a pulse having relatively rapid 
rise and slow fall. 
Under the conditions just described, the detector out-

put will drop to about 15 per cent of its maximum value 
between two pulses which are separated by a space, but 
will not drop at all (in fact, will rise slightly) between 
two adjacent pulses. Such a situation is somewhat un-
conventional in a pulse transmission system, but it will 
be recalled that the output pulses are not permitted to 
re-enter the line, but are only used to gate timing pulses. 
Therefore, if the latter are themselves sharp enough, it is 
only necessary for the output signal to be above or below 

7 See sections, 2, 5,3, and 5, respectively, of footnote references 
3-5. 

8 G. A. Campbell and R. M. Foster, "Fourier Integrals for Prac-
tical Application," Bell System Monograph B-584; 1931. 

the critical gating level by a safe amount in order to pass 
or reject a timing pulse. The gating signal can therefore, 
if necessary, retain its full amplitude for a number of 
pulse times if it represents an unbroken sequence of 
pulses, only dropping below the critical level when it is 
necessary to reject one or more pulses. Such a represen-
tation of pulse signals is known as a "pulse envelope" 
system, and can be shown to result in a reduction by a 
factor of two in the bandwidth requirements for trans-
fer of a given amount of information per unit time. 

IV. CONSTRUCTION 

Further details of the mercury tanks are shown in 
Figs. 2, 3, and 4. Fig. 2 shows the construction of the 

MERCURY 

CRYSTAL MOUNTING DETAIL FOR 
ACOUSTIC DELAY REGISTER 

7 ,, 

CRYSTAL 

Fig. 2 

ELASTIC 
WASHER 

CERAMIC 
SUPPORT 

SILVERED 

END VIEW CF 
SUPPORT 

crystal mounting. The ceramic support is silvered; one 
surface of the crystal is silvered, and the two are soldered 
together. The silvering is carried around the support to 
Provide a connection to the back electrode; the mercury 
itself forms the front electrode. The support provides 
the proper acoustic termination for waves from the rear 
surface of the crystal. A threaded brass retaining ring 
and elastic washer hold the crystal support in the end 
of the mercury tank. Fig. 3 shows three crystals mounted 
on their steatite supports. 

Fig. 3 

Fig. 4 shows the various components of an 18-chan-
nel tank. The end cells into which the crystal mountings 
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fit are shown at bottom left and right, surrounded by 
mounted crystal, retaining bushings, and short coaxial 
connectors which are used between crystal element and 
recirculation chassis. The mounted crystals fit into the 
holes in the end cells and bear against retaining plates 
having holes slightly smaller than the crystals; these 
plates are shown just below the tank cylinder, with the 
liners used to reduce cross talk. Above the cylinder are 
tie rods which hold the assembly together, and at the 
right is one of the supports which center the assembled 
tank inside the outer jacket. The components at bottom 
center form an expansion chamber for the mercury. All 
metal parts in contact with mercury are made of a spe-
cial stainless steel. 

Fig. 4 

The outer surface of the cylinder will be coated with 
insulating resin and wound with resistance wire, which 
serves as a heating element. The latter is part of a tem-
perature control system which keeps the repetition rate 
of the pulses in synchronism with the clock or timing 
pulses. Here we note another advantage of the common 
mercury pool over a group of separate tanks: it is now 
easy to keep the temperature of all channels uniform. In 
the proposed designs of some previous computers, com-
pensation for changes in mercury temperature was made 
by varying the clock frequency through a reactance 
tube. Now, because of the ease with which the mercury 
temperature can be controlled, it becomes possible to 
revise this procedure and use a crystal-controlled oscil-
lator in the clock, which in turn controls the mercury 
temperature, and hence controls the circulation time of 
the tanks. This greatly simplified the problem of keeping 
all parts of the computer in synchronism, and in particu-
lar makes it easy to use a single clock to control two 
computers. The latter arrangement is valuable in cases 
where it is necessary to provide continuous checking of 
results by intercomparing the operation of the two com-
puters. 
Fig. 5 is a block diagram of the temperature control 

system. One channel in the multichannel tank is re-
served as a temperature control channel. By means of a 
frequency divider, the timing pulse frequency is divided 
down to produce a series of pulses having a repetition 
rate corresponding to an integral submultiple of the to-
tal number of pulses stored in the tank. This submulti-
ple is ordinarily made equal to the number of pulses in 
each number stored in a tank; for example, if each num-
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ber requires 50 pulses to represent it, the basic pulse rate 
is divided by 50. Division is accomplished by means of 
an electric delay line with a single pulse circulating in it. 
This technique yields a large division ratio of precision 

equal to that obtained by a successive division, using a 
number of multivitiators or blocking oscillators in cas-
cade. The pulses from the divider, which we may think 
of as corresponding to the last pulse in each number, are 
referred to as p0 pulses. They are supplied to the input 
gate of the temperature control channel and also, through 
the mercury line and a delay flop, to the output coinci-
dence gate. Timing pulses are also applied to these gates 
to increase the accuracy of temperature control. This 
technique results in an over-all temperature control of 
+ 0.3° absolute. 
If the capacity of a memory channel is, say, twenty 

12-digit numbers, and the delay is accurately adjusted, 
then any p0 pulse entering the input will, after going 
through the line, coincide with the twentieth subsequent 
p0 pulse at the output gate. If the temperature is a little 
too high, however, the pulse through the line will arrive 
too late and fail to gate the twentieth following pulse. If 
the temperature is correct, the pulse from the line will 
have just reached half amplitude when the timing pulse, 
as gated by the twentieth following pulse, arrives, and 
the gate will produce an output pulse of intermediate 
amplitude. Finally, if the line is too cold, the pulse 
through the line will arrive too soon; ordinarily it would 
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again fail to gate the twentieth following pulse, but 
if it is used to trigger a delay flop, the effect is to pro-
duce a pulse of maximum amplitude at the output of 
the gate. Thus the effect of the circuits shown is to 
produce an output signal whose amplitude is propor-
tional to the amount of heat which should be supplied 
to the line to assure perfect synchronism. The gate out-
put is fed to a peak detector to smooth out the pulse 
signal into a continuous signal which, after suitable 
amplification, controls the current to the heater coil 
around the tank. 

A similar effect could have been achieved by using an 
average detector whose output is proportional to the 
amount of overlap of the p0 pulse and the signal from 
the line. Because of the low duty cycle, however, the de-
tector output would be small and would require a con-
siderable amount of amplification. The circuit used, giv-
ing an output whose amplitude varies in accordance 
with the relative position of a standard pulse and the 
relatively gradually sloping front of the signal from the 
line, in combination with the peak detector, gives a sig-
nal which requires little amplification. 

Fig. 6 

Fig. 6 shows the outer cylinder mounted between its 
supporting end castings and surrounded by terminal 
boards to receive the plug-in recirculation chassis. The 
space between inner and outer cylinders is filled with 
santocel, a good thermal insulator. The radially disposed 

holes near the ends of the cylinder receive the short co-
axial connectors shown in Fig. 4. 
In the plug-in recirculation chassis shown in Fig. 7, 

the four tubes at the left are the band-pass amplifiers, 
type 6A K5. These are followed by a detector using ger-
manium crystals, and an AVC circuit. The latter fea-
ture is essential to compensate for changes in gain due 
to tube aging. A 5005 amplifies the detector output sig-
nal and applies it to the output and recirculation gates; 
the recirculation and input gates feed another 5005 
which drives the clock gate. Timing pulses from the mas-
ter oscillator are fed to the other input of this gate. 
Finally, the output of the clock gate is fed to a 5005 
driver which applies the reshaped and retimed signals to 
the crystal at the input end of the mercury column. 
All gating is done by means of germanium diodes, 

which, because of their low forward impedance and small 
shunt capacity, are useful for gating operations at high 
pulse rates. The gating circuits are shown in Fig. 8. 
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Crystals which are normally conducting are shaded. The 
load resistors and the voltages to which they are con-
nected are so chosen that the signal developed across the 
load resistor will not be sufficient to actuate the follow-
ing circuit if only one of the crystals is conducting. How-
ever, it will actuate the following circuits if both crystals 
do not conduct. For example, an input signal will cut off 
current in the right-hand crystal of the input gate and 

cause somewhat less voltage drop across the load re-
sistor, but the resulting signal will be of insufficient am-  ti 
plitude to cause the lower buffer crystal to conduct, un-
less a gate signal is simultaneously applied to the left-
hand crystal of the input gate. The gates are not ampli-
tude-sensitive in the usual sense, as input signals need 
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only have sufficient amplitude to cut off their respective 

crystals. 
Wave forms of the signals at various points in the 

system are shown in Fig. 9. The top curve shows the out-
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put of the clock gate as it is applied to the grid of the 
driver tube. Below_ is the voltage developed by the out-
put crystal; it goes through about one and one-half os-
cillations as a result of bandwidth limitations in the 
tank. 
The next curve is the output signal from the band-

pass amplifier. In order to obtain adequate gain without 
too many stages, only sufficient bandwidth to pass a 
usable signal has been used; hence the amplifier intro-
duces a noticeable amount of phase and amplitude dis-
tortion. The lower curve shows the detector output volt-
age; it is this signal which is amplified and used to gate a 
timing pulse, resulting in a signal of the form shown in 
the top curve in Fig. 9. 

C 

V. CONCLUSION 

This paper has reviewed the results of developmental 
study of the basic acoustic delay line memory. As a re-
sult of this development, it was shown that it is possible 
to transmit and receive intelligence at the rate of 
5,000,000 binary digits per second. This is a considerable 
extension over previous telegraphic keying rates and is 
thus of interest in its relation to information theory. 
Of the various techniques employed to extend the use-

ful frequency range of memory systems, the application 
of the pulse envelope system is probably the most sig-
nificant in that it represents an important contribution 
to the concept of transmission of intelligence. Its impor-
tance lies in the fact that it provides a simple means of 
increasing the effective bandwidth of a transmission sys-
tem without the necessity for a corresponding improve-
ment in the characteristics of the components of the 
system. Another contribution was the application of 
germanium crystal gating circuits which permitted the 
effective control of signals at this high pulse repetition 
rate. The circuits developed in this work have found 
many other applications in the arithmetic and control 
circuits of computers. 
The use of a single pool of mercury for multiple chan-

nels of information reduced the physical size of the whole 
memory system. As a result of the intimacy of metal 
contact between the channels, temperature gradients 
were greatly reduced, the temperature control problem 
was simplified, and synchronous operation of two com-
puters for checking purposes facilitated. 
The acoustic memory described represents one of the 

first practical applications of techniques which have ex-
tended the useful audio transmission range from its pre-
vious limits of some 150,000 cps to a new present value 
of 30 million cps or more. 
This paper has reviewed the several improvements 

that have been made which helped to extend the useful 
acoustic transmission range. 

(,0 R R ECTION 

A drafting error in the paper, "A Digital Computer for Scientific Applica-
tions," by C. F. West and J. E. DeTurk, which appeared on pages 1452-1460 
in the December, 1948, issue of the PROCEEDINGS OF THE I.R.E., has been 
brought to the attention of the editors by the authors. The error was made in 
Fig. 10, on page 1457, in which the signals feeding through 1N34 crystals to the 
grids of the indicated flip-flops should be transposed. 
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An Analysis of Magnetic Amplifiers with Feedback* 
D. W . VER PLANCKt, M . FISHMANtt, ASSOCIATE, IRE, AND 

D. C. BEAUMARIAGEt,  UDENT MEMBER, IRE 

Summary—Two ways of obtaining feedback in magnetic ampli-
fiers are studied. One, termed external feedback, employs a bridge 
rectifier and separate feedback coils, while the other, termed self 
feedback, uses two rectifiers so disposed that separate feedback 
windings are unnecessary. Commutation of the rectifiers, apparently 
not considered heretofore, is shown to be of major importance. The 
calculated currents are confirmed satisfactorily, both in shape and 
magnitude, by experimental checks. The two feedback methods 
are compared, and it is found that self feedback is advantageous. 

INTRODUCTION 

ASIMPLE magnetic amplifier consists of two iden-
tical single-phase transformers having one pair 
of similar windings in series with an ac source 

and a load, and the other pair in series with a dc source. 
A small direct current in the latter windings, through 
saturation of the cores, determines the inductive react-
ance presented on the ac side and so controls the load 
power. This and similar types of magnetic amplifiers are 
treated in a companion paper.' A more complex type 
achieves greater sensitivity through positive feedback 
or self-excitation schemes well known in practice1 -6 The 
purpose here is to treat these feedback circuits more pre-
cisely than has been done before. 
One way of obtaining feedback is shown in Fig. 5, 

which is derived from Fig. 1 of the companion paper' 
by adding a third set of windings 1\73 to each core and 
connecting them to a bridge rectifier in series with the 
load. The mmf's produced in the feedback windings Ar3 

reinforce those produced in the control windings NI, so 
that a given average saturation is achieved with less 
control current than would be needed without feedback. 
This arrangement is identified here by the term "ex-
ternal feedback." 
A less obvious way of obtaining feedback is shown in 

Fig. 1, which is identical with Fig. 4 of the companion 

*Decimal classification: R363. Original manuscript received by 
the Institute, October 1, 1948; revised manuscript received, Feb-
ruary 24, 1949. Presented, National Electronics Conference, Chicago, 
III., November 6, 1948 This work was done in part under Office 
of Naval Research Contract N6ori-47 Task Order V, and in part was 
submitted by M. Fishman in partial fulfillment of the requirements 
for the degree of doctor of science at Carnegie Institute of Tech-
nology. 
f Carnegie Institute of Technology, Pittsburgh, Pa. 
ft Formerly, Carnegie Institute of Technology. 
' D. W. VerPlanck and M. Fishman, "An analysis of interlinked 

electric and magnetic networks with application to magnetic ampli-
fiers," scheduled to appear in an early issue of the PROC. I.R.E. 

2 E. C. Wentz, "Direct-current controlled reactor," Electric Jour., 
vol. 28, p. 561; October, 1931. 

3 T. Buchhold, "Cber gleichstromvormagnetisierte Wechselstrom-
drosselspulen und deren Rtickkopplung," Arch. fur Elek., vol. 36, 
p.221; month, 1942. 

4 T. Buchhold, "Zur Theorie des magnetischen VerstIrkers," 
Arch. fur Elek., vol. 37, p. 197; April, 1943. 

6 H. S. Kirschbaum and E. L. Harder, "A balanced amplifier using 
biased saturable core reactors," Trans. AIEE, (Elec. Eng.) vol. 66, 
pp. 273-278; 1947. 

6 A. Uno Lamm, "Some fundamentals of a theory of the trans-
ductor or magnetic amplifier," Trans. AIEE, (Elec. Eng.) vol. 66, 
pp. 1078-1085; 1947. 

paper,' except for the addition of a rectifier in series 
with each of the two load coils. During one half cycle 
the load current links one core and during the next half 
cycle the other, thus producing direct components of 
mmf which aid those produced by the control current, 
and so gives feedback without additional windings. The 
term "self feedback" is used for this circuit. 

Fig. 1—Magnetic amplifier employing self-feedback. 

The purpose here is to calculate the currents as func-
tions of time under steady-state conditions for the self-
and external-feedback circuits, and then to compare the 
two arrangements. 

METHOD OF ANALYSIS 

The analysis is similar to that in the companion pa-
per.' The simplifying assumptions are that: 

(a) The load is replaced by a short circuit, so that a 
sinusoidal voltage is impressed directly on the 
amplifier terminals; 

(b) The control circuit is connected to a constant dc 
source having no impedance; 

(c) Steady-state conditions exist; 

(d) Eddy currents and hysteresis are negligible, and 
the B—II relationship is given by the normal mag-
netization curve of the core material; 

(e) Leakage fluxes are negligible, and the flux density 
is uniform throughout each core; 

(f) Coil resistances are very small, although not neg-
lected entirely; and 

(g) Rectifier reverse resistances are infinite, and for-
ward resistances are very small and constant. 

Briefly, the procedure is to apply Kirchhoff's voltage 
law to the electric network and solve for the magnetic 
fluxes in the cores; use the magnetization curve of the 
material to find the corresponding mmf's; apply Am-
pere's law to each core to relate mmf's and currents; 
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and, finally, solve for the currents. In doing this, it is 
necessary to account for commutation periods in which 
all rectifiers conduct simultaneously. 
As it is the simpler of the two arrangements to be 

studied, the self-feedback circuit is treated first. 

SELF-FEEDBACK CIRCUIT 

Referring to Fig. 1, and replacing the load by a short 
circuit, Kirchhoff's voltage law gives three equations 
represented in matrix form as 

Ed 

E. cos cut = ! 
Em cos cot 

I% 71 

N2 0 

0 —N2 

2121 0 

0  R2+Rr 

0  0 

• ii 

R2 ± R„ 

i2 

13 

. (1) 

ks units are used and the symbols are as shown in 
Fig. 1, with the addition that R1 and R2 are, respec-
tively, the resistances of each of the single windings N1 
and N2, and R, is the rectifier resistance equal either to 
a small and constant value or infinity, depending on 
whether or not the rectifier is conducting. 
When rectifier a -alone is conducting, the positive pe-

riod, only the first two equations of (1) are useful. Sim-
ilarly, in the negative period, when b alone conducts, 
only the first and last of (1) apply. All three are useful 
in the commutation period when both a and b conduct. 
The fluxes are found by simultaneous solution of the 

appropriate voltage equations, assuming that the re-
sistance drops (and hence Edc) are negligible. Flux den-
sities B. and Bp in the respective cores are then found 
by dividing the fluxes by the core area A. Each period 
must be treated separately but in each case the result 

is the same, namely 

B. = Bm sin cot + Bo  (2) 

Bo = — B„, sin cot + Bo  (3) 

where B„,=E„,/N2coA. Bo, the average flux density in 
each core, to be determined, is the same throughout the 
cycle because the linkage of the cores by closed circuits 
of finite resistance prevents sudden changes of flux at 
the transitions between periods; also, considering sym-
metry, it is clear that Bo is the same for each core. For 
the commutation period, only two of the three voltage 
equations are needed to determine the flux densities; 
the third equation is useful later. 
The field intensities are derived from the flux densities 

through graphical use of the magnetization curve, as in 
Fig. 5 of the companion paper.' In functional notation, 
the relationship is 

= I1(13„, sin cot + Bo)  (4) 

ll = //( — B„, sin coi + /30)•  (5) 

The required mmf's are, respectively, LH. and Llis 
where L is the mean length of core. Then, applying 
Ampere's law, two equations result which in matrix 

form are: 

N 

N 

N2  0 

0  — N2 

Ii 

i2 

LI1. 

LHo 
(6) 

In the positive and negative periods, 13 and 12 are respec-
tively equal to zero, and the remaining two currents are 
found directly as shown in Table I. 

TABLE I 

EXPRESSIONS FOR CURRENTS IN AMPLIFIER 
WITH SELF-FEEDBACK 

Period Currents 

Positive 
i,mLH8/Nj 
is= L(Ha-1113)/ 2V2 
1.3 = 0 

1:2  i3 = L(14. - 118)/ N2 

Commutation 
it= [k/L(H.+H8)/2+NiI3J/ Ni(l+k') 
i2= Ve'L(Ha — Ht3)/2+Llia — Nsh 1/N2(1 +k') 
i3= WL(Ha—H,e)/2—L.Flp+  N2(1 +k') 
L(1-1.—Hs) / 

Negative 
is= LI-1.11V1 
iz=0 
is= L(11.-1-18)/ 

4-1-ia= L(14,-14)/ Ns 

In the commutation period all three currents have 
values, and so an additional equation is needed. This is 
obtained by eliminating the rates of change of flux from 
(1) but without neglecting the resistance drops. This 
equation and (6) are solved simultaneously, with the 
results shown in Table I. In these expressions, 

Ed  c  1 f  2r 

i = —  =  7 —  ild(W1), 

2R  2 

the average (dc) value of the control current, and 

Ni 2 R2 +R,. 
k' = \N2 1  R1 

(7) 

(8) 

Thus, as in circuits with parallel-connected load coils,' 
resistances determine the currents when the mmf can be 
supplied in part by currents in either of two paths, even 
though the resistances may be negligible in other re-
spects. Here the two paths are the control circuit and 
that through the two load coils and two rectifiers in 
series in the forward direction. 
Although expressions for the currents have been de-

rived for all periods of the cycle, the average flux density 
Bo, which enters all of the expressions, and the times of 
transition between periods have not been found. To 
determine these unknowns requires a graphical trial 
and error process, illustrated in Fig. 2, and consisting 
of the following steps: 
(a) A value of Bo is assumed. 
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(b) The centers of the commutation periods are 
located by plotting Ni(44-4), which, as is indi-
cated in Table I, is independent of transition 
times. 

(c) As a first trial, commutation is assumed instan-
taneous and N,11 is plotted using the expressions 
in Table I for the positive and negative periods 
(positive and negative referring to the sign of 
ii-f-io) and continuing the plots to their inter-
sections as shown by (I) in Fig. 2. 

(d) The average control excitation NI/1, defined by 
(7), is found from the area under Niii as plotted 
in (c). 

(e) The value of N1/1 from (d) is used to obtain a 
second approximation to N,i, in the commuta-
tion period, (2) in Fig. 2. 

POSITIVE PERIOD - PERIOD -it- NEGATIVE  PERIOD  —•• 

Fig. 2—Successive approximations to Mil and the limits of the com-
mutation period. The first three approximations to N,i, and the 
correct value are shown by 1, 2, 3 and 4, respectively. 

NI= 500 turns 
N,-4000 turns 

s/2 volts 

= 2s-60 sec-' 
L..0.18 meters 
A •••4.2 X10" (meters)' 

RI... 35 ohms 
R,-190 ohms 

50 ohms 

This leads to a new value of N 1/1, which is used to cor-
rect N111, and so on. The process converges rapidly, the 
fourth approximation to N1/1 in Fig. 2 being essentially 
correct. Thus the transition times are located, and the 
currents are completely determined for the assumed Bo. 
If the problem must be solved for a specified I, a suc-
cession of values of Bo are tried until the one correspond-
ing to the desired /1 is found. 

Experimental checks are given in Figs. 3 and 4, which 
are for the circuit parameters of Fig. 2 and for the mag-
netization curve shown in the companion paper.' Fig. 3 
compares calculated currents (plotted as ampere-turns) 
with points measured from oscillograms for the same 
conditions as Fig. 2. Fig. 4 compares calculated and 
measured external characteristics over a range of Nth 
with other quantities fixed at the values of Figs. 2 and 3. 
The load current 12-f-io was measured with a rectifier-
type ammeter, and calculated from areas under curves 
of instantaneous currents like that in Fig. 3. 

-300 0 
U T. 

Fig. 3 Calculated instantaneous ampere turns for the (in  of Fig 
1 compared v. iult points measured from oscillograms. Circuit 
quantities a, in Fig. 2 and N1/1 -= 17 
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Fig. 4— Cotnparison of calculated and extvrimentallv determined 
characteristic curve. for the self feedback circuit, Fig. 1. Cita la! 
quantities as given for Fig, 2. except that N,/, is varif,1. 

EX TER NA 1.- FEEDBACK CIRCUIT 

In the circuit with external feedback, Fig. 5, ::1111 
one must consider three periods: the positive period, 

Fig. 5— Magnetic amplifier elliph•ving 1•• IC1,11.11 f(4.(11).11 
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when rectifiers aa alone conduct; the negative, when 
bb conduct; and commutation, when all four conduct. 
For the control circuit one voltage equation applies 

throughout, namely, 

4dc = N  a + 4)10  2R1i1.  (9) 

During the positive period, 12 =12, and the voltage 
equation for the load circuit is 

E. cos cot = (Ns  N 2);ka  (N — N2)0 

2(R2 + R3 + R,)12.  (10) 

In the negative period, is= —is, and the voltage equa-
tion may be obtained from (10) by changing N3 to —N3. 
For the commutation period, (10) is replaced by two 

voltage equations: one for the loop through the gener-
ator, the coils N2 and either pair of fectifiers ab, 

E. cos cot = Ns(iba — (i)s)  (2R2  R)is,  (11) 

and the other for the loop through the coils N3 and a 
pair of rectifiers ab, 

0 =  il,$)  (2R3  Rr)is.  (12) 

Simultaneous solution of the appropriate voltage 
equations for each of the periods results in expressions 
for the flux densities B. and Bp in the respective cores 
identical with (2) and (3) for the self-feedback case, ex-
cept that here B.,=E„,/2ArscoA. As in the previous case 
the field intensities are given by (4) and (5). 
The mmf conditions in matrix form are: 

NI N2  N3 

N1 —N2 N3 

is 

12 

is 

LH. 

LHp 
.  (13) 

For the positive and negative periods, is is equal respec-
tively to -Fis and —is, and (13) may be solved for the 
currents. For the commutation period, it is necessary 
to get another equation from the voltage conditions, as 
in the self-feedback case. Doing this, the currents in all 
three periods are found readily, as shown in Table II. 
Here II is defined exactly as in (7), and 

= Ni  2R3  R, 

\N3 1  2R1 

TABLE II 

EXPRESSIONS FOR CURRENTS IN AMPLIFIER 
WITH EXTERNAL FEEDBACK 

(14) 

Period  Currents 

Positive 
iI=L1(1 — Ns, NI)Ha+ (1 + Ns/ NO Hp 1/2N1 
is=L(H. — Hp JI2Ns 

Commutation 
rk" MM.+ Hp)12+ W I] N1(1 +k") 

is= Lill.— Hp)/2Pli 
ism P Hs+110) /2 —  +k") 

Negative 
11•. L[(1+ Ns/ Nala+ (1 — Ars/ Ns)lip 
12—L [Ha —110 1/2 

The limits of the commutation period and the relation 
between Bo and I are found by trial, as explained for 
the self-feedback case. 

Fig. 6—Calculated excitation curves for" the circuit of Fig. 5, showing 
the effect of varying the number of feedback turns while keeping 
the total amount of copper in feedback and control windings con-
stant. 

Fig. 6 and Table III show an application of the fore-
going analysis of the magnetic amplifier with external 

TABLE III 

EFFECT OF FEEDBACK TURN RATIO ON CONTROL POWER 
REQUIRED FOR A PARTICULAR CASE 

Ns/Ns N15/R1 NO/Rs Ws /M I= (N1/02/(NI2/RI) 

0 18,400 0 85 0.39 
1.0 3,400 15,000 25 0.18 
1.2 400 18,000 1.4 0.0049 

feedback. The purpose is to show how varying the feed-
back turns affects the control excitation and power. 
The load windings N2, the magnetic quantities B„, and 
Bo, the ac voltage, and the load current remain the same 
throughout. That is, conditions on the ac side are iden-
tical for the three cases shown. The total amount of 
copper in the control and feedback windings together is 
kept fixed by holding the quantity (N12/R1-l-N12/R8) 
constant, but the distribution of copper between these 
windings is varied. Forward resistances of the rectifiers 
are neglected in these calculations. The last column of 
Table III shows how greatly the power which must be 
supplied by the control source can be reduced in this 
particular case by using feedback. These results, how-
ever, must be viewed with some caution, because an-
other effect of high feedback may be to cause the ampli-
fier to become unstable. The present analysis is also use-
ful in the study of stability. 

COMPARISON OF SELF- AND EXTERNAL FEEDBACK 

In comparing the self- and external-feedback circuits, 
Figs. 1 and 5, one must note that the latter is more 
flexible in that there may be various amounts of feed-
back, depending on the number of turns Ns. The com-
parison, therefore, is made on the basis that the feed-
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back and load coils in the external-feedback circuit are 
equal; that is, 

• 
Ng =  N2 

R3 =  R2. 

(15) 

(16) 

With this condition, Tables I and II show that the ex-
pressions for control currents in the two cases and for the 
load currents (12 and 12+13, respectively) become identi-
cal if 

k' = k" 

N1' = N1" 

N2I = 2N2 " 

(17) 

(18) 

(19) 

where single primes are used for self-feedback quanti-
ties and double primes for external feedback. The cur-
rents actually will be identical if L, H., and 110 are the 
same in the two cases. This identity will exist if core 
dimensions and material are identical, and impressed 
ac voltages and average values of control current I are 
the same. 
Having established these conditions for identity of 

magnetic conditions and of external currents in the two 
cases, it follows that 

R21 +  R,' = 2(2R2" + R/1), 

provided that 

, (20) 

= R1".  (21) 

With these relations between resistances and the 
other conditions of equivalence, it is found, using the 

expressions for the currents in Tables I and II, that the 
PR losses in the control windings are the same at every 
instant, and similarly in the load and feedback windings 
and the rectifiers taken together. Thus the performance 
of the two arrangements will be identical in all respects 
under the conditions set. Examination of the relations 
between resistances and numbers of turns shows, how-
ever, that external feedback requires twice as much 
copper in the load and feedback coils together as is 
required in the load coils of the self-feedback circuit. 
Thus, for equivalent performance, the self-feedback 

arrangement, Fig. 1, can be made smaller than that 
employing external feedback, Fig. 5, and is therefore 
superior provided that the feedback turn ratio N3/N2 
desired is unity. For greater feedback turn ratio, a com-
bination of the arrangements is indicated ;° rectifiers be-
ing provided as in Fig. 1 to give most of the feedback 
effect, and booster windings like N g in Fig. 5 being 
added to supply additional feedback as desired. 

CONCLUSION 

Two well-known methods for obtaining feedback in 
magnetic amplifiers have been analyzed quantitatively, 
with results that are checked closely by experiment. 
The analysis has been used to show quantitatively how 
feedback reduces the control excitation requirements 
and to compare the two feedback arrangements. 
The analysis takes account of commutation, or simul-

taneous conduction of the rectifiers, a phenomenon 
which does not seem to have been considered so far, 
although it may have been observed.' 
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OPERATION 

Summary—This is the second part of a paper on the design, 
construction, testing, and operation of electrical networks capable 
of obtaining solutions of the wave equation in both two-dimensional, 
axially symmetric, cylindrical co-ordinates and rectangular co-or-
dinates. The circuit yields information on TEM, TM„„,(n) and 
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IRE, AND 

TE„(n) modes of concentric lines, waveguides, and resonators. 
Field plots of electric- and magnetic-field configurations are directly 
available, and resonant frequencies of cavities, equivalent imped-
ance, reactance characteristics, Q, and propagation characteristics 
can be determined. 

I NT R ODUCTIONT 

IN PART I, the general theory, design, and construc-tion of two network analyzers for solution of the 
wave equation in both two-dimensional, axial sym-

metric, cylindrical co-ordinates and rectangular co-or-
dinates were discussed. This section will deal only with 
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the testing and general use of the networks. These net-
work analyzers have been used at Stanford University 
for about two years, and have been found to be very 
helpful in the general solutions of field problems. The 
applicability of the network has been well established 
by comparing numerous results with known cases. The 
various boundary conditions that must be met and their 
apparent position in respect to the network are dis-
cussed. Techniques for testing and solving special prob-
lems, such as resonator characteristics, obtaining of 
field plots, and the measurement of shunt resistances 
and Q, are presented. 

IV. NETWORK ADJUSTMENT 

A. Tuning the Cylindrical-Co-ordinate Network 
The only tuning involved on the .network is that of 

adjusting the trimmer capacitors. The inductances can 
be assumed to be correct from their original calibra-
tion. In tuning the capacitor, it was found that the most 
accurate method of adjusting the capacitors was a 
resonance-substitution method applied to each ca-
pacitor individually. Since the capacitance values vary 
with radius, this involves a number of different adjust-
ments consuming considerable time. A careful adjust-
ment of all the network capacitance values requires ap-
proximately two man days of work. 

B. Tuning the Rectangular-Co-ordinate Network 

Similarly with this network, the only adjustment is 
that of the capacitance values. The uniformity of his 
network makes these operations relatively simple. 
Methods were developed for checking both continuity 

in coils and adjusting capacitor values which did not re-
quire that any coils be unplugged from their operating 
positions in the clips. 
Adjustment of capacitance values was facilitated by 

the fact that the coils uniformly had a natural resonant 
frequency of 2 Mc. At this frequency, they exhibited a 
very high resistance compared to the proper value of 
capacitive reactance. Accordingly, a special coil was 
designed to be clipped across the capacitors and to be 
resonated with the proper value of capacitance at 2 Mc. 
Resonance was indicated with a Measurements Corpo-
ration Megacycle Meter. By this method, it was pos-
sible to adjust all the capacitances to a high degree of 
accuracy in approximately one-half man day. 

V. USE OF THE NETWORKS 

A. Use of the Cylindrical Network 

1. Determination of Cavity Resonant Frequencies. The 
determination of the resonant frequencies of cavity 
resonators is relatively simple. A scaled outline of the 
cavity is set up on the network by opening the circuit 
at the boundary corresponding to the cavity walls for 
TM0 modes and shorting capacitors to ground for TE0 
modes. The network is then excited from a variable-fre-
quency oscillator, and the frequency of oscillation varied 
until a resonance is obtained. Excitation of the network 

is achieved by simply connecting the ground plane and 
an arbitrary point of the network lattice to the oscil-
lator through a high series resistance (100,000 ohms) 
simulating very loose coupling. Coupling may also be 
had inductively by a coupling loop in the vicinity of 
one of the network coils. It should be borne in mind that, 
for a given boundary condition, i.e., either open or short 
circuit there will be revealed resonances of the cor-
responding mode type only; i.e., TM0 and TE0, respec-
tively. It should also be borne in mind that the cor-
responding edge of the field is different for the two 
types of boundary conditions. When the conductor is 
represented by an open circuit, the effective field bound-
ary is very nearly one-half section beyond the capacitor 
at which the network is opened. For the short-circuit 
type of boundary, however, the effective edge of the 
field is at the short. These end corrections are the same 
by test for either radial or longitudinal boundaries with 
the cylindrical-co-ordinate network. A similar end cor-
rection applies to the rectangular-co-ordinate network. 
2. Resonator Tuning Curves. Resonator tuning curves 

as one dimension of a cavity is varied are obtained by 
the method related in the previous section. It is only 
necessary to record and plot resonant frequency as a 
function of the corresponding cavity dimension. A 
curve of resonant wavelength versus cavity length for a 
concentric-line resonator is shown in Fig. 6. This figure 
exhibits several groups of curves for different modes 
and different ratios of radii in the concentric-line por-
tion. The curves have been extended to allow the 
plunger to protrude into the end space of the resonator. 
3. Cylindrical Cavity Field Plots. For cylindrical TEM 

and TM0 modes, the modes of usual interest, complete 
magnetic- and electric-field plots are obtained from the 
junction voltage-to-ground data at network resonance. 
Since voltage to ground corresponds to magnetic field 
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multiplied by radius, it is only necessary to divide 
voltage values by the radius to get the relative magnetic 
field. 
A type of electric-field plot is given directly by con-

tours of constant network voltage to ground. Such con-
tours have the direction of electric flux lines. Flux den-
sity is, however, given by line density of the voltage 
contours divided by radius. While this has not been a 
common convention for plotting electric flux fields, it 
should be pointed out that it is the only correct con-
vention for cylindrical geometries which permits the 
use of continuous lines when such lines are not all parallel 
to the axis. In working with the network it has been 
found desirable to use the above convention exclusively 
because, in the first place, it is the only consistent con-
vention which can be used for general field configura-
tions, and, in the second place, such field plots are given 
directly by contours of constant voltage on the network. 
The reason for the above relations is seen from equa-

tions (7) and (8) in Part I. Here it is seen that the elec-
tric flux density multiplied by radius is a vector whose 
magnitude is proportional to the gradient of ras, (hence 
of network voltage to ground), and whose direction is 
normal to the gradient of rI4 (or network voltage). 
Since the direction of the electric flux is normal to the 
gradient of r114, (network voltage), which, in 'turn, is 
normal to the contours r1/4, (network voltage), then the 
electric flux has the direction of contours of constant 
rH. (network voltage). Since the gradient of rllo (net-
work voltage) is proportional to electric field multiplied 
by radius, then the electric flux density is given by the 
density of lines of constant rild, (or network voltage) 
divided by the radius. 

Fig. 7—Electric-fie d plot for a re-entrant cavity resonator 
operating on a three-quarter wave mode. 

Shown in Fig. 7 is an electric-field plot of a three-
quarter-wave resonance in a concentric-line resonator, 
drawn according to the convention given above. An 
interesting feature of higher-order modes, not ordinarily 
appreciated but revealed here, is the fact that, whereas 
with higher-order TEM and TM° modes there is always 
a nodal surface of magnetic field, there need not be a 
true nodal surface of electric field. There will, however, 
always be a pseudo-nodal surface of electric field which 
can be drawn through a point of zero electric field, 
which will always exist in such a way that no power is 
transmitted across this surface and such that, if the sur-

face were replaced by a conductor, the two resonators 
thus created would have field configurations like por-
tions of the orginal and would resonate at the same 
frequency as the entire cavity. The "nodal" surface of 
electric field having these properties is shown by a 
dashed line in Fig. 7. 

4. Determination of Shunt Resistance and Q of Cylin-
drical Cavity Resonators. The cylindrical-co-ordinate net-
work can be used to measure the shunt resistance and 
Q of cavity resonators directly. The details of the 
method of measurement and a discussion of some re-
sults obtained by its application will be given in a sub-
sequent paper.' In this paper there will only be given a 
statement of the principles involved. 

Since the network is the electrical analogue of the field 
problem, it is expected that its Q and input resistance 
should be related to those of a cavity resonator it repre-
sents. Normally, the network will correspond to a cavity 
with a nonuniform lossy dielectric, the series resistance 
of the inductances corresponding to the dielectric loss. 
To represent wall losses, it is necessary to shunt the 
terminal capacitances of the network with resistances 
which are large compared to the capacitor reactance 
and which increase linearly with radius. 

In making measurements upon a network loaded with 
terminal resistors to represent wall losses, it is necessary 
to separate the effects of the power losses in the terminal 
resistors and in the coils themselves. For Q measure-
ments, the Q of the network must be measured with 
and without the terminal resistors, thus determining the 
Q resulting from the terminal resistors alone. This value 
will be proportional to the cavity-resonator Q. The 
appropriate proportionality factor may be measured or 
deduced theoretically. 

In making shunt-resistance measurements, use can 
be made of the fact that for TEAf and TAfo modes, the 
network quantities are the inverse of the field quantities; 
thus the electric field is represented by a network cur-
rent. Accordingly, it is expected that the equivalent 
circuit of the network, as measured at the cavity gap, 
should be the inverse of the cavity-resonator equivalent 
circuit. Since the equivalent circuit of a cavity is given 
closely by a parallel combination of shunt resistance, 
lossless inductance, and capacitance, it is expected that 
the equivalent circuit of the network will be a series 
combination of resistance, inductance, and capacitance. 
This series impedance is measured by opening the net-
work at the point where the radial gap currents flow into 
the axis circuit. It is further expected that the con-
ductance of the series network equivalent will be pro-
portional .to the shunt resistance of the cavity. Here, 
again, it is necessary to separate components of shunt 
resistance due to wall losses and dielectric losses. This 
is done by measuring the network series resistance with 

F. W. Schott and K. R. Spangenberg, "A network analogue ap-
proach to the study of cavity resonator losses," presented, 1948 West 
Coast IRE Convention, Los Angeles, Calif., October 1, 1948. 
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and without the terminal resistors. The conductance of 
the difference of the two series resistances thus measured 
is proportional to the shunt resistance of the cavity. 

B. Use of the Rectangular Network 

1. Determination of Resonant Frequencies of Cavities. 
The method used here involves excitation and variation 
of frequency until electrical resonance is observed by the 
same method used on the cylindrical-co-ordinate net-
work. Attention must again be given to proper bound-
aries and end corrections. As with the other network, the 
effective field edge is half a section beyond the capacitor 
at which the network is opened with open-circuit bound-
aries, and at the short with short-circuit boundaries. 
2. Tuning Curves. These are obtained by the same 

method as is used with the cylindrical-co-ordinate net-
work. 
3. Field Plots. These can usually be obtained di-

rectly from network voltage measurements. In the case 
of the modes referred to here as TM modes, network 
voltage to ground is directly proportional to electric 
field strength. A plot of contours of constant voltage to 
ground constitutes a magnetic flux plot. With TE 
modes, voltage to ground gives strength of magnetic 
field, and contours of constant voltage constitute an 
electric-field plot. - 
4. Measurement of Shunt Resistance and Q. Shunt re-

sistance and Q can be measured by the same general 
method indicated for cylindrical cavities. In the case of 
waveguide cavities operating on TM modes, however, 
the coil losses correspond to top and bottom surface 
losses. As a result, terminal resistors must be propor-
tioned relative to the coil resistance to represent prop-
erly side-wall losses. Also, care must be taken in repre-
senting losses associated with gap loading, which, be-
cause of high current densities near the gap, will often 
be as large as all other losses combined. 
5. Measurement of Ridge Waveguide Characteristics. 

Work on ridge waveguides has indicated a number of 
desirable characteristics.8 These include low cutoff fre-
quencies and increased separation of modes. Other char-
acteristics, such as increased attenuation and lower 
power-transmission capabilities, are less favorable. The 
characteristics of ridge waveguides can readily be deter-
mined with the rectangular network. The network, be-
ing restricted to two-dimensional problems, can only 
give the field configuration at cutoff; however, with 
both the field configuration and cutoff frequency known, 
all of the characteristics of the waveguide at any fre-
quency can be determined.8 
The principal characteristics of interest in ridge wave-

guides are the cutoff frequencies of the various modes 
and the impedance of the fundamental mode. Cutoff 

S. B. Cohn and P. Richards, "Very High Frequency Tech-
niques," McGraw-Hill Book Co., Inc., New York, N. Y., 1947; 
vol. II, pp. 678-684. 
' J. C. Slater, "Microwave Transmission," McGraw-Hill Book 

Co., Inc., New York, N. Y., 1942; p. 152. 

frequencies are readily determined by simply setting up 
the waveguide in cross section with open boundaries, 
according to the TE analogy previously given. The net-
work is then excited through a high series resistance to 
give the effect of loose coupling to a variable-frequency 
oscillator. The cutoff frequencies of the various TE 
modes of transmission are scaled by equation (12) in 
Part 1 from the frequencies at which the network reso-
nates. 
The characteristic impedance of a waveguide may be 

defined in terms of (a) equivalent current and voltage; 
(b) transmitted power and equivalent voltage; or 
(c) transmitted power and equivalent current." The 
current-voltage definition is always the geometric 
mean of the other two. The spread of values is of the 
order of 2 to 1 in ordinary waveguide, and is expected 
to be relatively small in ridge waveguide because this 
approaches a strip transmission line for which the three 
above impedances are identical'. The current-voltage 
definition is most useful in considering matching prob-
lems with two-conductor lines, and agrees most closely 
with the values measured through transducers from 
concentric line to waveguide. All of the impedance forms 
contain a factor which depends solely upon the geom-
etry of the waveguide multiplied by a frequency-de-
pendent term of the form (1 —7/2)'12 where n is the ratio 
of the cutoff frequency of the mode considered to the 
actual frequency. This factor is infinite at the cutoff 
frequency and drops to unity at infinite frequency. 
The current-voltage definition of impedance is 

lb Evmax dx 
z1 .v =  R 

H idx 
JL 

where the integral limits b, t, L, and R stand for bottom, 
top, left, and right, respectively, as shown in Fig. 8. All 
of the above quantities are simply related to the x 

(21) 

Fig. 8—Ridge-waveguide notation. 

component of magnetic field of which the network ana-
logue is voltage to ground. Specifically, 

j#Z all, 
E5= ----  (22) 

Ox 

—jo OH, 
Hz=  (23) 

IC2 ax 

where i3 is the phase factor, k is 27/X, and Z = (1— n2)-111 . 
With these substitutions, and replacing H. by V, net-

S. A. Schelkunoff, "Electromagnetic Theory," 1). Van Nostrand 
Co., Inc., New York, N. Y., 1943; pp. 319-324. 



870  PROCEEDINGS OF 7'HE I.R.E. August 

work voltage to ground, the impedance expression be-
comes 

Zr! = 337 

av 
(1 — 712)--1 /1  — dy 

OX 
ohms. 

VR — V. 
(24) 

From this it is seen that the impedance of the wave-
guide is given by 377 times the frequency factor, times 
the average transverse voltage gradient at the wave-
guide center, multiplied by the vertical dimension of the 
waveguide; all divided by twice the maximum voltage 
which appears on the edge of the network. Impedance 
values according to the other definitions are similarly 
obtained. 

C. Solution of Radiation Problems 

The networks may be used to solve antenna problems, 
give radiation patterns, surface currents, antenna im-
pedances, junction transformations, etc. To simulate 
radiation problems, it is necessary to simulate the an-
tenna contour and then terminate the edges of the net-
work in such a way as to eliminate reflection of waves 
from it. Experiments with network terminations have 
shown that standing waves of the order of 1.10 or less 
are readily obtainable. This makes possible the deter-
mination of radiation patterns. Antenna impedances 
can be measured directly. Reactance transformation of 
junctions can be tested by simulating the surrounding 
of the antenna with reflecting spheres of different radii. 
For extensive work with antenna patterns, a special net-
work containing a centrally located fine section with 
larger dimensions over-all in terms of wavelengths, and 
possibly having a polar co-ordinate system rather than 
a rectangular co-ordinate system, would be advanta-
geous. 

D. Accuracy and Speed of Network Determinations 

The networks described here are not high-precision 
devices, but do give sufficient accuracy for engineering 
applications. Resonant frequencies may be determined 
to within 1 per cent accuracy for simple geometries or 2 
per cent accuracy for complex geometries. Shunt re-
sistance and Q determinations are accurate to within 
5 per cent for complex geometries, but may be relied 
upon to be within 2 per cent accurate for simple geom-
etries. This accuracy decreases somewhat as the electri-
cal length of a section exceeds 25°. 

A complete field plot of a resonator may be obtained 
in less than an hour. Resonant frequencies may be deter-
mined within a matter of minutes. Once equipment has 
been set up for shunt-resistance measurements, such 
determinations may also be made in a matter of min-
utes. In general, determinations are much more rapid 
than the equivalent calculation or model measurement. 

VI. EXPERIMENTAL VERIFICATION OF PERFORMANCE 

A. TE M Modes 

A large number of resonant structures have been 
checked against the network to calibrate its operation. 
Checks on resonant frequency, field configuration, shunt 
resistance, and Q have been made. A few of these results 
are reported here to indicate the nature of agreement 
between the theory and the network results. 
A basic reference test is the resonant concentric line 

operating on a TE M mode with its length being an 
integral number of half waves. Such a configuration, 
when set up, gives resonant frequencies which check 
within 1 to 2 per cent. The agreement on the field 
variation with line length is correspondingly good. 
Shown in Fig. 9 are plots of measured and theoretical 
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Fig. 9—Voltage distribution with length in a coaxial TE M mode 
(shorted coaxial line) 22 sections long, one-half section correction 
added at each end, (outer radius)/(inner radius) =5. Test p tints: 

  calculated 
0 half-wave resonator 
A full-wave resonator. 

voltage, analogue of r110, versus length of the half-wave 
and full-wave resonance of a coaxial line. The agreement 
between the theoretical and measured cosine wave is 
good except in the vicinity of the nodes, where the true 
reading is somewhat obscured by harmonic and noise. 
This particular mode is convenient for checking the net-
work adjustment on the cylindrical network. Since mag-
netic field varies inversely with radius, network voltage, 
which is proportional to ;A, will be constant with 
radius. It is very easy to check this condition with a 
vacuum-tube voltmeter, and any irregularities can usu-
ally be quickly traced. From resonant-frequencies 
measurements, the half-section correction for open-cir-
cuit boundaries can be verified. 

B. Cylindrical T.1110„,0 Modes 

The cylindrical-resonator T/1/0„,0 modes are formed 
by radial waves which have no variations in intensity 
in the axial direction. The corresponding resonant fre-
quencies are inversely proportional to radius. Tests with 
a large number of radii showed that measured network 
frequencies agreed with theoretical values within about 
1 per cent when the radial-field edge correction was con-
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sidered to be half a network section. For these modes, 
the radial electric-field variation is expected to be a zero-
order Bessel function of the first kind. The magnetic 
field is expected to vary as a first-order Bessel function 
of the first kind. Figs. 10 and 11 show that these expec-
tations were fulfilled quite closely. 
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Fig. 10—Radial field variation in the TMoio mode. 
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Fig. 11—Radial field variation in the TM020  mode. 

C. TMon Mode 

The cases checked above have shown that the cylin-
drical-co-ordinate network behaves properly for purely 
radial or longitudinal waves. The question naturally 
arises as to whether it will properly represent a com-
bination of these. The simplest mode which exhibits 
both radial and axial field variations is the Tition mode. 
This mode is found with the same boundary conditions 
as the TMoio mode, it being necessary only to raise the 
frequency of the excitation voltage to the proper value. 
The excitation frequency in a typical experimental test 
was 136.8 kc, as against a theoretical value of 135.3 kc. 

D. Net-Point Computations 

In order to check the performance of the network on 
resonator structures presenting more complex geome-
tries than the simple forms shown above, it is necessary 
to have recourse to rather involved theoretical ap-
proximations or resort to net-point computations. Net-
point computations were preferred in checking network 
results because they are adaptable to arbitrary geo-
metrical configurations, and also because the network 
gave the resonant frequency with sufficient accuracy 
that the computations were greatly simplified. 
Basically, the net-point computation consists of find-

ing a difference equation which corresponds to the dif-
ferential equation pertinent to the problem; assuming 
values of field and then applying the difference equation 

to obtain successive improvements on the originally as-
sumed values of field."-'2 
In making net-point computations of field in reso-

nators with rotational symmetry, it is convenient to use 
the parameter rH4„ which is the analogue of network 
voltage to ground, V. This is convenient because, as has 
been shown, contours of constant r1-44 or V constitute 
an electric-field plot. Likewise, values of rHo or V di-
vided by radius give magnetic field. The boundary con-
ditions on r110 or V are also simple in that the normal 
gradient of rHo is zero at any conducting surface. The 
differential equation for V in two-dimensional, cylindri-
cal co-ordinates with rotational symmetry has the form 

a2v  a2v  1 av 
+ — — — — + k2v = 0  (25) 

äz2  ar:  r ar 

where k is 27r divided by wavelength. Note that this 
equation differs properly from the scalar wave equation 
in that the sign of the first deriva-tive term in r is nega-
tive. The corresponding net-point or difference equation 
in terms of the network notation of Fig. 12 is 

(V4 — Vo) 
V  +  V2 ±  V3 +  V4 

2/ 
Vo =   (26) 

4 — 1121e2 

Fig. I2—Notation for net-point computations in 
cylindrical co-ordinates. 

Where h is the net-point spacing in wavelengths and I is 
the integral number of lattice sections from the axis. 
This equation relates the voltage in the center of a 
square to the voltage at four symmetrically disposed 
points arranged as shown in Fig. 12. If values of voltage 
are assumed at all points in a field or are taken from ac-
tual network measurements, then application of (26) 
will smooth out the values and give values which are 
more correct than those originally given. 
Shown in Table VI are values of network voltage as 

taken directly from the network (above), compared with 
voltage values refined by a successive application of 
(25). It is seen that the errors in the field as presented 
in the network are relatively slight. 
For cases in which the resonant frequency is not 

known, it is necessary to reiterate between values of 
field and frequency. However, the dependence of the 
field values upon the frequency is low. Hence if the 
resonant frequency is known within a few per cent, it is 

" G. H. Shortley and R. Weller, "Numerical solution of Laplace's 
equation," Jour. App!. Phys., vol. 9, pp. 334-348; May, 1948. 

12 H. Mou, "Calculation of the electromagnetic field, frequency, 
and circuit parameters of high-frequency resonator cavities," Jour. 
IEE (London), vol. 93, part III, pp. 335-338; September, 1946. 
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possible to proceed to refine field values without correct-
ing frequency. 
In some applications, it is desired to use a different 

form of the difference equation given above. Where ex-
tensive computations are to be made, it is convenient to 
have a form where the center potential of a square is 
given by the sum of the four surrounding values divided 
by a constant dependent upon the radius. Such a form 
results if there is used the variable 

Another useful transformation is 

W = 

(27) 

(28) 

The paramenter W has the advantage that it will tend 
to be constant in a resonator gap on the axis. Since V 
is proportional to r1-4„ and H# tends to increase linearly 
with radius in a gap, V/r2 will tend to be constant. 
It should be emphasized that the tests reported here 

and many others indicate a good agreement between 
the analyzer results and theory in cases where the results 
may be simply predicted and also in cases where the 
theoretical results are not simply predicted. As a result, 
it is felt that the analyzer is a useful tool which can be 
trusted in cases where the boundaries are too compli-
cated to admit of only experimental or numerica!1 deter-
mination. 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

VII. CONCLUSIONS 

Networks have been constructed which give the solu-
tion of the wave equation in two-dimensional rectangu-
lar and cylindrical co-ordinates. Resonant frequencies 
of cavities, field plots, equivalent reactance of obstacles, 
shunt resistance, and Q are obtainable with little effort. 
The devices are simple to operate, and results can be 
obtained with considerable speed. The networks contain 
no vacuum tubes or moving parts and are simple and 
inexpensive to build. Accuracy, though not at the pre-
cision level, is sufficient for most engineering applica-
tions. 
Two-dimensional networks are believed to be very 

practical. It is not thought that three-dimensional net-
works are practical. 
The educational value of the networks is considera-

ble. They possess a form of "intelligence," in that they 
often reveal the presence of unsuspected resonance 
modes. In addition, their use reveals a large number of 
important properties of fields which are little known. 
They can be operated by people not highly skilled in 
field theory. 
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Design of Optimum Transient Response Amplifiers* 
PIERRE R. AIGRAINt, STUDENT MEMBER, IRE, AND EVERARD M . WILLIAMSL 

SENIOR MEMBER, IRE 

Summary—This paper describes a method based entirely upon 
transient considerations for the design of amplifiers with optimum 
transient response in the "least squared" sense. This method is 
applicable to video amplifiers, symmetrical band-pass amplifiers, 

and dissymmetrical band-pass amplifiers used with low-level modu-
lation, and has provisions for taking into account noise acceptance 
and adjacent channel rejection. Examples are given of the results 

obtained with this method. 

INTRODUCTION 

ALTHOUGH ALL communication amplifiers are 
used in conjunction with signals of an essentially 
transient character, amplifier circuit design and 

synthesis has for the most part concentrated on the 
problem of obtaining predetermined steady-state char-
acteristics. Methods of solving this steady-state prob-
lem have been brought to a high degree of perfection by 
Cauer,1 Guillemin,2 and Lee,' amongst others. 
Recent developments, however, first of television, 

later of radar, and finally of pulse communication sys-
tems, showed that there are important cases where the 
performance of a g-ystem cannot be simply related to its 
steady-state characteristics, but rather is best expressed 
by its transient response. 
Existing design methods for transient amplifiers are 

derived from steady-state theories, particularly those 
relating to filters. Butterworth,' Landon,' Wallman," 
Bedford,7 and Kallman, Spencer, and Singer' all studied 
amplifier transient response as related to steady-state 
characteristics. The shortcomings of their procedures 
are well understood, however, and have been pointed 
out by Kallmann." 
This paper describes a design method, based entirely 

upon transient analysis, which leads to amplifiers with 

• Decimal classification: R 363. Original manuscript received by 
the Institute, August 16, 1948; revised manuscript received, April 7, 
1949. Part of a dissertation submitted by Pierre R. Aigrain in partial 
fulfillment of the requirements for the degree of doctor of science 
at Carnegie Institute of Technology. 
t Service d'Etudes et de Recherches Scientifiques de la Marine 

Francaise, Ecole Normale Superieure, Paris, France. 
Carnegie Institute of Technology, Pittsburgh, Pa. 

1 W. Caner, "Siebschaltungen," published by V.D.I., Verlag 
G.M.11.11., Berlin; 1931. 

E. A. Guillemin, "Communication Networks," John Wiley and 
Sons, Inc., New York, N. Y., 1931. 

3 Y. W. Lee, "Synthesis of electric networks by means of the 
fourier transform of Laguerre's functions,: Jour. Math. Phys., vol. 
11, pp. 83-113; 1932. 

S. Butterworth, "On the theory of filter-amplifiers," Exp. Wire-
less and Wireless Eng., vol. 7, pp. 536-541; October, 1940. 

'V. D. Landon, "Cascade amplifiers with maximal flatness," 
RCA Rey., vol. 5, pp. 347-362; January, 1941. 

• H. Wallman, "Stagger Tuned I.F. Amplifiers," MIT Radiation 
Lab. Report 524; February, 1944. 

7 A. V. Bedford and G. L. Fredendall, "Transient response of 
multi-stage video frequency amplifiers," PROC. I.R.E., vol. 27, pp. 
277 289; April, 1939. 
" H. E. Kal!man, R. E. Spencer, and C. P. Singer, "Transient 

response," PROC. I .R.E., vol. 34, pp. 138-144; March, 1946. 

an optimum transient response. This method is derived 
from operational analysis using Laplace transforms. 
The procedure by which the transient response of an 

amplifier to some particular signal is calculated with 
Laplace transform technique involves the determination 
of the "operational transfer impedance," AG(s), of the 
circuit under consideration. If a signal of Laplace trans-
form F1(s) is applied to the amplifier, the output will 

have the transform 

AF2(s) = AG(s)Fi(s).  (1) 

(The amplifier gain A, at low frequencies, is extracted 
as a coefficient for convenience.) Considerable difficulty 
is generally encountered when it is desired to calculate 
the actual amplifier response f2(t), the inverse transform 
of F2(s) in (1). This process requires the extraction of the 
poles of G2(s), an algebraic process only possible in gen-
eral with known numerical values and of great difficulty 
when several poles are involved. It is apparent first that 
a simpler method is necessary for calculating the transi-
ent response. Such a method is described in part I. 

I. THE LAGUERRE SERIES 

The problem is that of determining f(t) from a speci-
fied F2(s). This will be simplified first by using a function 
F2(t), defined as 

10) = .f2(t)  C 
C = f2(00) = litn sF2(s)  (2) 

or a function differing from 12(1) by the steady-state re-
sponse f2( co)• f a(t) can be calculated as 

f3(1) =  anBn(t),  (3) 

in which the terms a„ are the coefficients of an expansion 
in a Taylor series of 

2 F3  (1 +  X\ 

1 - x  \ 1 -  x) 

00 
= E anx" 

and the terms B(t) are "Laguerre functions"° defined 

by 

13n(t) =  E 
(-2)P( 
!  Pn) IP. 
P   

The series (2) is convergent for all values of I. Since 

2  1 + x\ 
 F3    

1  x (1 — x) 

(4) 

9 The Laguerre functions are related to the Laguerre polynomials, 
for which see "Orthogonal Polynomials", Szegd, Gabor, Colloquium 
Publications, American Mathematical Society, vol. 23; 1939. 
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is a rational fraction in x, a. can be obtained by division 
of two polynomials. Furthermore, the B„(t) form a close 
orthogonal set from / = 0 tot= oo , that is 

10 I?„11,„(11 = if  = en 

0 if 

and every function L(/) such that 

00 

„. 

02 

-02 

04 

10 = 0 for all it 

(5) 

(6) 

1 

i rA 1  iit AvP4w-
S. 

11741"1111P4; 
16fr 

3 

PLOT OF 'NE LOWEST ORDER LAGUERRF FUNCTIONS 

Fig. 1-Plot of the first nine Laguerrt. functions. 

is identically zero almost everywhere. The first ten 
B(t) have been computed and are given in "fable I. 
Their form is shown in Fig. 1. Calculation of transient 
response is often simplified by the use of these B0(t) and 

II. I  oF TRANSIENT DISTORT1oN 

The distorting or disturbing effects of principal inter-
est in communication systems are non-linear distortion, 
random noise, adjacent channel interference, and transi-
ent distortion. When defining the first three it is cus-
tomary to relate the actual response L(/) to a specified 
signal to the output f(t) of a "distortionless" system. 
The actual distort ion is defined as the time average of 

J(l) J2 

or, if the input is of finite duration, as 

f  p(t)  .4(1)Pdt 

This definition has given satisfactory results when ap-
plied to most types of distortion and it seems logical to 
extend it to transient distortion. It has, in fact, previ-
ously been so used.'° Following this concept, transient 
distortion will be defined as follows: Assume a signal 
Mt) to be fed into the amplifier at time I =0. The output 
will be A f2(1). An ideal amplifier would yield an output 
A fi(t- To) in which To represents a delay time. The 
"transient distortion" will be defined as 

fo [(2(1) - fi(1 - To)j2d/. (7) 

This integral is convergent for all f1(l) with a finite en-
ergy and for all bounded input functions" which reach 
a final value in a finite time (e.g., a step function), pro-
vided the amplifier has no low frequency distortion. The 
low-frequency distortion problem in video amplifiers, 
however, is fairly distinct from that of high-frequency 
distortion, so that it is possible to define an "equivalent 
low-pass amplifier" without low-frequency distortion 
and work with it exclusively. 

TABLE I 

VALUES OF THE FIRST NINE LAGUERRE FUNCTIONS 

0.25 
0.50 
0.75 
1.00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 
3.25 
3.50 
3.75 
4.00 

Bo(I) 

0.7788 
0.6065 
0.4724 
0.3679 
0.2865 
0.2231 
0.1738 
0.1353 
0.1054 
0.0821 
0.0639 
0.0498 
0.0388 
0.0302 
0.0235 
0.0183 

/31(1)  B20) 

0.3894 
0 

--0.2362 
--0.3679 
--0.4298 
--0.4463 
--0.4344 
--0.4060 
-0.3689 
--0.3283 
--0.2477 

--0.2132 
--0.1812 
--0.1529 
--0.1282 

0.0974 
-0.3033 
-0.4133 
-0.3679 
-0.2507 
-0.1117 
0.0217 
0.1353 
0.2240 
0.2873 
0.3276 
0.3485 
0.3538 
0.3473 
0.3323 
0.3114 

Bs(1) 

-0.1136 
-0.4043 
-0.3248 
-0.1226 
0.0776 
0.2331 
0.3005 
0.3158 
0.2833 
0.2189 
0.1372 
0.0498 

-0.0347 
-0.1107 
-0.1750 
-0.2259 

B4(I) 

--0.2576 
-0.3791 
--0.1366 
0.1226 
0.2753 
0.3068 
0.2467 
0.1353 
0.0091 

-0.1060 
-0.1943 
-0.2490 
-0.2693 
-0.2605 
-0.2273 
-0.1771 

(2) and (3); the principal value of these functions, how-
ever, is that they result in a simple means for determin-
ing the effect of individual parameter variations on the 
over-all transient response. This subject will be treated 
in part III. Part II deals with the definition of transient 
distortion. 

B6(1)  B6(1)  87(1) 

-0.3470 
-0.2830 
0.0550 
0.2698 
0.2958 
0.1897 
0.0310 

-0.1174 
-0.2185 
--0.2599 
-0.2457 
-0.1892 
-0.1060 
-0.0156 
0.0718 
0.1295 

--0.3926 
-0.1558 
0.2008 
0.3025 
0.1897 

-0.0028 
-0.1668 
-0.2511 
-0.2443 
-0.1715 
-0.0634 
0.0498 
0.1467 
0.2067 
0.2313 
0.2202 

-0.4026 
-0.0243 
0.2828 
0.2441 
0.0309 

--0.1666 
-0.2507 
-0.2206 
-0.1093 
0.0267 
0.1427 
0.2120 
0.2295 
0.1905 
0.1202 
0.0327 

BO) - 

-0 .3881 
0.0935 
0.3016 
0.1320 

-0.1176 
-0.2473 
-0.2160 
-0.0847 
0.0701 
0.18.36 
0.2250 
0.1952 
0.1194 
0.0097 

-0.0897 
-0.1640 

136(1)  flto(1) 

-0.3527 
0.1883 
0.2679 

-0.0391 
-0.2171 
-0.2368 
-0.1013 
0.0737 
0.1991 
0.2206 
0.1578 
0.0498 

-0.0682 
-0.1586 
-0.2015 
-0.1932 

-0.3033 
0.2551 
0.1974 

-0.1537 
-0.2529 
-0.1564 
0.0306 
0.1866 
0.2286 
0.1441 
0.0145 

-0.1107 
-0.1875 
-0.1990 
-0.1510 
-0.0651 

'° \V. W. Hansen, "Transient response of wide-band amplifiers," 
Proc. Nat. Elect. Conference, vol. 1, pp. 544-553; October, 1944. 
"If the input is a delta (6) impulse, the definition of transient dis-

tortion must be modified slightly to yield a convergent result. A 
suitable definition is 

/ =  " Ef:°(1) - 260 - T0)/2(i) kt = fo/2(1)* - 2/2(T0). 
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In this study, in accordance with common practice in 
video amplifiers, Mt), will be taken as a step function de-

fined by 

11(1) = 0 

11(1) = 1 

for t < 0 

for t > 0. 

The method can, if desired, readily be extended to other 
signals. The delay To in (7) must be chosen to minimize 
I. For the step function 

f2( To) = 

III. CALCULATION AND MINIMIZATION OF I 

The transient distortion integral I can very easily be 
evaluated when the Laguerre series expansion of f3(t) is 
used. In fact, if we write 

1'1(t - To) = E 7 B(t) ± 1, 
n=0 

then, using f3(t), from (2), 

I = E (an - 7„)2.  (8) 
n=0 

This formula permits the evaluation of the integral I 
without calculating f2(t) explicitly, providing values of 
'y(To) are available. Table II gives these values for the 
case in which Mt) is a step function.' 

pendent parameters ti, 6, 6 • • • sn. The integral I may 

be minimized when 

Ei = C1, E2 = C2, • • • , tn = Cn$ 

if 

aI 
- (CI, C2, • • • , To) = 0 at, 
of 
-  (CI, C2, • • • , To) = 0, etc. 
at2 

The series (3) and (4) are absolutely convergent, and 
(8) may be differentiated term by term. The optimizing 
equations corresponding to (9) are: 

clan 
E(a,. - - = 0, 
n=0 

Since the Laplace transform of the derivative of a func-
tion of time with respect to an independent parameter is 
the derivative of the Laplace transform of this function 
with respect to the parameter, 

aan 
- Xn. 

aE d- x  ati 
This yields acenot, just as (3) yields a„. The system 

(11) solves the problem mathematically, but actually an 
approximate method is desirable for its solution. We as-

(9) 

(10) 

a 2 G( + 
i 1  1 x1 

TABLE II 
VALUES OF 7,(TO) FOR THE CASE OF THE STEP INPUT FUNCTION 

To 7o(To)  71(T0)  72(To)  'Mrs)  74(T0) -rs(To)  7s(To)  77(To)  78(T0)  -ys(To)  710(T0) 

0.25  0.442  0.336  0.248  0.174 
0.50  0.787  0.426  0.181  0.021 
0.75  1.055  0.362  -0.008  -0.171 
1.00  1.264  0.207  -0.207  -0.283 
1.25  1.427  0.006  -0.364  -0.293 
1.50  1.557  -0.215  -0.454  -0.215 
1.75  1.672  -0.476  -0.436  -0.121  0.229 
2.00  1.729  -0.647  -0.436  0.079  0.278 
2.25  1.789  -0.841  -0.345  0.227  0.322 
2.50  1.836  -1.015  -0.216  0.353  0.297 
2.75  1.872  -1.189  -0.022  0.403  0.260 
3.00  1.900  -1.303  0.108  0.490  0.108 
3.25  1.922  -1.418  0.284  0.493  -0.023 
3.50  1.940  -1.517  0.460  0.456  -0.157 
3.75  1.953  -1.600  0.630  0.385  -0.280 

K.  4.00  1.963  -1.670  0.791  0.283  -0.381 

0.114 
-0.072 
-0.203 
-0.207 
-0.103 
0.048 

0.065 
-0.120 
•-0.180 
-0.087 
0.062 
0.186 
0.201 
0.227 
0.133 
0.011 

-0.158 
-0.228 
-0.303 
-0.333 
-0.318 
-0.232 

0.026 
-0.134 
-0.112 
0.024 
0.151 
0.199 
0.195 
0.041 

-0.082 
-0.188 
-0.207 
-0.250 
-0.202 
-0.111 
-0.001 
0.051 

-0.006 
-0.129 
-0.052 
0.091 
0.167 
0.129 
-0.027 
-0.102 
-0.188 
-0.209 
-0.205 
-0.074 
0.037 
0.144 
0.223 
0.324 

-0.023 
-0.107 
0.015 
0.133 
0.130 
0.053 

-0.052 
-0.170 
-0.170 
-0.105 
0.041 
0.108 
0.184 
0.218 
0.197 
0.069 

-0.048  -0.051 
-0.083  -0.051 
0.053  0.088 
0.198  0.137 
0.069  0.003 

-0.074  -0.097 
-0.167  -0.096 
-0.147  -0.079 
-0.088  -0.029 
0.031  0.122 
0.094  0.193 
0.183  0.172 
0.192  0.047 
0.119  -0.038 
0.047  -0.168 
-0.011  -0.245 

It is necessary, however, to evaluate To (to avoid an ex-
plicit solution) and a simplified method of calculation is 
given subsequently. Equation (8) not only permits the 
calculation of I but also provides a means for choosing 
circuit parameters to render I a minimum. In general. 
all the coefficients of G(s) cannot be chosen arbitrarily. 
Some relations between them are introduced by ampli-
fier gain requirements and by unavoidable minimum 

4.. values of interstage shunt capacitances. It is convenient 
to express the coefficients of G(s) as functions of inde-

sume that approximate values C10, C201 • • • 
found for C1, C2, • • • , Cn so that AI, £21 • 
by 

, C,,0 can be 
• • , defined 

Al = Cl - CIO, 

A2 = C2 - C20, 

are small quantities. 
The equations (10) can be expanded in a series of pow-
ers of act„/Oti and, neglecting all of order above the first, 
this series is 

aa„ 
E (on - 

" If fi(l) is a delta impulse, 7.,..iln(T0)• 
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+Li   (a m2+  (a.  82an 't 

att/  ati2 I 
N  a« aa.  ala„ 

+ A2  ,c-„  —  — + (an — 7,) 2 — } = 0,  (12) 
.-0 ati at:  atiat: 

and other similar equations. This system (12) is linear 
and readily solved. The number N in this system corre-
sponds to the last series terms considered to be of im-
portance. Since numerous approximations are involved 
in (12), the values of i,t 2, • • • obtained will differ 
from C1, C2, • • • . However, the amount by which ti, 
differs from CI, etc., is not so significant as the amount 
by which the transient distortion I of the calculated cir-
cuit differs from that of the best possible circuit. The 
approximations can be shown to introduce the following 
errors in I: 

I. An error e, due to the neglect of terms of order 
above the Nth: 

ci < 2 
rt.0 

00 

E2«„7„ — an21. 

2. An error e2, due to taking for To an approximate 
value, 

E2 < 0.01/  if 0.47 < f2(To) < 0.53 , 

<0.0011 if 0.49 < f2(To) <0.51. 

3. An error e3, due to the linear approximation to 
equation (10). This error cannot be ascertained easily, 
but is of the third order in 6„, a2,  • • , so that it is very 
small if AI, 6,2, • • • are small. 
There  remains  the  problem  of  determining 
C20, • • • . Any approximate design methods may 

be utilized. Marcuwitz" has proposed a method in which 
the first terms in the Laplace transform transfer imped-
ance G(s) in powers of s are equated to those of the series 
expansion of e-iro. If all the terms could be equated a 
perfect transient response could result and further, if 
circuits of increasing complexity are considered, so that 
more and more terms can be equated, results of uni-
formly increasing quality are obtained. Although this 
method does not necessarily lead to an approximately 
optimum circuit in any given case with a finite number 
of terms, it does lead consistently to usable designs as a 
starting point for our optimization procedures. The 
Marcuwitz method may be replaced by any other ap-
proximate design data. 
As an illustrative application consider the circuit of 

Fig. 2. This interstage coupling network has been stud-
ied by Kallmann, Spencer, and Singer' for equal input 
and output capacitances. We shall determine the opti-
mum values of the parameters subject to choice with the 
sum of input and output capacitances fixed, but with an 
additional choice as to the division of this total capaci-
tance between input and output circuits; that is, with 

13 N. Marcuwitz, "Distortionless Correction of Video Networks," 
M.E.E. Thesis, Polytechnic institute of Brooklyn, June, 1941. 
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Fig. 2—Pi-filter interstage coupling network. Responses of the 
conventional type and the optimum type are compared. 

fixed values of C and R (R from the gain selected) and 
variable L and ac. The time unit is chosen as l/(RC) so 
that a general solution is obtained. The notations 
i=o/cL,C and E2 04(1  ac) will be used. 
The Laplace transform of this circuit is 

1  1 
= —  =   
P(s)  1  s + Eis2 + E2s3 

and the transform of the response to a step function is 

1  1 
Gi(s) = — G(s) =   

sp(s) 

The derivatives of Gi(s) with respect to tt and 

aG,  -s  aG,  s2 
at,  p2(s) 

a2G,  —2s 

p3(s) 

at: 

a2G, 

p2 (5) 

—2.54 

at1aE2  P3(s) 

are 

As the starting point approximation, use .the circuit 
given by Kallmann, Spencer, and Singers in which 
= 0.45 and 2 = 0.10. substituting S= (1+x)/(1 —x) in 

the above expressions, with these values of j and t 2 

2  1 + x  3.1 — 3.6x + 1.5x2 
—   

1— x  1— xl  2.55 — 3.25x + 1.85x2 — 0.35x3 

2  OG 

— X3E, 

2  OG1 

a --  2 
= (1 --I-- x) M (x) 

1 E 

2  irGi 

1— x 362 

2  (MI 

1 — x 3E0E: 

2  a2G, 

( 1 — x)M(x), 

(1 —  

(1 — x2)N(x) 
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E mpe = M(x) - 
0 

0 
npxr. = X(x) = 

1 - 2x + 2x3 - x4 

3.25(1 - 2.55x -I- 3.07x2 - 2.12x2 0..87x4 - 0.2x6 0.02x6) 

1 - 3x2 3x4 - x6 

4.14(1 - 3.82x  7.04x2 6.15x4 - 3.27x6 1.2x6 - 0.29x2 -I- 0.040) 

We can now arrange in Table III the coefficients of 
the expansion of the above expressions in powers of x. 

Of course 

aft,  Oa, 
  = nip - mp_i, 

8E2 

Axp a2a, 
= n,  2n,_,  n p-2r 

ati'  868E2 

32,9 

8E22 
=  2n,1 n 

m 1, 

- np -  

IV. EXTENSIONS OF THE METHOD TO BAND-PASS AMPLI-
FIERS AND TO THE TREATMENT OF NOISE AND 

ADJACENT-CHANNEL REJECTION 

The design method described so far applies only to 
video amplifiers. It can be extended to symmetrical 
band-pass amplifiers, or asymmetrical amplifiers with 
low-level modulation, however, by making use of the 
band-pass, low-pass analogy."," The design method 
here involves finding the low-pass equivalent of the 
band-pass amplifier under consideration, obtaining the 
optimum design for the video equivalent and reconvert-
ing to the band-pass equivalent. 

TABLE 111 

ogy  79-a,  3.25m, 
Oa, 

oh 
4.19n, 

act,  a=a, 

04,  04,02  .962  86' 

0  1.264  1.216  0.048  1. 
1  0.207  0.137  0.070  0.548 
2  -0.207  -0.197  0.010  -1.678 
3  -0.283  -0.184  -0.099  -1.839 
4  -0.207  -0.073  -0.134  -0.240 
5  -0.087  0.015  -0.102  1.202 
6  0.024  0.047  -0.023  1.458 
7  -0.031  0.039  0.052  0.776 
8  0.133  0.018  0.115  -0.079 
9  0.198  0.001  0.197  -0.559 

0.308 
-0.139 
-0.638 
-0.049 
0.491 
0.442 
0.079 

-0.209 
-0.262 
-0.147 

0.308 
- 3.82  0.475 
- 4.55  -0.347 
1.57  -1.076 
10.85  -0.638 
14.39  0.295 
9.12  0.816 

- 1.26  0.685 
-11.21  0.214 
-18.22  -0.196 

-0.242 
-0.923 
-0.857 
1.302 
3.72 
3.12 

-0.415 
-0.378 
-4.88 
-4.67 

-0.242  -0.242 
-0.437  -1.397 
0.502  -3.166 
1.644  -2.741 
0.758  2.014 
-1.354  8.88 
-2.162  11.82 
-1.200  7.30 
0.103  -1.11 
0.706  -10.12 

The coefficients of the equations (22) calculated from 
the elements of Table III are 1.084 , - 2.36g2= 0.169 
and -2.366,6+1.08g2 = -0.233, giving as a final re-
sult ,= 0.36 and E2 = 0.21 or a, = 2/3 and L=0.73 R2C. 
For this optimum circuit, / = 0.0956. The circuit re-
sponse is given in Fig. 2 and compared with the conven-
tional pi section derived from filter considerations." The 
order of magnitude of the error terms is 

f1-2. 0.001, e2 0.0009, and es 0.0008. 

In the event that the error terms should be too large, it 
would be necessary to use new starting values of Es and 
E2 and to repeat the procedure. The results of this par-
ticular calculation indicate a pronou -iced improvement 
from using this video coupling network when the driving 
tube output capacitance exceeds the driven tube input 
capacitance by a substantial amount; the optimum ratio 
of two to one might readily be realized with some tube 
types. 

14 H. A. Wheeler, "Wide-band amplifiers for television," PROC. 
I.R.E., vol. 27, pp. 429-437; July, 1939. 

There are many cases in which the transient response 
of an amplifier is not a sole performance criterion. Other 
factors of interest, such as noise acceptance and adjacent 
channel rejection, can be taken into account by a modi-
fication of the basic method. 
The "noise acceptance" of an amplifier may be defined 

by: 

M = f A2(f)df, 

in which A(f) is the amplifier amplitude response at a 
frequency f. It can also be expressed as 

M =  

where f21(1) is the response to a b function. M is propor-
tional to the power of the noise present at the output of 
the amplifier, when its input is connected to a random 
(or "white") noise source. 

"V. D. Landon, "The band-pass low-pass analogy," PROC. 
I.R.E., vol. 24, pp. 1583-1584; December, 1936. 

14 P. R. Aigrain, B. R. Teare, Jr., and E. M. Williams, "General-
ized theory of the band-pass low-pass analogy," to appear in PROC. 
1.R.E. 
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It would be almost hopelessly complex to try to choose 
the noise acceptance, and then minimize the transient 
distortion; indeed, the noise acceptance is given by a 
complex function of the circuit parameters. A preferable 
procedure is to minimize an expression of the form: 

U = /  aM, 

where a is some constant determined by the relative 
importance assigned to the transient response and to the 
noise acceptance. This procedure is particularly simple 
if one uses as test signal a delta-function. Corresponding 
to (7): 

= (1 +  f " f 2' (i) di  —  To). 

The calculations are similar to those involving tran-
sient response only, and the resulting equations are the 
same except that 7„ is replaced by B„/I +a. 
Adjacent channel rejection is of interest particularly 

in band-pass amplifiers in which it may be specified that 
some particular adjacent frequency must be strongly at-
tenuated. As in the case of noise acceptance, it would be 
impractical to introduce this condition as a relation be-
tween the circuit parameters. It is, however, possible to 
handle this problem by minimizing the sum of the tran-
sient distortion and of the amplifier response td the un-
desired frequency. The amplifier input signal may be 
treated as the sum of a step function, for example, and a 
damped sine wave of frequency equal to the undesired 
frequency and with damping and amplitude dependent 
on the desired rejection. The frequency spectrum of 
such a signal appears in Fig. 3. Due to this additional 

AMPLITUDE 

FREQUENCY ?k, 
FREQUENCY SPECTRUM OF be cosut 

Fig. 3 — Freque my spectrum of be Xi cos 2 0, the function used 
in minimizing adjacent channel rejection. 

input signal, I as calculated from (I) will be increased 
by an amount which will be least if the desired fre-
quency is properly rejected. If the damping and ampli-
tude arc small, the main part of the transient will be 
practically unaffected and the increase of I is given ap-
proximately by: 

.1,21i2 
=  -  

4X 

if response of amplifier at the rrji' ted frequeii, v 

if the  lion is be  At  27rfi. This 111114 r(hil r 
thus Nittivalcnt ti, 110101iiiiitig the stiiii of the transient 
distortion ;mil the amplifier response al the undesired 
frequency. 

(•As( .\110.,  ANfrilFmus  

The method of optimizing transient response is, of f 
course, applicable to cascade amplifiers. ft is of consid-
erable interest to determine whether all stages should he 
identical for optimum transient response. If (Mr calls 
tu, t 121 En, • • • , En.. • • ' the adjustable par.inieters re-
ferring to the 1st, 2nd, etc., circuit of the cascade, it is 
evident that / can depend on these parameters only 
through symmetrical combinations of EH,  • • • , and 
t21, Et2, • • •  But any symmetrical function // of these 
is such that 

all  =0 

oto [ E tik = cm,stant] 

i.e., any symmetrical function of a number of variables 
does not change in value when all the variables are ap-
proximately equal, if any two variables are changed hy 
a small amount, the sum of all variables staying con-
stant. 

1•,-5 

RA 'Pa 

0:056 

• 

aL5PONSL 0, 06, 6•... CASC•DC 0, 6C•66IG CPC UTS 

Fig. 4 Optimum cascade of too identical shunt-peaked circuits 
and its response. 

Thus 

= 0 

]=constant 
fur El  t  —  I 

since I depends only on functions such as II. 
The design for which .P seJ=Eit = 0 • • • is t h us opt imum, 

provided that 

at2i 
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since the other optimizing relations will follow immedi-
ately from these. The consequence of this can be ex-
pressed in other words by the theorem "For optimum 
transient response in a video amplifier cascade," all sec-
tions of the cascade should be made identical." 

17  These conclusions also apply to the video equivalent, when such 
exists, of a band-pass amplifier. This includes the case of stagger-
tuned intermediate-frequency amplifiers, for instance, in which 
there are an even number of stages, each pair being symmetrically 
tuned with respect to carrier frequency. 

It is not possible to prove, but there are reasons to be-
lieve, that the optimum design for a section in a cascade 
is not very different from the optimum design of this sec-
tion used alone. Indeed the amplitude as well as the 
phase distortion of each section will be cumulative, and 
thus it appears that the only way to improve the re-
sponse of the amplifier as a whole is to make each section 
as good as possible. The results of a calculation of the 
optimum design for two shunt-peaking circuits are 
given in Fig. 4 and support this view. 

Admittance of the 1B25 Microwave Switching Tube* 
RALPH W. ENGSTROMt AND ARNOLD R. MOORE$ 

Summary—The operation of an RCA-1B25 neon-argon-filled 
glow tube as a switching element in a transmission-line network at 
ultra-high frequencies has been investigated. A test method has been 
developed and theory formulated for evaluating the behavior of the 

tube in terms of an equivalent susceptance and conductance. Experi-
mental measurements -have been made which show the variation 
of the admittance characteristics as a function of gas pressure and of 

the direct current. 

IP% 

T
HE 1B25 IS a neon-argon-filled diode which fits 
into a coaxial transmission line and is used to 
switch a small ultra-high-frequency signal. Admit-

tance characteristics of the tube were studied because of 
their importance in tube replacement. 
A block diagram of the test equipment used to meas-

ure the conductance and susceptance of the tubes under 

400-mc 
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GENERATOR 

75-OHM (OH VIAL LINE 

I/AL loB-
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I/40 06 - ONDA 
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15-OHM COAXIAL LINE 

• 00 - mc 
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350- v 

RE GuL ATE() 
POWER SvPPL, 

./4 ISO-OHM CAPACITANCE - .--  SHORTED SECTION 

SO OHM TUNABLE COAXIAL LINE 

SQUARE -WAVE 
GENERATOR 

4)$ 
!BUS 

Fig. 1—Block diagram of experimental equipment. 

• Decimal classification: R257.2. Original manuscript received 
by the Institute, April 28, 1948; revised manuscript received, Janu-
ary 14, 1949. 
t Radio Corporation of America, Lancaster, Pa. 
Cornell University, Ithaca, N. Y. 

test is given in Fig. 1. The 1B25 tube terminates the 
150-ohm tunable coaxial line, as indicated. The method 
of determining the admittance of the 1B25 in operation 
requires measurement of the voltages at junction k (Fig. 
1) with the switching tube unfired and fired as a func-
tion of the electrical angular distance of the 1B25 from 
the junction. The ratio of these voltages is termed the 
switching ratio 

SR = I V kulV kf I (1) 

wherein subscripts u and f refer to the unfired and fired 
states, respectively. This switching ratio was evaluated 
because of its applicability to operating conditions in 
the direction-finding equipment in which the tube finds 
its principal use. 
The tube under test is fired at audio frequencies by a 

square wave of 250 peak volts. Included in the circuit is 
a frequency-doubler arrangement which delivers a 
square wave at twice the fundamental frequency. This 
double-frequency wave is applied to disable the receiver 
during part of each fired and unfired period. The switch-
ing ratio may then be measured as the relative height of 
two square-wave pips on the oscillograph. 
The relative admittance of the 1B25 may be defined 

as 

Yu/Y0 = jbu  gu, for the unfired state,  (2) 

and 

Yill'o=  for the fired state.  (3) 

Yo is the surge admittance of the line, Yu and 17, are the 
unfired and fired admittances of the 1B25, and the b's 
and g's represent corresponding relative susceptances 
and conductances. 
The tunable coaxial line terminated by the 1 B25 may 

be considered to have an electrical length of 0 degrees 
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from the junction k. When an analysis is made of the 
junction voltages for the fired and unfired condition, the 
following expression for switching ratio may be de-
rived: 

(gf + 1)2 + 2gf + bf2 

[3+  (cos 0 — bf sin 0)2 + (gf sin 0)2] 
(SR) 2 =   (4) 

[3 +   1 
(cos 0 — b. sin 0)2 (g. sin 0)2J 

This working expression gives the ratio squared of the 
magnitudes of the received signal for the two conditions 
of the tube as a function of the length of the tunable line 
and of a set of constants which represent the lumped 
relative admittance of the switching tube during non-
conducting and conducting periods. 
The results of various possible switching-tube admit-

tances, plotted from (4), are illustrated in Fig. 2. The 
parameters chosen and the equivalent circuits represent-
ing the types of "short" introduced by the firing of the 
1B25 are indicated in the accompanying legend. Very 
distinct characteristics classify the possible types of tube 
behavior. 
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Fig. 2—Variation of switching ratio with length of tunable line, based 
on (4) for different possibilities of fired-tube admittance. 

160 

The inverse problem of determining the admittance 
characteristics from the experimentally measurable SR 
function required a graphical solution. Fig. 3 shows loci 
of SR(0,,110. find ) and Omie . fired. The latter parameter was 
chosen as most convenient for the graphical analysis; 
it represents the electrical angular length of the tunable 
line for the condition that the junction voltage be a min-
imum during the fired condition. The switching ratio 
for Ore ie. fired is in general nearly equal to the maximum 
switching ratio. In Fig. 3, g8 is assumed to be zero, as 
may be expected in a properly insulated tube. The value 
of b. is 0.36, which corresponds to a Orei„. fired  of 70.3°, or 
a capacitive reactance of 417 ohms at 400 Mc, and is the 

value to which all tubes are adjusted during manufac-
ture. The intersection of loci Ore ie. tired  and SR(Omi1,. fired) 
defines bf and g. 
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Fig. 4—Variation of switching ratio with length of tunable line for a 
typical 1B25, illustrating the accuracy with which the tube's be-
havior may be identified with admittance parameters. 

.60 180 

Experimental points for an SR(0) curve are shown in 
Fig. 4. The solid line shows the theoretical SR curve ac-
cording to (4) with the parameters bf and gf as obtained 
from Oreie. fired and SR(Omi0. fired) and the graph of Fig. 3. 
The fired gap admittance is, thus, equivalent to a ca-
pacitive susceptance in parallel with a conductance. All 
of the 1B25 tubes measured exhibited a similar admit-
tance at 400 Mc within the range of attainable currents. 
A more fundamental method of showing the behavior 

of a 1B25 tube is to plot susceptance and conductance 
of the ionized gas as a function of the peak discharge 
current. It is convenient to define the relative suscept-
ance and conductance of the ionized gas: 

b =  — b. 

g •(5) 
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Figs. 5 and 6 show values of b, g, and the ratio of big as 
a function of peak current through the tube. Gas pres-
sure in these two cases was 100 and 195 mm of mercury 
of a mixture of neon and 11 per cent argon. The standard 
1B25 tube is filled to a pressure of 150 mm of mercury. 
Large variations of these characteristics were found, but 
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Fig. 5—Variation of conductance and susceptance at 400 Mc as a 
function of the direct current through a 1B25 tube having low gas 
pressure. 
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Fig. 6—Variation of conductance and susceptance at 400 Mc as a 
function of the direct current through a 1B25 tube having high gas 
pressure. 

susceptance and conductance always increased with the 
direct current. The admittance of a tube usually changes 
during operation, particularly at the outset; the plotted 
alues were measured, therefore, after the tube had 
been aged at least 30 minutes. The differences between 

operation at 100 and 195 mm of mercury, as illustrated 
in Figs. 5 and 6, are quite typical of the general shift in 
characteristics with gas pressure. Conductance (par-
ticularly) and susceptance both increase with decrease 
in pressure. 
In Fig. 6 theoretical curves also are shown for b and g 

variation with current. Since the theoretical computa-
tion is lengthy and necessarily approximate, it has been 
omitted. The calculated behavior agrees with experi-
ment only to the extent of indicating trends. 
A large switching ratio was desirable in the antenna-

switching application. This ratio could be obtained at 
high gas-discharge currents, but practical limitations on 
tube life limited the current to about 40 ma. Operation 
at pressures lower than 150 mm was excluded because of 
excessive sputtering and eventual short-circuiting of the 
electrodes. An attempt was made to increase the switch-
ing efficiency by mechanically restricting the area of 
glow between the two electrodes. 'A ceramic collar was 
built to enclose the sides of the cathode as illustrated in 
the sketch of Fig. 7. This collar restricted the cathode-
glow region to the flat surface facing the anode. A more 
uniform distribution of cathode glow resulted, which 
tended to prevent erratic shifts in the switching ratio. 
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Fig. 7—Variation of the 400-Mc conductance and suscept-
ance with current for a restricted discharge. 

The voltage drop was increased, however, due to the 
abnormal glow condition. Conductance and susceptance 
values for the restricted discharge are plotted in Fig. 7. 
At high current values beyond the indicated unstable 
point, the cathode glow jumped around the collar and 
returned to a condition of unrestricted discharge. It may 
be observed that restriction of the discharge increases 
the susceptance and decreases the conductance of the 
ionized region. 
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Bridged Reactance-Resistance Networks* 
G. R. HARRISt 

Summary—Consideration is given to the various possible six-
arm, six-element RC bridged networks of which the parallel-tee is 
the previously known example. It is found that six symmetrical RC 
structures exist having the infinite attenuation property of the paral-
lel-tee and other properties differing from those of this structure. The 
duality of certain pairs of such structures is demonstrated. 

SCOPE OF THIS PAPER 

HIS PAPER is limited to the development of cer-
tain' networks having six arms only, each arm 
comprising a single resistance or reactance of 

common sign. The chief property of interest of these 
networks is the infinite attenuation attained at some 
real frequency determined by the network constants. 
The designation "bridged" for this class of networks 

is descriptive of less than half the number found, but is 
adopted by analogy with the familiar bridged-tee con-
figuration, which is at the same time a pi in series with 
a single shunt arm. 

THE PROBLEM 

A familiar example of the above-defined class is the 
parallel-tee configuration of resistances and reactances, 
usually capacitive. This structure has been employed 
for a variety of purposes: as a power-supply filter,' a 
radio-frequency bridge,' a frequency-determining ele-
ment of an oscillator,' a selective amplifier,' low- and 
high-pass filters,' a linear frequency discriminator, a 
motor control circuit,' and others. 
In view of this fairly extensive application, extending 

over a period of ten years or more it is of interest to in-
quire whether the parallel-tee configuration is the only 
three-terminal configuration of resistances and capaci-
tances (or inductances) capable of affording infinite sup-
pression at a selected frequency. It will be shown that 
the parallel-tee is not in fact unique, but is a member of 
a class of six six-arm structures having this property. 

DEVELOPMENT OF EQUIVALENT NETWORKS 

The parallel-tee configuration, including its two 
terminating impedances, can be drawn in generalized 

• Decimal classification: R143. Original manuscript received 
by the Institute, October 29, 1948; revised manuscript received, 
February 23, 1949. 
f Jones & Laughlin Steel Corporation, Pittsburgh, Pa. 
I H. W. Augustadt, United States Patent No. 2,106,785; 1938. 
'W. N. Tuttle, "Bridged-T and parallel-T null circuits for meas-

urements at radio frequencies," PROC. I.R.E., vol. 28, pp. 23-30; 
January, 1940. 

W. G. Shepherd and R. 0. Wise, "Variable-frequency bridge-
type frequency-stabilized oscillators," PROC. I.R.E., vol. 31, pp. 256-
269; June, 1943. 

4 H. H. Scott, "A new type of selective circuit and some applica-
tions," PROC. I.R.E., vol. 26, pp. 226-236; February, 1938. 

6 G. J. Thiessen, "R-C filter circuits," Jour. Acous. Soc. Amer., 
vol. 16, pp. 275-279; April, 1945. 

6 J. R. Tillman, "Linear frequency discriminator," Wireless Eng., 
vol. 23, pp. 281-286; October, 1946. 

7 D. S. Bond, United States Patent No. 2,429,257; 1947. 

form as the eight-arm mesh of Fig. 1. This mesh can be 
considered either as a configuration of impedances or 
admittances; it happens that the equation stating the 

Fig. 1 

conditions for infinite attenuation of the parallel-tee 
falls in a more elegant form when expressed in admit-
tances. For half of the networks to be developed, how-
ever, the reverse is true, and thus it is convenient to be-
gin with both forms of the mesh in Fig. 1. It will be 
noted that the subscripts of the chord impedances of 
Fig. 1(a) are those of the branch admittances of Fig. 
1(b), and vice versa. This inversion brings the equations 
for dual networks into parallel form and halves the 
number of equations to be solved. 
If the opposite branches Yi and Y5 of Fig. 1(b) are 

made the terminating impedances, the parallel-tee con-
figuration of Fig. 2 appears. If, however, opposite 
chords are made terminating impedances, as Z1 and Z5 
of Fig. 1(a), the configuration of Fig. 3 is obtained. 
These two networks are dual, as the series and shunt 
arms of either one appear as the correspondingly num-
bered shunt and series arms, respectively, of the other. 
The configuration of Fig. 3 might well be called a series-
pi network by analogy with the parallel-tee of Fig. 2. 

Y5 

Fig. 2 

Z5 

Fig. 3 

Two other symmetrical configurations may be ob-
tained by making adjacent chords of Fig. 1(b) and 
adjacent branches of Fig. 1(a) the terminating im-
pedances. If Y2 and Yg are so chosen in the first of these 
cases, the configuration of Fig. 4 results. This may be 
called a shunt-ladder network, since it is in fact a ladder 
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in series with a single shunt arm. If Z2 and Z8 are chosen 
as terminating impedances, the configuration of Fig. 5 
j appears, which may be called a bridged-ladder. The net-
works of Figs. 4 and 5 are dual. 

Fig. 4 

Fig. 5 

E = Jai + Z2 +  Z3)  12Z2 

0 = — riZ2 

0 = 0 

0 = — 11Z8 

Ye 

Z8 

+12(z2+z3+z4) 

-12z4 

13= E 

CQNDITIONS FOR BALANCE 

All four of the networks developed above, if con-
sidered as symmetrical about a vertical center line, have, 
of course, lattice equivalents, which may be easily de-
rived through Bartlett's bisection theorem. It is, there-
fore, convenient and not inaccurate to speak of the con-
ditions for infinite attenuation as the balance condi-
tions. 
Balance conditions may be determined by setting up 

the general circuit equations in terms of E, I, and either 
Y or Z, and equating either E or I to zero. As the net-
work of Fig. 3 is drawn as a configuration of imped-
ances, it will be convenient to determine its balance 
conditions from its mesh equations. The order of the 
meshes is obvious from Fig. 1(a) when E, the applied 
voltage, is considered to be in series with Z1. The mesh 
currents are taken as flowing clockwise in each mesh. 

0 

-  1 3Z4 

+  13(Z4 +  Z6 + Z6) 

-13z6 
- Z2 

- Zs 

Z2 + Z3 + Z4 

- Z4 

0 

— 1 4Z8 

0 

-  14Z6 

±  l ag + Z7 + Z8) 

0 

- Z6 

Z6 .- 1- Z7 + Z8 

The graphic method described by Tellegens may be 
used to demonstrate the duality of these two pairs of 
configurations. If the configuration of Fig. 4, for exam-
ple, is drawn in solid lines as in Fig. 6; a node placed in 
each of the four meshes of this configuration, as well as 

Fig. 6 

one outside corresponding to the mesh circumscribing 
the configuration; and branches drawn from node to 
node so that each node is the junction of as many 
branches as its corresponding mesh has chords, then the 
dotted-line configuration of Fig. 6 is obtained. The 
dotted-line configuration is the dual of the solid-line 
configuration, and is seen to be the configuration of 
"'Fig. 5 previously developed. 

• B. D. H. Telle"gen, "Geometrical configurations and duality of 
electrical networks, Phil. Tech. Rev., vol. 5, pp. 324-330; November, 
1940. 

A 

where A is the full determinant. The requirement for 
balance is that /3=0. If this substitution is made in the 
above expression, the minor is easily expanded to: 

0 = Z2Z4(Ze + Z7 + Z8) + Z6Z8(Z2 + Z3 + Z4)  (1) 

which expresses the conditions of balance for the net-
work of Fig. 3. If the Z's in (1) are replaced by Y's of 
the same subscripts, the resulting equation in Y's ex-
presses the conditions of balance for the parallel-tee 
network of Fig. 2. 
The balance equation for the networks of Figs. 4 and 

5 is derived in the same manner, and is found to be, for 
the shunt-ladder configuration of Fig. 4: 

0 = Y3Y7(Y4  17 6 +  Ye) + Ya(YsYs -F Y4Y7) 

Y4Y6(Y1  173 175  Y7).  (2) 

This equation in Z's applies to the bridged-ladder con-
figuration of Fig. 5. 

PHYSICALLY REALIZABLE STRUCTURES: PARALLEL-TEE 
AND SERIES-PI 

As has been mentioned, this paper is confined to six-
arm structures of six elements only. Since RC networks 
are of more general application than RL networks, the 
latter will not be discussed, although it is obvious that 



884  PROCEEDINGS OF THE I.R.E. August 

w2 = 

for every RC structure considered, a corresponding RL 
structure exists. 

C2  C4 

R8  R6 

R3  C7 

Fig. 7 

The RC parallel-tee structure corresponding to Fig. 2 
is that of Fig. 7. Its balance conditions are expressed 
in general terms by the Y form of (1) above 

0 = Y2Y4(Ye  /77 +  Y8) -I- Y6 Y8( Y2  1T3 + Y4). 

Substituting g3, ge, gs, jb2, ib4, and jb7 for the cor-
responding Y's gives: 

0 -= — b264(ge  ge + jb2) + g6g8(g3+ j[b2+ 64]•) 

The real and imaginary terms may be separated and 
equated to zero in the usual manner: 

Real: 

Imaginary: 

g3g6g8  = 6264(g6+ gs) 

626462 = (62+ 64)g6g3. 
(3) 

(4) 

At this point it is convenient to replace the g's and 
b's by the R's and C's of Fig. 7: 

W 2C2C4 ( -1 + _) = 

1 

Rg  Rg  R3 R6 R8 

W(C2 + C4) 

Rg Rg 
W 3C2C4C7 = 

1 
w2   

C2C4R3(R8 + R8) 

C2 + C4 

C2C4C7 R6 R8 

— — - --2.7(A/c2c4R3(R6+ R8) 
1 /  C2+ C4   

I =  C2C4C7R6R8 

If (5) is equated to (6), 

(C2 C4)C2C4R3(Re  Rs) = C2C4C7 R6 R8 

C2 ± C4  R6 R8 

R3(R6 Rs)  (9) C7 

The balance conditions for the structure of Fig. 7 may 
thus be expressed by two equations, either (7) or (8), and 
(9), the latter being independent of frequency. 
The RC structure corresponding to the configuration 

of Fig. 3 is that of Fig. 8, the dual of Fig. 7. It is, of 
course, unnecessary to derive its balance equations, as 
they may be obtained from (5) through (9) previously 

derived merely by replacing all C's with R's of corre-
sponding subscripts, and vice versa. These correspond-

ing equations are: 

Imaginary: 

Real: 

W2 = R2R4C3(Ce 

R2 + R4  2 — W — 

R2 + R4 

R2R4R7C6C8 

1 

27TA/R2R4C3(C6 + C8) 

1 V  R2 + R4 
= - 
2r  R2R4R7C6C8 

C6C8 

R7  C3(C6  C8) 

Either of (12) or (13) together with (14) expresses 
the balance conditions for the structure of Fig. 8. 

(10) 

0  

^ C8 

R7 
- -1AAAAA" --

Fig. 8 

C6 

 0 

PHYSICALLY REALIZABLE STRUCTURES: SHUNT-
LADDER AND BRIDGED-LADDER 

The parallel-tee RC structure discussed above was 
previously known, and the series-pi is its dual. The 
problem of deriving real RC structures for the net-
works of Figs. 4 and 5 however, is less easy of approach. 
Analogy with the previously developed structures and 
regard for symmetry suggest that if the three shunt 
arms, 173, Y6, and Y7 of Fig. 4, are made capacitances, 
the remaining arms must be resistances and the struc-
ture of Fig. 9 is thus obtained. Its balance equations 

0 

Fig. 9 
0 

may be derived from (2) by substituting the conduct-
ances and susceptances of Fig. 9 for the generalized ad-
mittance: 

0 = — 6367(g4 

+ g4g6(gi 
+ g6 +j65) + fb6(g6jb3+ g407) 
+ i[b2+ b8+ 62]). 

The real and imaginary terms of the above may be 
separated and equated to zero: 

Real: 

Imaginary: 
gig4g6 — 147(k4 + g6) — 65(g663 + g462).= o 

63/47 — g4g6.(b3 +14 + b7) — 0. 
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In terms of the element designations of Fig. 9 these  mediately as Figs. 11 and 12, respectively, and their 
equations become:  balance equations written down by inspection of those 

Real:  1 = RI7v2(R4C3K7 -I- Cbi + R6C7K 3 ± Cd)  (15)  previously obtained. These equations for the structure 
of Fig. 11 are: 

C3 ± C5 + C7 
Imaginar y :  w2  =   (16) 

R4R6C3C5C7 t" = —    
1 V R3 ± R6 -I- R7 

(23) 
or  27r  C4C6R3R R7 

C 4C 6R3R6R7 

r = 
1 V C3  Cb ± C7 

R4R6C 3C 6C 7 

If the value for w2 of (16) is substituted in (15) the re-
sulting equation is: 

R 4 R 6C3 C6 C7 

R1(C3-1-05-FC7) 

The balance conditions for the structure of Fig. 9 may 
thus be expressed by (17) and (18), the first giving the 
frequency at which balance occurs, and the second a 
relation which the network elements must satisfy. 
Although the networks of Figs. 7 and 8 are the only 

possible symmetrical RC structures corresponding to the 
configurations of Figs. 2 and 3, the structure of Fig. 9 is 
not a unique embodiment of the configuration of Fig. 4. 
If arms Y3, Y5, and 177 are made resistances and the re-
maining arms capacitances, the structure of Fig. 10 is 

(17) 

(18) 

0  

R4 C3( C7  C O  R6 C7( C3  C6) • 

R7 

 0 

Fig. 10 

obtained. Its balance equations, obtained as before, are: 

Real:  1 = w2C 4C 6(R6R7 R3R7  R3R5)  (19) 

C4(R3 ± R5) 4-C6(R5 + R7)  
Imaginary: w2C1C4C6=  (20) 

R3R5R7 

From these are derived: 

1 
271A/C4C6(R5R7 R3R7 R3R5) 

and 

C 4(R3+ R5) +Ce(R6+ R7) 

CI 

R3 R5 R 7 

R5R7-1-R3R7A-R3R5 

Ci(R3+ R5+ R7) 

The equations of balance for the structure of Fig. 12 

are: 

(24) 

R4( C3 

— C4R3(R7+14)+C5R7(R3+ R5)• 

1 
f 

27rN/ R4R6(C5C7  C3C7  C3C3) 

C + R6(C 5 + C7)  C3C5C7 

R1 C5C7  C3C7  C3C5 

Fig. 12 

(25) 

(26) 

PROPERTIES OF SIMPLIFIED STRUCTURES 

When elements of the structures of Figs. 7-12, in-
clusive, are duplicated or triplicated, the balance equa-
tions reduce to more manageable forms, and, inciden-
tally, reveal network properties which are masked by the 
general equations (7) through (26). If in the structures 
of Figs. 7 and 8 the elements having subscripts 2 and 6 
are set equal to those of subscripts 4 and 8, respectively, 
the equations of balance become: 
For Fig. 7: 

or 
(21) 

• (22) 

The bridged-ladder structures dual to the shunt-lad-
der structures of Figs. 9 and 10 may now be drawn im-

Fig. 11 

and 

For Figure 8: 

or 

1 
f =  _  (27) 

27rN/2C2‘/R3R6 

f=   
27rR6VC2C7 

4C2 R6 
= 

C7 R3 

(28) 

(29) 

f =  - 1 
27r.V2R2VC3C5  (30) 

f=   
27rC6Y R2R7 

(31) 
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and 

4R2_ CI3 

R7 —  C3 
(32) 

As the properties of the parallel-tee have been discussed 
rather extensively and those of the series-pi are identi-
cal, no further consideration will be given them here. 
If in the structures of Figs. 9-12, inclusive, elements 

of subscripts 3 and 4 are set equal to those of subscripts 
7 and 6, respectively, the equations of balance become: 
For Fig. 9: 

For Fig. 10: 

For Fig. 11: 

For Fig. 12: 

C3 
4/1  2 5 

271-C3R4 

R4 4C3 2C5 

=  ± 6 

= 

I = 
R5 

2TR3C4 ,V1 + 2—  
R3 

CI 4R5 2R3 
— = —  +- - + 6. 
C4  R3 R5 

I = 

2R3 
/1/ 1 ±   

R5 

27R3C4 

(•4 4 R3  2 R5 

C1 = R5 -j - 6. RI 

= 
Cfi 

C3 

R1 4C5 2C3 • 

R4 C3 + C5 + 6. 

These equations are significantly different from the 
corresponding equations (27) through (32). The fre-
quency-determining equations here contain a term 
which is a ratio of two like elements; this makes it pos-
sible to multiply or divide within certain limits the fre-
quency determined by the duplicated elements. Con-
sider, for example, (33) and (34), which apply to Fig. 9. 
If C3/C5= 1, these become: 

1 

(33) 

Suppose, however, that C3/C6= 2. Then 

v/-5-
I = 2irc3R4 

R4 

—  =  15. 

(43) 

(44) 

A more interesting property appears from further con-
sideration of these equations. Suppose C3/C6=1/2. 
Then 

R4 
—  = 12. 

R1 

(45) 

(46) 

(34)  For given values of C3, R4, and R1 there are two inde-
pendent frequencies of balance, (41) and (45), corre-
responding to two particular values of G. This double 
frequency of balance results from the form of (34) and 
corresponding equations for the other structures of this 
group. 
In (34) for example, let R4/R3=P, and C3/C5=Q. 

The equation then becomes: 

2 
P = 4Q + — + 6.  (47) 

It has been shown just previously that P=12 for two 
different values of Q. The minimum values of P and 

(37)  Q are obtained in the usua l manner  by different iat ing  
P with respect to Q and setting the derivative equal to 
zero. 

(35) 

(36) 

(38) 

2TC3R4 V 1 + 2 — 

I =   
27rc,R, 

R4 — — — 12 
R1  

(39) 

(40 ) 

(41) 

(42) 

(LP  2 
—  = 4— — = 0 
(/Q  Q2 

1 Q2 = 
2 

1 

Qm in = 

\ '2 
or  0.707  (48) 

4 
2Pinin =   -  + 6 =-- 11.656. (49) 

Values of P less than this cannot be chosen if real results 
are to be obtained from (33) through (40). A graph of 
(47) is shown in Fig. 13, the Q scale being logarithmic. 
Drawn in this manner, the curve is a parabola. 
The shttnt-ladder and bridged-ladder structures dif-

fer from the parallel-tee and series-pi in still another 
way. It is possible to make either all R's or all C's the 
same value in both the latter two structures, but not in 
former structures. In the shunt-ladder and bridged-
ladder configurations, the three resistances or capaci-
tances occupying similar arms may be made equal, but 
not the elements of the other three arms. In Fig. 9, for 
example, all C's can be made equal, but not the R's; in 
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Fig. 10 the R's can be made equal, but not the C's. This 
follows from (49) which shows that the minimum value 
of P is a little less than 12. 

36 

34 

30 -

28  - • 

28 -

24 

22 

20 

IS 

14 

12 

10 

— 

01 
• $11 / 811 1 4 54 7 49 1 2  3  4 54 , 41,10  

Fig. 13 

' "11:o 

Although this paper will not discuss particular ap-
plications of the structures considered, some practical 
advantages of the shunt-ladder and bridged-ladder 
structures will be briefly mentioned. Where networks 

balancing at low frequencies are desired, the structure 
of Fig. 12 offers economies in the size of the capacitances 
required. Where a high frequency balance is wanted, 
the structure of Fig. 9 is more suitable, as its capaci-
tance values may be made appreciably larger for a given 
balance frequency than those of the others. The struc-
ture of Fig. 9 is useful if the three capacitances are to 
be varied, as they have a common terminal. This ter-
minal need not be too far above ground potential, since 
the ratio of the series to the shunt resistances may be 
made fairly large. 

ADDITIONAL NETWORKS 

The configurations of Figs. 2 through 5 are not all 
those which may be developed from the mesh of Fig. 1. 
Two other such exist, but as they are not symmetrical 
and do not appear to possess any properties not previ-
ously known, they will be mentioned only briefly. One 
is obtained from making an adjoining branch and chord 
the terminating impedances; the resulting three-ter-
minal configuration cannot be embodied in an RC struc-
ture which balances at any real frequency. The other 
is obtained from making an opposite branch and chord 
the terminating impedances; the resulting four-terminal 
configuration is that of the well-known Anderson 
Bridge. It is possible to balance this structure when 
only two of its six arms are capacitances, but in this 
respect it merely equals the Wien RC Bridge. Each of 
these additional configurations is its own dual. 

Ionospheric Virtual Height Measurements 
at 100 Kilocycles* 

ROBERT A. HELLIWELLt, ASSOCIATE, IRE 

Summary—A simple high-power ionosphere sounding equipment 
for use at low frequencies is described. Its application to the meas-
urement of virtual height at vertical incidence at a carrier frequency 
of 100 kc is reported. Results of nearly a year of intermittent night-
time measurements showed a remarkably large variation in virtual 
height which ranged from about 34 km to as high as 106 km. Some 
evidence was found to indicate that frequently at night the reflecting 
region consists of clouds or patches of ionization, rather than the 
more nearly uniform ionization characteristic of the regular layers 
at high frequencies. A rotation of the polarization of the reflected 
signal with respect to that of the transmitted signal was observed. 

I. INTRODUCTION 

ECENTLY, considerable interest has arisen in 
the behavior of the ionosphere at low and very 
low frequencies. The development of low-fre-

quency precision aids to navigation, such as If Loran, 

Decimal classification: R248.13 X R113.602.21. Original manu-
script received by the Institute, September 20, 1948; revised manu-
script received, March 18, 1949. 
I' Stanford University, Stanford, Calif. 

has necessitated a detailed knowledge of the variations 
in the electrical properties of the ionospheric reflecting 
region at these frequencies. Of particular interest is the 
virtual height' of reflection of low frequency sky-wave 
signals, for upon the virtual height depends the time 
delay and arrival angle of a sky wave. It is the purpose 
of this paper to report the initial results of virtual height 
measurements made at a carrier frequency of 100 kc, 
and to describe the special equipment developed for 
this purpose. 
Much of the knowledge of the electrical and physical 

properties of the upper atmosphere has been obtained 
directly or indirectly by radio methods applied mainly 
at frequencies above 500 kc. The foremost of these is the 
group retardation or "pulse" method of Breit and Tuve 
which gives the virtual height of reflection of a short 
pulse at a given carrier frequency. Because the heights 

1 "Virtual height" is defined as the height at which a signal would 
be reflected, if the ionosphere were replaced by a perfectly reflecting 
surface. 
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at which propagation is influenced by the presence of 
ionization tend to increase with the frequency, the char-
acteristics of the lowest regions of the ionosphere can 
best be investigated by radio methods only at low fre-
quencies. Thus it would seem that the study of the 
ionospheric reflections of low-frequency waves offers an 
excellent means of increasing our knowledge of the 
lower ionosphere. 
A limited amount of data on the propagation of sky 

waves at very low frequencies have been obtained by the 
continuous-wave interference method2 and by the ob-
servation of signals from lightning discharges.3 In the 
continuous-wave technique, variations in effective 
height are 'determined from changes in the relative 
phase of ground and reflected waves arriving at a dis-
tant receiver. Polarization and field intensity can also 
be determined by this method. One of its limitations is 
the difficulty in interpreting the results when more than 
one reflected wave is present, which is the usual situa-
tion during nighttime. Another difficulty arises in at-
tempting to apply the method at vertical incidence, 
where one must somehow attenuate the ground wave 
by several orders of magnitude. 

The other method makes use of the fact that a light-
ning discharge radiates a pulse-type signal which is 
short enough to permit the resolution of multi * reflec-
tions between earth and ionosphere. The virtual height 
of the reflecting layer and the distance of the source 
are found from a measurement of the relative times of 
arrival of three or more pulses which have been reflected 
from the ionosphere a known number of times. This 
method is fundamentally restricted to very low fre-
quencies, since the principal frequency components in a 
typical lightning discharge lie below about twenty kc. 
Various practical limitations prevent the fullest utiliza-

2 J. E. Best, J. A. Ratcliffe, and M. V. Wilkes, "Experimental in-
vestigations of very long waves reflected from the ionosphere," Proc. 
Roy. Soc. vol. 156, pp. 614-633; September, 1936. 

3 B. F. J. Schonland, et al., "The wave form of atmospherics at 
night," Proc. Roy. Soc., vol. 176, pp. 180-202; Octobn, 1940. 

tion of these natural radio signals. These include the 
difficulty of determining the location and exact char-
acter of the discharge. Furthermore, there is evidence 
to indicate that abnormal ionization may be produced 
above a thunderstorm. If this be the case, then vertical-
incidence measurements of the normal ionosphere would 
be impossible when using this method. 

II. APPARATUS 

General Description 

The transmitted pulse consists of an exponentially 
damped oscillation which is produced about once every 
second by directly exciting a large "inverted-L" type of 
antenna. This pulse travels by way of the ground and 
the ionosphere to the receiver, located 2.7 km away. A 
block diagram of the system is shown in Fig. 1. The 
ground and principal sky waves are radiated by the 
30-meter high vertical part and the 440-meter long 

0700 1. 

77,7% 

W  rososolIfof 

Fig. 1—Block diagram. 

horizontal part of the antenna, respectively. Since the 
antenna is less than a quarter-wave long at 100 kc, a 
loading inductance (L1) is required to tune the antenna 
to resonance. Energy for the pulse is obtained by slowly 
charging a relatively large capacitor C, through a high 
resistance R, from a dc source of high voltage ranging 
from 100 to 200 kv. The charged capacitor is connected 
in series with the antenna by means of a variable-length 

Fig. 2—Transmitter site. 
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sphere gap. One of the spheres is mounted on an arm 
which rotates at a rate of about 1 rps. An instant before 
the moving sphere reaches the position nearest the fixed 
sphere, the gap breaks down and the energy stored in 
the capacitor flows into the inductance and the antenna 
which may be regarded simply as a transmission line. 
The repeated reflections of diminishing amplitude pro-
vide an exponentially damped oscillation whose period 
depends primarily on the line length and the size of LI, 
and whose time constant depends primarily on the re-
sistance of the ground connection. To reduce the pulse 
length, additional resistance may be placed in series 
with the antenna. With typical circuit constants, no ex-
ternal resistance, and an applied voltage of 100 kv, the 
peak current in the pulse is 200 amperes, and the time 
constant is 150 is. A photograph of the transmitting 
antenna and the Ryan High Voltage Laboratory is 

shown in Fig. 2. 
The principal receiving problem is obtaining an ade-

quate signal-to-noise ratio. In spite of the large current 
flowing in the transmitting antenna, the power radiated 
from the horizontal part is only of the order of 1 kw 
because of the extremely low radiation resistance. At 
low frequencies and at low and medium latitudes, 
atmospheric static is usually the limiting factor in re-
ceiver sensitivity. A substantial reduction in the pickup 
of such static is effected by use of a balanced horizontal 

dipole which is relatively insensitive to signals arriving 
at low vertical angles. To permit the "nulling out" of 
ground waves and to allow the polarization of the down-
coming waves to be investigated, the dipole is uni-
versally mounted. Azimuth and tilt are controlled at 
the receiver by two sets of selsyns. By proper orienta-
tion of the dipole in the horizontal plane, its response to 
vertically polarized signals can be reduced by 60 db be-
low that with the dipole vertical. The dipole is shown 
in the photograph of the receiving site in Fig. 3. 
The pulses picked up by the dipole are amplified by a 

simple broadband TRF receiver of straightforward de-
sign. The output of the receiver is fed to a five-inch os-
cilloscope whose time base is triggered slightly in ad-
vance of the arrival of the ground pulse at the indicator 
by the strong ground pulse which is received on a 
broadly tuned vertical antenna. The time delay of the 
echoes with respect to the ground pulse is measured by 
means of timing markers which are derived from a 30-
kc ringing oscillator. The ringing oscillator is triggered 
by the oscilloscope gate voltage. A photographic record 
of each trace is made with a motor-driven single-shot 
16-mm movie camera, which is controlled by the gate 
voltage from the oscilloscope in such a way that the film 
moves ahead one frame each time the sweep is trig-
gered. The time is indicated on each frame by a seconds-
counter situated in the upper right-hand corner directly 
in front of the cathode-ray tube. 

Power Supply 

With the relatively low repetition rate of one pulse 
every one and one-half seconds, the average demand 
from the power supply is small, being about twenty 
watts under typical operating conditions. A maximum 
voltage of about 200 kv is obtained from nine cascaded 
half-wave rectifiers which are supplied from a 23-kv, 
60-cycle transformer. A simplified schematic of the sup-
ply is shown in Fig. 4. Each stage consists of two 27,000-
volt, 0.125-µf capacitors in series with a half-wave high-
vacuum rectifier, type 250R. To avoid the problem of 
filament transformer insulation, the filament power is 
obtained from a 1-kw 450-kc oscillator which supplies 

Fig. 4—Power supply schematic. Fig. 3—Receiver site. 
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a current of one ampere to the autotransformer pri-
maries which are connected in series through the capaci-
tors. The secondaries supply the required filament cur-
rent of ten amperes to each of the nine rectifiers. 
Each autotransformer is tuned approximately to reso-

nance by means of a shunt capacitance. The effect of 
variations in primary current from stage to stage is 
compensated by individually adjusting the tuning of 
each stage. The measurement of filament power is read-
ily made with the aid of an optical pyrometer which is 
first calibrated, using a filament carrying a known effec-
tive current. 
Over-voltage protection is provided by spark gaps 

connected across each capacitor, and "transmit-re-
ceive" gas tubes connected across each auto trans-
former. 

Antenna Current 

The current which flows in the antenna can be deter-
mined by considering the circuit to be made up of an 
inductance in series with a transmission line and a 
source of voltage. It is assumed that the capacitance C, 
which appears in the block diagram of Fig. 1, is so large 
compared with the antenna capacitance that the varia-
tion in voltage across C during the charging of the line is 
small and can be neglected to a good approxiniation. 
The method of solution most adaptable to the present 

problem is to consider the total current to be the super-
position of a series of sinusoidal components. Their 
amplitudes and frequencies may be determined by solv-
ing the transmission line differential equations in the 
presence of the given initial and boundary conditions by 
the method of the Laplace Transformation. From such 
an analysis one finds the current at a distance x from 
the sending end of the line to be 

4E x 
I = —  E sin 2rf„: 

rzo 

and the frequency of the nth mode to be given by 

7r f„ 
tan - 

2 Jo 2r1oLi 

Zo 

Equation (1) is useful in obtaining the amplitude of 
the fundamental component of current from which the 
field intensity of the radiated wave may be calculated. 
Equation (2), which is best solved graphically, gives the 
loading inductance required to tune the line to the de-
sired frequency. 

Field Intensity 

The complete expression for the radiation components 
of the field produced by an "I" antenna is rather in-
volved ;6 however, for vertical incidence work, the field 
intensity of interest is that directly above the antenna. 
This may be computed readily by assuming a sinusoidal 
current distribution on the antenna, and adding the 
direct and ground-reflected components produced by 
the horizontal part. This leads to the following expres-
sion for the magnitude of the field intensity in volts per 
meter at the receiving antenna assuming unity reflec-
tion coefficient at the ionosphere: 

2rb 
1 — cos — 

3010 X 
E, = 

where 

rr, 

d  a ± b 
sin 2r   

X 

1 — Tr/ar I 1 — rh/cele  (3) 

/0 =base current in amperes 
d = total path distance in meters 

b = length of transmitting antenna flat top in 
meters 

a =height of transmitting antenna above ground 
X =operating wavelength in meters 
rR= magnitudes of ground reflection coefficients at 

transmitter and receiver, respectively (normal 
incidence, horizontal polarization) 

2rf„Li 
o[cos —7 x   sin — 

2/f0 zo  2/fo 

.1.„[  L1 1 4f0 —  4r2f2 C2)1 
zo  zo 

(2) 

where 
E= voltage of source capacitor 
zo =characteristic impedance of line 
f„ = frequency of the nth mode of oscillation 
fo =c/41=natural resonant frequency of line 
c= velocity of light 
/=length of line 
LI =loading inductance. 

'H. S. Carslaw and J. C. Jaeger, "Operational Methods in Applied 
Mathematics," Oxford University Press, 1941. 

(1) 

4ra 
aT 

X 

4r h 
aR = PR + -

X 

Pr, PR = phase angles of ground reflection coefficients at 
transmitter and receiver, respectively (normal 
incidence, horizontal polar) 

h=height of receiving antenna above ground. 
As an illustration of the magnitude of the field inten-

sity to be expected, it is found that in a typical case in 

G. W. Pierce, "Electric Oscillations and Electric Waves," Mc-
Graw-Hill Book Co., Inc., New York, N. Y., First Edition, 1920, Chap. IX. 
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which /0=302 amperes and d=180 km (round trip dis-
tance to ionosphere), the peak field intensity at the re-
ceiving dipole calculated from (3) is 340 Ay per meter. 
It is of interest to note that, for an antenna which is. 
elevated only a small fraction of a wavelength above 
ground, as is the case here, the upward field is increased 
appreciably as the soil conductivity is reduced. 
The practical measurement of the peak field intensity 

of the reflected pulses may be carried out by calibrating 
the receiver in terms of the total field present at the 
antenna. This calibration is effected by using the ground 
pulse as a standard field in which the dipole is oriented 
at a known angle, with respect to the electric vector of 

the ground wave. 
Under favorable conditions, a loop antenna may be 

used directly to measure the strength of the downcoming 
echoes. Usually, however, the response of a loop to noise 
and interfering signals is too great to permit such 

measurement. 

Receiver 

The receiver used in these experiments is a simple 
TRF type having three tuned circuits (not counting the 
tuned antenna). The dipole transmission line is coupled 
to the receiver through an electrostatically shielded 
transformer, the over-all bandwidth of which is about 

25 kc. 
The pulse response of the receiver is best described 

by the oscillogram of Fig. 5, which shows the form of the 
75-As ground pulse as it appeared on the indicator. The 

Fig.15 —Ground pulse, T=75 iss, 5-km markers. 

negative pips are timing markers spaced 331 As apart. 
The pulse rise time is seen to be about 30 As and the 
duration measured to one-third peak amplitude is about 
150 µs, or twice the input time constant. The wideband 
of the detector and following circuits permits some rip-
ple of twice the carrier frequency to appear on the out-
put pulse. This ripple is actually quite useful, since it 
serves as a time scale for measuring pulse rise time more 
accurately than is possible with the 5-km markers. 

• The field intensity of the ground wave may be measured ap-
proximately with a loop-type intensity meter in which the induced 
pulse is matched by a similar inserted pulse of known peak ampli-
tude. The approximation is that the effective height of the loop is 
assumed the same for the sideband components of the pulse as for 
the carrier, although it actually varies directly with frequency for a 
small loop. 

III. RESULTS 

Virtual Heights 

Apparatus of the type described in previous sections 
has been used to measure the virtual heights of the night-
time E layer of the ionosphere at a carrier frequency of 
100 kc. These measurements, made on several occasions 
from the fall of 1947 to the summer of 1948, show cer-
tain interesting effects which will be described. 
A rather unusual oscillogram was selected to illustrate 

the measurement technique, and is shown in Fig. 6. It is 
unusual in that it is easy to explain. The effective be-
ginning of the ground pulse coincides with the start of 
the trace and the timing markers. The limiter in the 
receiver flattened the top of the ground pulse and thus 
prevented the otherwise excessively strong ground pulse 
from carrying the timing markers out of the picture. The 
virtual height or time delay of the first reflection is 
measured between corresponding parts of the ground 

Fig. 6—Single reflection, 2250:07 PST, July 19,1948, T=75 As, 
5-km markers. 

pulse and the reflection. The simplest procedure is to 
extrapolate to the base line the linear part of the leading 
edge of the reflection and measure the time delay from 
the beginning of the sweep. Accordingly, the time delay 
of the first reflection is found by counting the number of 
30-kc timing markers, which is 20.9. This corresponds 
to a time delay of 698 /AS. To find the total time required 
for transmission over the almost vertical path (horizon-
tal reflecting layer assumed), we add the time re-
quired for transmission of the ground pulse from trans-
mitter to receiver. Since this distance is 2.70 km, the 
correction is 9.0 As, assuming ground-wave propagation 
at the velocity of light. Thus the total time delay was 
707 As. Although the equivalent path in this case is 
triangular, the base of the triangle is short, compared 
with the height of the reflecting region. Assuming the 
triangle to be isosceles, the half angle at the apex is in 
this case sin-' 9/707 = 44 minutes of arc. It is thus clear 
that the difference between the hypotenuse and the al-
titude of the triangular path may be neglected. The 
virtual height of the one-hop reflection is accordingly 
found by multiplying the velocity of light by one-half 
the measured time delay, which gives a value of 106 
km. Fig. 6 also shows a two-hop reflection; i.e., a pulse 
that has made two roundtrips between the earth and 
ionosphere. Its virtual height, including the base line 
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correction, is 210 km. One-half the height of the two-
hop reflection should equal the height of the one-hop 
reflection. In this case, the difference is 1 km, which is 
the over-all error of measurement in the case of well-
defined reflections such as those of Fig. 6. It should be 
observed that the reflection points, or areas, for two-
hop reflection do not coincide with those for one-hop 
reflection. Although the separation is only 0.7 km in a 
horizontally stratified layer, it would be greater if the 
layer were concave downward. When the region is not 
horizontally stratified, the propagation characteristics 
of the two-hop reflection in general will not be the same 
as those of the one-hop reflection. A tilted ground plane 
will likewise affect the paths followed by a multihop 
signal. These factors must be considered in attempting 
to account for occasional differences in the virtual 
heights obtained from a one-hop reflection and various 
multihop reflections. 
The rise time of both the one-hop and two-hop re-

flections is about 30 his, which is the same as the rise 
time of the ground pulse, while the shape of the tail of 
the one-hop pulse closely approximates that of the 
ground pulse in Fig. 5. The slight fore-shortening of the 
two-hop pulse is believed to result principally from the 
nonlinear response of the diode detector at low signal 

Virtual heights determined in the manner outlined 
above have been obtained from several thousand oscil-
lograms taken on various nights from October 13, 1947, 
to July 1, 1948. In cases of splitting (discussed below) 
the first pulse was used. The median virtual height for 
each minute during which data were taken is plotted in 
Fig. 7. The time is indicated in minutes after the 
Pacific Standard Time of the beginning of each run. 
Perhaps the most noticeable feature of the data is the 
irregular character of the variations in height, which 
ranges from 84 to 106 km. During some periods the 
height remained practically constant for as long as ten 
minutes. For example, on the January 28 run, the height 
remained at 96 km ±1 km from 2108 to 2119 PST. At 
other times, however, the height varied widely. Thus on 
October 13, 1947, the height varied between 106 and 93 
km in a ten-minute interval. The values which occurred 

Fig. 7—Nighttime virtual heights at 100 kc. 

most frequently in the entire group of data were 91 and 
96 km, while the average height was 95.2 km. 
An interesting variation in virtual height occurred on 

February 26, 1948. Referring to Fig. 7, one can see that 
the variation tends to be cyclic with a period of about 
ten minutes. Possibly it is associated in some way with 
air currents in the upper atmosphere. 
The virtual heights reported here are somewhat 

higher than those measured by the continuous-wave and 
lightning-discharge methods described briefly in the 
introduction. Thus Best, Ratcliffe, and Wilkes' found 
nighttime virtual heights of about 90 km at a frequency 
of 16 kc using continuous waves over an oblique-in-
cidence path. Others, studying the signals from light-
ning discharges, found heights ranging from about 60 
to 90 km," the higher values being obtained at night. 
The difference may be explained by the fact that lower-
ing the frequency and increasing the angle of incidence 
reduces the ionization density required for reflection, 
and hence lowers the virtual height in the case of a 
single layer. 

Field Intensity 

Absolute field intensities were not measured except 
towards the end of the period, with which this paper is 
concerned. The field intensities of the one-hop and two-
hop reflections appearing on the oscillogram of Fig. 6 
were determined by the method outlined in section II, 
and were found to be 33 and 14 µv/m, respectively, at 
the dipole receiving antenna. The calculated field inten-
sity assuming unity reflection coefficient at the iono-
sphere is 340 µv/m. If we assume a plane-stratified 
ionosphere, we can determine the reflection coefficient 
of the layer by multiplying the ratio of the amplitude of 
the two-hop signal to the amplitude of the one-hop sig-
nal by two and dividing by the magnitude of the ground 
reflection coefficient. If we take the ground reflection 
coefficient to be 0.97, the ionosphere reflection coeffi-
cient in the above case is found to be 0.88. This reduces 

the computed field intensity to 300 µv/m, which is 
about nine times the measured value. A possible ex-
planation of the large discrepancy between measured 
and calculated field intensities will be given later on in 
the discussion of the polarization effect. 

Echo Splitting 

In contrast to the oscillogram of Fig. 6 is the more 
usual type in which the reflected pulses appear to be 
split into two or more principal components. An example 
of the effect is shown in the oscillogram of Fig. 8(a). 
The first reflected pulse appeared at a virtual height of 
91 kilometers. It was followed by a second, weaker pulse 
at 105 kilometers. A second example of the effect is seen 
in Fig. 8(b). In this case the pulse time constant was 

7 T. H. Laby, et at., "Reflections of atmospherics by the iono-
sphere," A'ature, vol. 142, p. 353; August 21, 1938. 

a 



1949  Helliwell: 100-Kc Ionospheric Virtual Height Measurements  893 

150 /Is, twice that of the pulse of Fig. 8(a). The first re-
flection appeared at 90 km. Its peak was followed by 
at least three additional components at 15-km intervals. 
A two-hop group of reflections appeared at about 178 
km and shows two distinct peaks separated by about 
12 km. A single three-hop reflection appeared at 270 
r km. Further examples of splitting are afforded by the 
oscillograms of Figs. 9(a), (b), and (c). In these cases 
the pulse time constant was again 150 his, but the re-
ceiver bandwidth was roughly seventy per cent of that 
used to obtain the data of Figs. 8(a) and (b). The timing 
marker spacing was 10 km, except for the first space 
which was 11 km. It will be observed that the rise time 
of the first component in each group was about 45 ps, 
as compared with 30 p.s for the previous cases. The chief 
difference between these oscillograms and those of Figs. 
8(a) and (b) is the relative lack of separation of the dif-

(a) 

(b) 
Fig. 8(a)—Split reflection, 2106: 49 PST, June 8, 1948, T'75 As, 
5-km markers. (b) Split reflection, 2132: 19 PST, June 8, 1948, 
T=150 As, 5-km markers. 

ferent components in each group. This overlapping was 
accompanied by considerable variability in the shape of 
the envelope in the space of a few seconds. Thus, in 
Fig. 9(a), two distinct peaks appeared on the one-hop 
reflection, and a slight indication of two peaks ap-
peared on the two-hop reflection. In Fig. 9(b), three 
seconds later, the second peak in the first group had be-
come only a bulge, but the two-hop group exhibited 
three noticeable peaks, the first of which was about one-
half the amplitude of its counterpart in Fig. 9(a). A {rather unusual condition is illustrated in Fig. 9(c), in 
which the one-hop group exhibited three relatively 
weak peaks, while the second group showed only a single 
peak of normal amplitude. The separations of these 

peaks varied between about 10 and 15 km on most of 
the records that have been examined. 

(a j 

(b) 

(c) 

Fig. 9(a) —Split reflection, 2155:22 PST, March 22, 1948, T=150 ps, 
10-km markers. (b) Split reflection, 2155: 25 PST, March 22, 
1948, T=150 As, 10-km markers. (c). Split reflection, 2250: 36 
PST, March 22, 1948, T=150 'As, 10-km markers. 

The variation in the shape of the envelope can be ex-
plained by assuming the presence of several component 
pulses adding together with random relative phases to 
produce the observed result. Why there should be more 
than one reflected pulse is more difficult to explain. 
However, the relative constancy of the separations of 
most of the multicomponent reflections (of which Fig. 
8(b) is a good example) suggests the possibility that the 
lower part of the E region actually consists of a number 
of patchy, nonuniform layers, each of which contains 
"holes" large enough to permit some energy to pene-
trate (at nearly vertical incidence) to patches of ioniza-
tion in the next higher layer. Another explanation is 
that the reflections of longer delay come from patches 
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of ionization which are at about the same height, but 
which are not directly overhead. Further experiments 
aimed at resolving this uncertainty are planned. 

Polarization 

One of the most interesting and consistent effects ob-
served during the course of these experiments has been 
the rotation of the plane of polarization of the down-
coming pulses, with respect to the plane of polarization 
of the transmitted pulse. The polarization of the signal 
transmitted vertically upwards will, of course, be in the 
direction of the horizontal part of the transmitting an-
tenna, which is oriented fifteen degrees west of true 
north. At the receiver, located 2.7 km away in a direc-
tion 45 degrees west of north from the transmitter, 
maximum signal strength is obtained with the dipole 
antenna oriented about ninety degrees from true north. 
Furthermore, the signal strength with the dipole at 
right angles to this position is usually zero or a small 
fraction of the peak intensity, indicating that the 
polarization is linear, or very nearly so. 
One possible explanation of the observed rotation is 

that the Component of signal at right angles to the direc-
tion of maximum signal strength is not reflected, or is 
highly absorbed, while that in the direction of maximum 
signal strength is reflected with relatively small loss. 
In order to bring the calculated signal strength into 
agreement with that measured from Fig. 6, it is nec-
essary for the component of current producing the ob-
served signal to be one-ninth of the total current. Thus 
the direction of the polarization of the received signal 
would have to be at an angle of six degrees (sin—' 1/9) 
with respect to a normal to the transmitting antenna. 
There are, of course, two such directions separated by 
twelve degrees. One corresponds to the direction sixty-
nine degrees west of south and the other to the direction 
eight-one degrees west of south. 
'The variation of field intensity with dipole azimuth 

was not obtained at the time the oscillogram of Fig. 6 
was made. However, approximate measurements of the 
direction of polarization made at other times indicate 
that the average direction is east-west with an esti-
mated variation of plus or minus ten degrees. The re-
quired direction of eight-one degrees lies within this 
range, and hence a check is provided on the explanation 
given above, within the limits of error of measurement, 
which, in the case of the polarization directions, are 
appreciable. 
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In terms of the magneto-ionic theory, one would ex-  Fr 
pect the propagation to be of the "ordinary" component  in 
requiring considerably less ionization density for reflec-  m 
tion than that required by the "extra-ordinary"  for 
component. Even with a relatively sharp ionization  re 
gradient, some difference in time delay between the two  ma 
components would be expec ted It would thus be pos - ma  
sible for the polariza tion  of the sum  of the  two  reflected  me  
components to become more or  less  ellipt ica l, with  the  ou  

major axis shifted with respect to the direction of the 
incident plane-polarized wave. 
The detailed correlation of the experimental resu lts 

with the theory will be postponed until more data are  
available. 

IV. CONCLUSIONS 

This experimental investigation has shown  that  the 
minimum height of the lower region of the nighttime  
E layer is far from constant, varying all the way  from  
84 to 106 km during the course of near ly a year  of 
intermittent measurements. If low-frequency  transm is-
sion problems are to be solved on the bas is of virtua l 
height data, as is clone at high frequenc ies,  then  meas-
urements similar to those described in this repor t must  
be. made at many different loca tions  an d at  severa l fre-
quencies to determine what var iations  in height may  be 
expected. 
Some evidence has  been  foun d to  indicate  that  fre-

quently at night the region of re flect ion  of 100 kc waves  
consists of clouds or patches of ion izat ion,  rather  than  
the more nearly uniform  ion izat ion  character ist ic of  the  
regular layers at higher  frequenc ies.  If this be the  case,  
the relation between  oblique  an d vert ical-incidence  
transmission (sometimes  ca lled the "equ ivalence  theo-
rem"), which holds for  a hor izonta lly strat ified  layer,  
cannot necessarily be ex pecte d to  hold at  low  fre-
quencies at night. It is there fore  highly desirable  that  
studies be made to determ ine  the nature  of  the  relation  
at low frequencies . 
The reflection of 100-kc waves  is apparently  accom-

panied by changes  in po lar izat ion.  Since  the  details  of  
this effect have  not  been  eluc idated,  it is important  
that further exper iments  be con ducted  for  this  purpose,  
both at vertical inc idence  an d at  oblique  incidence.  
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The Demodulation of a Frequency-Modulated 
Carrier and Random Noise by a Discriminator* 

NELSON M. BLACHMANt 

W
ITH THE AID of an idealized 
representation of the discrimina-
tor, MiddletonL2 has shown that a 

frequency-modulated carrier remains intel-
ligible for smaller carrier strengths when 
narrow-band frequency modulation is used 
and the limiter is omitted than with a 
limiter and/or wide-band frequency modu-
lation. It is, therefore, of some interest to 
treat the demodulation process as it actually 
occurs, in the absence of a limiter. Thus, the 
discriminator has been taken to consist of 
two selective circuits, both fed by the out-
put of the intermediate-frequency amplifier, 

but peaked at different frequencies, feeding 
rectifiers whose outputs are subtracted. 
Each half of the device is treated in the 
manner used by Rice" to determine the 
result of passing random noise and a sine 
wave through a rectifier; however, there is a 
correlation between the noise voltages fed 
to the two rectifiers. 
The signal output and the spectral dis-

tribution of the noise output are obtained 
first for quadratic rectification, then in the 
general case, which is specialized then to 
linear rectification. The results are applied 
to a case of rectangular if noise spectrum, 

TABLE I 

and the signal-to-noise ratio is determined 
for the cases of narrow-band and wide-band 
FM. 
These results are found to be very much 

like those for the idealized representation of 
the discriminator;' all are compared, along 
with amplitude modulation, "° in Table I. 
The optimum signal-to-noise ratio for FM 
without a limiter is found to obtain with 
narrow-band FM when the discriminator is 
designed for no wider a band than necessary; 
this optimum signal-to-noise ratio differs 
very little from that for amplitude modula-
tion. 

COMPARISON OF MEAN-SQUARE SIGNAL-TO- NOISE RATIOS 
FOR FM WITHOUT A LIMITER AND AM 

System Demodulator 

Weak Carrier (x<<l) Strong Carrier (x>>1) 

Narrow 
Band 
(fa>>F) 

Wide 
Band 
(f,K<F) 

Narrow 
Band 
(fa>>F) 

Wide 
Band 
(f.<<F) 

Quadratic 
Discriminator R2x2 4( F IfOR2x2 fRx i(F1fORx 

Linear 
FM  Discriminator 2R2x2 (FI10)R2x2 Rx 2 (Flf.)Rx 

Idealized 
Discriminator twX2 2( F /fOx 

AM 

Quadratic 
Detector 2;0 2.( F /Mott ix 4( F If.)x 

Linear 
Detector 1.83x2 1 .83 (F /f.)x2 (F/fa)x 

2F= if bandwidth, fa =audio upper cutoff frequency, x =carrier-to-noise ratio cc 11F, de-
viation ratio =3 —Ulf. for FM, modulation index =100 per cent for AM, 1<R<4/3. 

* Decimal classification: R148 X R361.217. Origi-
nal manuscript received by the Institute. October 28. 
1949: abstract received. March 9, 1949. This abstract 
summarizes Chapters IV and V of N. M. Blachman, 
Cruft Laboratory Technical Report No. .31. March 5, 
1948. 
This work was supported successively under 

OSRD Contract OEMsr-1441 and joint Office of Na-
val Research —Signal Corps Contract N5ori-76. TO! 
with Cruft Laboratory. This paper is scheduled to be 
published in September. 1949, issue of Jour. App!. 
Phys. 
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Nmin = 
2kT S132  S122,5232 Rs2 

The two equations give the same result if the transcon-
ductances are calculated from simple bunching theory 
(a condition not implicit in the derivation of (14)) 
since, then, 

"Application of Velocity- Modulation Tubes for 
Reception at U.H.F. and S.H.I. 

M. J. 0. STRUTT AND A. VAN DER ZIEL 

E. Barlow:1 Strutt and van der Ziel have given an ex-
pression for the minimum noise figure obtainable with 
a particular adjustment of a three-resonator klystron 
amplifier. They have, using their notation, 

=    

•  e10F2  [  5 23 2 

N min  R,   I.  (14) 
2kT s132+ si22.5232Rs2  

With the assumptions used by Strutt and van der Ziel, 
this equation should read, instead, 

el0F2 R.(S12 — 513) 2 

513 = S12 +  5 23, 

but if any space-charge debunching is taken into ac-
count they are no longer equivalent. This opens up the 
possibility of getting a zero noise figure (as far as 
shot noise is concerned). Suppose simple debunching 
theory be considered, so that the transconductances 
take the form 

1 lo w  (hx12)  
S12 =  —  —  —  sin 2 Vo etc., 

where h is the debunching wave number. It is 
longer true that 

S13 = S12 +  S23, 

and if, for example, 

sin (hx13) = sin (hx12) 

and 

x12 x13, 

A fundamental assumption of Strutt and van der 
Ziel's paper is that there is complete coherence of the 
noise fluctuations along the electron beam. It is of inter-
est to investigate how closely this assumption is met in 
practice. In the example given by the authors, an im-
provement of 100/1 was obtained by noise cancellation. 
In order to achieve this performance a "coherence" of 
99 per cent is required, and, of course, even more strin-
gent requirements are imposed if better noise cancella-
tion than this is desired. To formulate the coherence 
requirements more exactly, a correlation coefficient can 
be introduced. If the noise currents at two points along 
the electron beam are designated as i1 and i2 such that 

and 

then 

— 7—  — 7— 

=  2 

112 =  122, 

(it — 12)2 = 2/2(1 — p12) 

where p12 is the correlation coefficient, 

P12 = 1112/12. 

This means that, for 99 per cent cancellation of noise 
currents, 

(it — 12) 2 

—   now no  - 2(1 — p12) = 0.01, i2 

a zero noise figure is indicated by the correct form of 
(14). For example, if 

hx13 =  

h.712 = 7/3, 

hx23 = 7/3, 

the conditions are satisfied. 

* M. J. 0. Strutt and A. van der Ziel, "Application of velocity 
modulation tubes for reception at u.h.f. and s.h.f.," PROC. I.R.E., 
vol 36, pp. 19-24; January, 1948. 
I Formerly, Sperry Gyroscope Company, Great Neck, L. I., N. Y.; 

now, Rand Corporation, Santa Monica, Calif. 

and a value of P12=0.995 is required for the author's 
example. 

Some of the factors which tend to lower the noise 
correlation in klystron amplifiers are the following: 
1. Space-charge debunching 

2. Variation of beam coupling coefficient across the 
electron beam 

3. Partition noise 

4. The thermal velocity spread of the electrons. 
Debunching of the electron beam due to space-charge 

forces occurs to some extent in all klystron designs, and 
should be taken into account. If this effect varies across 
the electron beam, the current-density fluctuations will 
lose coherence, since those adjustments of the klystron 
gain, resonator impedance, etc., necessary to cancel 
fluctuations on the edges of the electron beam will not 
cancel those near the center, and vice versa. The de-
bunching of the beam depends on beam current and 
voltage, beam diameter and drift-tube diameter, and 
on the distance traversed down the beam axis. If the 
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beam is of large section relative to Xv/c (the "electron 
wavelength) the debunching near the center of the 
beam can be characterized by 

i22 = V(cos hx12)2 

where i12 is the mean square noise current at the en-
trance to the klystron drift tube, i22 is the mean square 
noise current at a distance x12 down the electron beam, 
and Ii is the "debunching wave number" given by 

a here 

Ii = 
1 7 3 101 / 2 

a Vo''' 

a = beam radius. 

At the edge of the beam the image charges along the 
drift tube wall almost neutralize the debunching forces, 
so that, in this case, roughly 

= 11 

thus the correlation between the total noise currents at 
positions 1 and 2 can be roughly estimated as 

(1 — cos hx12)2 
P12 1 

4 

For the amplifier cited by the authors, W can take 

X12 =  10 cm 

173 0T.N  1 
11=   (a in cm). 

a(1000)314  10a 

A reasonable value for a would be 0.5 cm. This yields 
a value of 

P12 = 1 
(1 — (cos 2) ) 

0.88. 
4 

Since, as was pointed out, a correlation coefficient of not 
less than 0.995 was needed to secure the performance 
required by the authors, the introduction of debunching 
theory brings the efficacy of the proposed klystron design 
into question. Of course, the preceding analysis of the 
effects of debunching is approximate since the de-
bunching in the center of the beam is somewhat less 
than that indicated, while there will be some debunch-
ing along the edge of the beam, especially if the beam 
diameter is much less than the drift-tube diameter. Of 
course, the beam must not he made too small or the 
drift tube too large, or the debunching will be excessive, 
the beam coupling coefficients to the resonators will be 
low, and the effective resonator shunt resistances will 
be low. This points up the conclusions to a study made 
of low-noise-klystron amplifier design at the Sperry 
Gyroscope Company. Almost anything done to im-
prove the coherence of the noise along the beam acts 
to lower the klystron gain or increase the noise figure 
before compensation, so that very little performance 

increase is obtained. A study has been made of de-
bunching, and rigorous results including the effects of 
finite beam diameter and the presence of the drift tube 
wall have been reached by E. Feenberg. From these 
results the lack of coherence due to debunching can be 
estimated, and it turns out to be less serious than the 
previous rough estimate, but sufficient to make noise 
cancellation schemes such as that proposed by Strutt 
and van der Ziel of questionable use. 

—I  s 
2 b 

7 7 4 / 171 / A i / 1 / 1  2a  

Fig. I 

An analogous effect which must be taken into ac-
count is the variation of the beam coupling coefficient 
across the electron beam. If gridless resonators are used, 
this coefficient varies as shown in Fig. 1. 

where 

cos 
sin — 
2v N o(ik'z)1 

cos  LJo(jk'b)J 
2v 

2rc 
k' = — 

Xv 

If a differential current element dl is considered and the 
equations of the klystron amplifier applied, a relation 
will be found for the minimum noise figure, and in that 
relation will appear 

141(Z1),  1.12(z2) 

and 

A3(zs), 

the beam coupling coefficients the current element ex-
periences in traversing the three gaps. In order to be 
able to cancel the noise fluctuations of all these fila-
ments with any one klystron adjustment, it is neces-
sary that the ratios 

  and   
t42(z2)  1.43(z3) 

be the same for all filaments within roughly 2 per cent 
in the example cited. This puts very stringent require-
ments on the electron beam and the resonator-gap de-
sign. Transverse thermal velocities have been estimated 
to be sufficient to invalidate this requirement for a 
typical tube. Any irregularities in the electron-gun 
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structure or space-charge beam spreading, particularly 
with nonuniform current distribution across the elec-
tron beam, will be deleterious. If fine grids are used, the 
beam coupling coefficient will be more nearly uniform 
than with gridless gaps, but will still vary enough to 
cause trouble and will introduce unwanted partition 
noise. 
There are two distinct effects which are associated 

with the interception of part of the beam current by the 
klystron grids. 

First, there is "partition noise" in the sense that, if 
the original beam had shot noise which was reduced by 
space-charge smoothing, the introduction of a grid 
intercepting current would partially nullify this smooth-
ing, so that the rms fluctuations after the grid would 
be greater than those before it. This additional noise 
would be called partition noise. If the original beam has 
full shot effect, the partition noise in this sense is 
negligible. 

Second, even though the rms noise output is not in-
creased by the addition of a grid, there will be an ele-
ment of noncoherence introduced between the noise 
fluctuations before and after the grid if current is inter-
cepted by it. It is this latter effect which is important 
in studying the low-noise-klystron problem. Consider a 
three-resonator klystron using grids as shown ih Fig.2. 
Any current interception on grids 2, 3, 4, or 5 or on the 

Fig.2 

drift-tube walls will reduce the coherence between the 
noise currents in the first and third resonators. Assum-
ing full shot-effect fluctuations on the electron beam, 
the total intercepted current must be  per cent or less 
to keep P12  above 0.995. Even if there is no current inter-
cepted by the drift-tube walls, the interception per grid 
in the above example must be less than  per cent, while 
the best figures obtained for fine grids are more like 2 
or 3 per cent. This would yield a value of /312 of roughly 
0.90. The authors' example was a klystron having a 
noise figure, before compensation, of 4,000. With the 
above figures for grid interception, this could not be 
reduced below about 400 or 26 db. Strutt and van der 
Ziel mention that intercepted noise currents affect their 
conclusions, but state that "if P is near unity . . . no 
appreciable increase of mean square output current 
fluctuations will result from these partition fluctua-
tions." This is not the important point; it is the lack of 
coherence introduced by partition currents which must 
be considered, as has been pointed out above. The au-
thors further state that "special methods of compensa-
tion may be applied, reducing these partition fluctua-

tions to a relatively negligible fraction of over-all 
mean-square output fluctuations." When these special 
methods are investigated, it turns out that there is some 
question as to whether they can be applied to velocity-
modulation tubes. They are concerned with elimination 
of the wrong effect of "partition noise." Consider the 
case shown in Fig. 3. Let the dc cathode current be 

-4 42 

J . i 

I 

I-FAI, and let the current I pass through the grids, 
while the component AI is intercepted by grid No. 2. 
If the noise current i represented only the noise fluctua-
tions of the intercepted current A/, it might perhaps 
be of some use for compensation, but of course the 
whole idea of velocity-modulation tubes at microwave 
frequencies is that the current I is closely coupled to 
the tuned circuit and i represents the fluctuations in 
both I and Z1/, and, hence, the noise fluctuations in A/ 
cannot be isolated. If this were not so, the beam coup-
ling coefficient would be identically zero, and grids Nos. 
1 and 2 might as well be removed. A further point is 
that, even if the noise fluctuations in A/ could be iso-
lated, there is a question as to where a compensating 
voltage should be applied. If the compensating voltage 
is applied to grid No. 1, a density modulation results, 
but that in turn introduces an additional noise current 
present in both resonator No. 1 and resonator No. 2, 
so that the coherence has not been improved. If the 
compensating voltage is applied to grid No. 2, a veloc-
ity modulation is produced, and one is then in the posi-
tion of trying to compensate a density fluctuation with 
a velocity fluctuation. 

The thermal distribution of forward velocity of the 
electrons leaving the cathode will cause some loss of 
correlation, as pointed out by the authors. This effect 
can be evaluated in terms of the correlation coefficient. 
Assuming full shot, effect, and neglecting space-charge 
forces in the drift tube, the correlation coefficient is 
given by 

P12 
1 

1   V  kTc)2 
YX12 — 

2  eVo 

This expression includes both the effects of thermal de-
bunching of density fluctuations and bunching of initial 
velocity fluctuations. For correlations near unity, this 
can be approximated by 

1 ( 1  2kT, 2 
P12  — 

2 2  eV° 
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and for 

lexi2 = 100, 

kTe 
— = 10-4 , 
eVo 

P12 = 1 — 1.2 X 10-5 . 

For these values, the thermal velocity spread causes 
negligible effect. This agrees with the discussion of 
Strutt and van der Ziel on this point. If a klystron am-
plifier is designed for low-noise performance by lower-
ing the beam voltage and increasing the drift-tube 
length, however, it is quite possible that the thermal 
velocity spread will have to be taken into account. In 
one such design, a value of /312= 0.95 was found. 
In conclusion, it is felt that any scheme such as that 

suggested by the authors employing noise cancellation 
demands a careful investigation of noise coherence, and 
that in particular limitations imposed by (1) space-
charge debunching, (2) variations of beam coupling 
coefficient, and (3) partition noise must be carefully in-
vestigated. The experimental investigation of noise 
cancellation made by the writer and referred to by 
Strutt and van der Ziel showed correlation coefficients 
considerably below unity (0.6 to 0.9), and it is felt that 
this result is in line with the foregoing discussion, since 
space-charge debunching and partition noise both 
existed in the klystron studied. 

Max J. Strutt2 and A. van der ZieP: Mr. Barlow' has 
discussed our paper on noise figures of the three-reson-
ator klystron, and has given an interesting contribution. 
to the question of whether the current fluctuations along 
the beam are completely coherent. 
In our paper we showed that reasonably low noise 

figures could be obtained with the three-resonator kly-
stron, if the following assumptions are valid: (1) simple 
bunching theory can be applied, and (2) complete co-
herence exists for the current fluctuations along the 
beam. The second condition was stated explicitly, and 
it follows from our calculations that the first condition 
was introduced implicitly. We shall now show that, if 
the first condition is invalid, the second condition is 
violated also. 
Simple bunching theory is not sufficient, if space-

charge debunching, transit-time debunching, or varia-
tion of beam coupling along the beam must be taken 
into account. As shown by Barlow, and as shown for 
transit-time debunching in our paper, the fluctuations 
along the beam are not completely coherent in these 
cases, so that the second assumption also does not hold. 
As our equations are valid only if the second condition 
is satisfied, it is useless to correct our equation (14) as 
was done by Barlow. For, if simple bunching theory can 

'Swiss Federal Institute of Technology, Zurich, Switzerland. 
' Physics Department, University of British Columbia, Van-

couver, B.C., Canada. 

be applied, the corrected equation is equal to our equa-
tion, whereas both equations do not hold if the first 
condition, and hence the second one, are not satisfied; 
therefore, the conclusion of zero noise figure mentioned 
by Barlow is of doubtful value. 
In one of our examples we derived a theoretical im-

provement of the noise figure by a factor of 100, and al-
though Mr. Barlow does not deny that considerable 
improvement can be obtained, he has considerable 
doubt whether an improvement by a factor of 100 is 
possible. Although we consider Mr. Barlow's discussion 
very valuable, it still does not give a sufficiently clear 
indication, of what will be the lowest limit that can be 
obtained for the noise figure. 
In general, we agree with the way in which Mr. Bar-

low discusses the influence of space-charge debunching 
and of variation of beam coupling. We think, however, 
that he overestimates the influence of partition noise. 
Mr. Barlow mentions that the partition noise due to 
the current flowing to the grids G2, G31 G4, and G5 (and 
to the wall of the drift tube) has to be taken into ac-
count. We shall now show, that only the currents to the 
grids G2 and G3 contribute appreciably to the noise 

figure. 
In order to do so, we turn to equation (19) of our 

paper. After (13) and (16), this holds under the condi-

tions that 

(S23R8)2 >> 1;  C2 = 0. 

Under these conditions, we have, for CI, 

1  1 
= 

X I S12 
; or, since Z1 = 

1 — j.512Zi = 0. 

We obtain (19) also if we introduce this relation into 
(10). For, bearing in mind that Si3=512+S23, we have, 
after (10) and (16), 

1 — 
S121 

No   = No    
jS23Z2 1  S122R,2 

which is the same as equation (19). 
This gives the following simple picture of our noise-

reducing circuit: The noise figure of a normal klystron 
amplifier is due to the noise voltage induced in the input 
circuit by the beam current. In order to improve the 
noise factor, this voltage must be reduced. This is done 
with our precircuit, and, after (5), the noise voltage 
across the input circuit is just equal to zero if the condi-
tion (1 —jSi2Z1) =0 is satisfied. If .3120S2a, the condition 
for minimum noise is slightly different from the condi-
tion of zero noise voltage across the input circuit, but at 
any rate the major part of the noise reduction is still 
obtained. 
Therefore, it is not very important if some current 

flows to the grids GI, G4, G5, or G5, because that hardly 

T NmI n = 

s13 2 

1 
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increases t he noise voltage across the input circuit, Ch-

pecially it the beani current is saturated. The currents 
flowing to the electrodes GI and G3 are the only ones 
which have to be taken into account, because these in 
rents give rise to partition noise which is uncorrel.itc.1 
to the noise voltage induced in the precircuit, and hen, c 
this partition noise will induce a noise voltage in the in 
put circuit, which cannot be compensated by the pre-
circuit. The best solution would be to cut down the 
currents to the electrodes 2 and 3 as much as possible. 
In discussing partition noise in velocity-modulated 

tubes at microwave frequencies, two facts have to lw 
borne in mind: 
1. The beltni current is closely coupled to the tuned 
circuits. 

2. The beam current only contains partition noise due 
to the current flowing to a grid, after the beam 
has passed that grid. 

If, for example, II is the beam current before grid G2 
is passed and /2 the beam current after G2 is passed, then 
the noise current flowing through the circuit between 
grids 1 and 2 does not contain the partition noise gen-
erated by the current to G2, at any rate not if the circuit 
is of the cavity type. This point is not made sufficiently 

clear by Nlr. 11,11 low. It i liiI tilt indeed to a 
circuit %%hi( Ii t 441i11114•11 ,.11c , IIH•  pal 11114411  imist• dor to 

t 11114 -111:, 1144‘k int; 144 G.: .11111 (,y; (11c lics1 %%At' •1, 144 

(hitt 11 ii Il''l 1 11114'111 , III .1 14)11  \ .1111c. 

It) Irc shill W 011.11 %1111Ic III olit 111 ,14)11, ttt•  '11 

\ c.,1 64,i1 c  \% 11.11  Ili('  1/( P  will be for the.̀lilfil . 

111  till' .11111\  I ill lull , A1(114)11 01 tlVt• admit that 
NI L 'Lit  indium ion  !hat  

this lowest lutuuI iiuight still he too high. 
Hot rytm it this were the ase, the t ircuit might  ill 

be applied to the traveling-wave tube. Measurement-
giVell  Koempfner indii ate that the noise figure of a 

traveling-wave tube is much lower than for a klvstron 

w e amplifier. For the traveling-wave tube, the noise  ill b 
chiefly due to the noise induced by the electron beam 

into the beginning of the helix. lly using a precircuit, 
the noise figure might easily be decreased to such a low 

value that it becomes lower than the noise of a crystal 
mixer. ( hie of the advantages of the traveling-wave 
tube, the very wide-band amplification, would have to 
be sacrificed, in that case; but the low noise figure would 
still make it valuable. It would seem worth while to try 
the circuit described in our paper in this application as 
well. 
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Haverhill, Mass., on April 30, 1921. He 
received the B.S. degree in 1942 and the 

M.S. degree in 1943 
from Carnegie Insti-
tute of Technology, 
both in electrical en-
gineering. He entered 
the U. S. Navy in 
1944 and served un-
til  August,  1946. 
While in the Navy 
he was an instructor 
at the U. S. Naval 
Academy at Annap-
olis, after returning 
from a tour of sea 

duty on the USS Gardiners Bay, AVP-39. 
Leaving active duty with the rank of lieu-
tenant (junior grade), he returned to Car-
negie Institute in September, 1946, and re-
ceived the D.Sc. in electrical engineering in 
1948. Dr. Fishman is a member of Sigma Xi 
and the American Institute of Electrical 
Engineers. 

1\4AX FISHMAN 

G. R. Harris was born in Pueblo, Colo., 
on March 31, 1907. He was graduated from 
Carnegie Institute of Technology in 1927 

with the B.S. degree 
in electrical engineer-
ing, after which he 

a was employed by the 
Bell Telephone Lab-
oratories,  Inc.  In 
1932 he became asso-
ciated with Jones and 
Laughlin Steel Cor-
poration, Pittsburgh, 
Pa., serving in vari-
ous technical capa-
cities. At present he 
is a patent attorney 

G. R. HARRIS 

Robert A. Helliwell (S'41—A'45) was born 
in Red Wing, Minn., on September 2, 1920. 
He received the degrees of A.B. in 1942 

A.M. in 1943, E.E. 
in 1944, and Ph.D. 
in 1948, all from 
Stanford University. 
Since 1942, Dr. 

Helliwell has been on 
the staff of the de-
partment of electri-
cal  engineering  of 
Stanford University 
where he now holds 
the position of acting 
assistant  professor. 
In addition to teach-

ing, he has been engaged in government-
sponsored ionosphere research carried out 
in co-operation with the National Bureau 
of Standards. During the war he worked on 
a study of the correlation of direction-finder 
errors with ionospheric conditions. 
Dr. Helliwell is a member of Phi Beta 

Kappa, Sigma Xi, Tau Beta Pi, and Com-
mission 3 of the URSI. 

4,* 

Arnold R. Moore was born in New York, 
N. Y., on January 14, 1923. He received the 
B.S. degree in chemistry in 1942 from the 

Polytechnic Institute 
of Brooklyn. From 
1942 to 1945, and 
again during the sum-
mer of 1941, he was a 
research and develop-
ment engineer at the 
Lancaster, Pa., Labo-
ratory of the RCA 
Victor Division, Ra-
dio Corporation of 
America. 
In 1945 Mr. Moore 

enrolled at Cornell 
University to work toward the Ph.D. degree 
in physics. While at Cornell he has been 
successively a teaching assistant, research 
assistant, and RCA Fellow in electronics. 
He is a member of Phi Kappa Phi, Sigma Xi, 
and the American Physical Society. 

ARNOLD R. MOORE 

for that corporation, having been graduated 
from Duquesne University Law School in 
1941. 

R. A. HELLIWELL 

its 

For photographs and biographies of 
K. SPANGF.NEF.RG,  G.  WALTF.RS,  and 
F. SCHOTT, see page 780 of the July, 1949, 
issue of the  NGS OF THE LICE. 
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Winston E. Kock (SM'45) was born at 
Cincinnati, Ohio, on December 5, 1909. He 
received the E.E. and M.S. degrees at the 

University of Cin-
cinnati in 1932 and 
1933,  respectively, 
followed  by  the 
Ph.D. degree in 1934 
from the University 
of Berlin. After a 
year  as  Teaching 
Fellow at the Uni-
versity of Cincinnati, 
he continued gradu-
ate study at The In-
stitute for Advanced 
Study at Princeton, 

and at the Indian Institute of Science in Ban-
galore, India. Following several years as Di-
rector of Electronic Research at the Baldwin 
Piano Company, he joined the Radio Re-
search Department of the Bell Telephone 
Laboratories at Holmdel, N. J., in 1942, 
where he first engaged in microwave radar 
antenna research, and later conducted re-
search on lens antennas for radio relay cir-
cuits. In January, 1948, he entered the 
transmission research department of the 
Bell Laboratories at Murray Hill, N. J., as 
research engineer in charge of acoustics. 
Dr. Kock is a Fellow of the American 

Physical Society, a Fellow of the Acoustical 
Society, and a member of Tau Beta Pi, Eta 
Kappa Nu, and Sigma Xi. 

Robert  F.  Shaw  (S'35-A'43-M'45-
SM'47) was born at Warsaw, Ohio, on July 
10, 1915. He received the A.B. degree in 

physics from Prince-
': ton  University  in 

1937, after which he 
did graduate work in 
electrical  engineer-
ing at the Moore 
School of the Uni-
versity of Pennsyl-
vania.  He  taught 
radio theory for the 
U.S. Navy in 1942 
and 1943, and in the 
latter year he re-
turned to the Moore 

School as a research engineer connected 
with the development of the ENIAC (elec-
tronic numerical integrator and computer). 
He remained there until completion of the 
project, and carried out preliminary logical 
design work on the EDVAC (electronic 
discrete variable computer). 
In 1946, Mr. Shaw joined the staff of 

the Electronic Computer Project at the 
Institute for Advanced Study, and later 
that year became a member of the Elec-
tronic Control Company, now known as the 
Eckert-Mauchly  Computer Corporation. 

ROBERT F. SHAW 

Contributors to the Proceedings of the I.R.E. 

WINSTON E. KOCK 

His work has been concerned mainly with 
logical design of computers and associated 
equipment. 
Mr. Shaw is a member of the American 

Association for the Advancement of Sci-
ence, the Association for Computing Ma-
chinery, the Franklin Institute, and Sigma 
Xi. 

C. Bradford Sheppard (S'40-A'44-M'45) 
was born in Camden, N. J., on October 25, 
1918. He received the B.S. degree in elec-

trical engineering in 
1941 from the Uni-
versity of Pennsyl-
vania, at which time 
he was awarded a fel-
lowship at that Uni-
versity. He obtained 
the master's degree 
in electrical engineer-
ing in 1942, during 
which year he did 
part-time teaching in 
in EMSDT courses, 
and worked on a 

Government-sponsored project on antenna 
field patterns at the University of Pennsyl-
vania. From 1942 to 1946 he was employed 
by Hazeltine Electronics Corp., first in their 
antenna design group, and later on test 
equipment for the Mark V IFF System. In 
1946 he returned to the Moore School as a 
research associate to work on the EDVAC 
electronic computer. 
Mr. Sheppard left the University of 

Pennsylvania in 1947 to join the then newly 
formed Electronic Control Company, cur-
rently  known as  the  Eckert-Nlauchl) 
Computer Corp. Here he has worked on 
acoustic delay and electrostatic storage 
memory devices, and other electronic com-
puting equipment. He is a member of the 
American Physical Society, the Association 
for Computing Machinery, and the Ameri-
can Association for the Advancement of 
Science. 

C. B. SHEPPARD 

D. W. Ver Planck was born at Swamp-
scott, Mass., on January 29, 1906. He re-
ceived the B.S. and M.S. degrees in electrical 
engineering in 1928 and 1929, respectively, 
from the Massachusetts Institute of Tech-
nology. From 1929 until 1936 he was em-
ployed by the General Electric Company. 
In 1936 he became assistant professor of 
electrical engineering at Yale University, 
where he earned the degree of doctor of en-
gineering in 1940, his research being on 
spark discharges in air. From 1940 until 
1942, Dr. Ver Planck was engaged in the 
development of degaussing of ships at the 
Naval Ordnance Laboratory in Washing-

ton, D. C. From 1942 until 1946 he was an 
officer in the Naval Reserve in charge of de-
gaussing in the Navy Bureau of Ordnance. 
He became professor of electrical engineer-
ing at Carnegie Institute of Technology in 
1946, and continued in that capacity until 

until 1947, when he 
was  made  George 
Tallman Ladd Pro-
fessor of Engineering 
and head of the de-
partment of mechan-
ical engineering. 
Dr. Ver Planck is 

a member of the 
American  Institute 
of Electrical Engi-
neers, the American 
Society of Mechani-
cal  Engineers,  the 

American Society for Engineering Educa-
tion, and Sigma Xi. For his work in the 
Navy he was awarded the Navy Distin-
guished Civilian Service Award and the 
Navy Commendation Ribbon, and was also 
made an Honorary Member of the Order of 
British Empire (Military Division). 

D. W. VER PLANCK 

Everard M. Williams (S'36-A'41-SM'44) 
was born in New Haven, Conn., in 1915. He 
received the B.E. degree in 1936 and the 

Ph.D. degree in 1939, 
both from Yale Uni-
versity. During the 
summer of 1937 he 
was  employed  by 
the General Electric 
Company, and dur-
ing  the  academic 
year 1938 and 1939, 
he was the recipient 
of a Charles A. Cof-
fin Fellowship from 
this company. From 
1939 to 1942, he was 

an instructor in electrical engineering at the 
Pennsylvania State College. From 1942 to -NI 
1945, he served as chief engineer of the de-
velopment branch, Special Projects Labora-
tory, Radio and Radar Subdivision, ATSC, 
Wright Field, Ohio. He subsequently re-
ceived the President's Certificate of Merit 
for outstanding service in this post. 
In 1945, Dr. Williams was appointed 

associate professor of electrical engineering 
at the Carnegie Institute of Technology, in 
Pittsburgh, Pa., where he is now a profes-
sor. He is also serving as expert consultant 
to the Research and Development Board of 
the National Military Establishment. 
Dr. Williams was the recipient of the 

1946 Eta Kappa Nu award. During 1947-
1948 he served as Chairman of the IRE 
Pittsburgh Section. 

E. M. 1,VILLIAMS 
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Institute News and Radio Notes 

TECHNICAL COMMITTEE NOTES 

The Standards Committee met on June 
1). under the chairman shipof J. G. Brainerd. 
1 he following Standards material was acted 
upon: (a) Additional definitions submitted 
by the Electron Tubes and Solid State De-
vices Committee were approved; (b) The 
proposed standards of the Piezoelectric 
Crystals Committee were approved and will 
be published shortly; (c) Material submitted 
by the Radio Receivers Committee "Tests 
for Effects of Nlistuning and Downward 
Modulation" was approved; and (d) The 
Standards Committee approved its subcom-
mittee material on the numbering and index- • 
ing of standards. Technical committees and 
subcommittees will also be identified by 
numbers under the pronosed system. A sub-
committee of this committee is studying the 
question of the most economical and thor-
ough method of circulating IRE Standards 
to assure the widest distribution. The Stand-
ards Committee is reviewing the scope of 
twenty-three technical committees. . . . The 
Antennas and Wave Guide Committee held 
a meeting on May 17, Chairman L C. Van 
Atta presiding. Dr. Van Atta recommended 
the formation of two subcommittees to ex-
pedite the work of the Main committee, in 
the preparation of the definitions of terms. 
L. J. Chu was appointed Chairman of the 
Subcommittee on Antennas, and A. G. Fox 
was made Chairman of the Subcommittee on 
‘Vave Guides. . . . A meeting of the Electron 
Tubes and Solid State Devices Committee 
was held on June 2 at which it was decided to 
submit Power Output High Vacuum Tube 
Definitions and Small High Vacuum Tube 
Definitions material to the Standards Com-
mittee for approval. . . . The Navigation 
Aids Committee, meeting on June 7, is work-
ing on definitions of Pulse Systems, under 
Henri Busignies, Chairman. The following 
tasks have been assigned: classification of 
electronic methods of navigation system us; 
presentation of accuracy data; concept of 
reading time to radio navigation systems; 
and coverage of air navigation systems. . . . 
The Piezoelectric Crystals Cotrmittee met 
on May 9. Work on "Proposed Standards 
on Piezoelectric Crystals" having been com-
pleted this material has been submitted to 
the Standards Committee for approval. . . 
On June 8 the Video Techniques Committee 
held a meeting, at which the following sub-
committees reported on the status of their 
work: Subcommittee V-1, Definitions and 
Symbols of Video Terms, R. H. Daugherty, 
Jr., Chairman; Subcommittee V-2, Utiliza-
tion, Including Video Recording; Methods 
of Measurement and Test, R. L. Garman. 
Chairman; Subcommittee V-3, Video Sys-
tems and Components, Methods of Meas-
urement and Test, W. J. Poch, Chairman; 
Subcommittee V-4, Video Signal Transmis-

RR. sion, Methods of Measurement and Test, 
L. W. Morrison, Chairman. . . . Professional 
Group Chairmen and Sponsors met on May 
9 at Syracuse, N. Y., where reports were 
given from three of the six organized Groups, 
there being no representative present from 

the Circuit Theory, Audio, or Vehicular and 
Railroad Radio Communications Groups. 
Planning reports were presented by sponsors 
of potential Groups. A progress report on the 
Quality Control Group was made by Jerome 
Steen and R. F. Rottman, and Virgil Graham 
reported for the potential Electron Tube 
Group. The name of the Broadcast Engineers 
Group was changed to the IRE Professional 
Group for Broadcast Transmission Systems, 
which will include AM, FM, television, 
facsimile, and the like. 0. W. Towner is the 
Chairman of this Group. . . . On June 7 the 
Joint Symposium Planning Group of the 
IRE/AIEE held its initial meeting at IRE 
headquarter:- to formulate the plans for the 
1949 Nucleonics Symposium, tentatively 
scheduled for October 31, and November 1 
and 2, at the Hotel Commodore, in New 
York City. Hamner Selvidge was appointed 
Chairman of the joint Symposium Planning 
Group. representing the IRE. Other mem-
bers are R. L. Butenhoff, IRE; W. A. 
Geohegan, AIEE; and G. W. Dunlap, 
AIEE. Plans were discussed on the basis 
of a three-day symposium. The tentative 
progran is as follows: First Day, Electronic 
Aids to Medicine; Second Day, Nucleonics 
and Biological Tolerances; Third Day, 
Nucleonics and Industry. Final plans will be 
announced at a later date. 

NEWFOUNDLAND ADDED TO 
MONTREAL SECTION 
Because Newfoundland has become a 

part of the Dominion of Canada, the tern-

Calendar of 

COMING EVENTS 

Summer Seminar, Emporium Sec-
tion, IRE, Emporium, Pa., August 
19-20 

AIEE Pacific General Meeting, San 
Francisco, Calif., August 23-26 

1949 IRE West Coast Convention, 
San Francisco, Calif., August 30-
September 2 

1949 National Electronics Confer-
ence, Chicago, Ill., September 26-
28 

National Radio Exhibition, Olympia, 
London, England, September 28 
to October 28 

AIEE Midwest General Meeting, 
Cincinnati, Ohio, October 17-21 

Radio Fall Meeting, Syracuse, N. Y., 
October 31, November 1-2 

1949 Nucleonics Symposium, New 
York City, October 31, November 
1-2 

IRE-URSI Fall Meeting, Washing-
ton, D. C., October 31, November 
1-2 

1950 IRE National Convention, New 
York, N. Y., March 6-9 

tory of Newfoundland and the IRE members 
residing therein have been added to the 
Montreal Section of The Institute of Radio 
Engineers. 

DAYTON SECTION TELEVISION 
LECTURE SERIES 
To make available recent engineering 

knowledge of television, the Dayton Section 
of the IRE last winter conducted a program 
of television lectures, beginning on January 
31, and continuing every Monday until com-
pletion, except for the week of the National 
IRE Convention. The subjects and lecturers 
for the series were as follows: "Picture Qual-
ity," by Madison Cawein, Television Con-
sultant; "Pickup, and Transmitting Equip-
ment,"  by  Howard  Lepple,  Crosley 
Broadcasting Corp.; "Interconnecting Fa-
cilities," by L. W. Morrison, Bell Telephone 
Laboratories;  "Receiving Antenna and 
Distribution Systems," by Andrew Alford, 
Consultant; "Receivers," by H. R. Shaw, 
Colonial Radio Corp.; and "Future Trends," 
by Joshua Sieger, Freed Radio Corp. 

IRE MENTIONED IN REPORT ON 
"SCIENTIFIC MANPOWER" 

The Annual Report on "Scientific Man-
power" submitted by the Secretary of the 
Army to the Secretary of Defense, and cov-
ering the period July 1, 1947 to November, 
30, 1948, mentions six professional societies 
as having agreed to participate in a plan 
whereby their committees wi!I give advice 
and assistance to the Department of the 
Army in the fields unique to the societies 
which the committees represent. Of these six 
professional societies, The Institute of Radio 
Engineers is the only one representing elec-
tronics or electrical engineering. 

IRE TO HOLD TENTH ANNUAL 
SEMINAR AT EMPORIUM 
The tenth annual summer seminar of the 

Emporium Section of The Institute of Radio 
Engineers will be held on August 19 and 20, 
Roger W. Slinkman, Chairman of the Em-
porium  Section,  announced  recently. 
Speakers on Friday, August 19, will include 
H. G. Clavier, who will discuss carrier 
power requirements for long-distance com-
munications by microwaves; and Allen A. 
Barco, whose subject will be problems of 
television deflection and high voltage sup-
plies. On Saturday, August 20, Michael 
Landis will speak on modern orthicon 
camera chain in television; and Gerrard 
Mountjoy and Henry Appel will discuss 
design features for a new television receiver. 
Following the technical sessions on Sat-

urday morning, the seminar committee will 
sponsor a picnic at Erskine's Grove to which 
the public will be invited. George Brunner 
is Chairman of the Seminar Committee. 
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Joint Technical Advisory Committee 

Summary of Activity— October, 194_8 to May, 1949 

On October 1, 1948, the Chairman of 
JTAC, Philip F. Siling, wrote to the Chair-
man of the FCC, Wayne Coy, offering the 
assistance of JTAC in obtaining further in-
formation and data pertinent to the use of 
the uhf spectrum for television, or other 
pressing problems. Mr. Coy's reply, dated 
October 28, referred to the agenda for the 
FCC Engineering Conference on VHF Tele-
vision and FM to be held November 30, 
1948, and requested the assistance of JTAC 
concerning vhf propagation, antennas, co-
channel and adjacent-channel interference 
protection ratios, signal levels required for 
satisfactory service, and power generation 
capabilities of transmitters. 
In response to this request the JTAC pre-

pared, and offered as evidence at the Engi-
neering Conference, Volume II of the J TAC 
Proceedings, entitled "Allocation Standards 
for VHF Television and FM Broadcasting," 
dated December, 1948. In this report JTAC 
stated the industry findings on apparatus 
capabilities but declined to approve or dis-
approve the FCC T.I.D. reports on vhf 
propagation, inasmuch as time was not avail-
able for the IRE Wave Propagation Com-
mittee to review the substantiating data, the 
methods of using these data, and to give 
JTAC its expert opinion. The T.I.D. reports 
were referred by the FCC to the FCC Ad 
Hoc Committee (on VHF Propagation for 
Television and FM Broadcasting). JTAC 
offered, at the Conference, to review the 
findings of the Ad Hoc Committee when 
available. 
The following Table, taken from JTAC 

Proceedings Volume II, summarizes the al-
location standards recommended by JTAC 
to the FCC. 

On December 16, Mr. Siling informed 
Mr. Coy of the desire of JTAC to assist the 
commission further in these or other mat-
ters. In reply Mr. Coy wrote JTAC under 
date of December 28, 1948, suggesting the 
following studies be made: 
' (1) A study of the number of uhf televi-
sion channels needed to supplement the vhf 
channels to provide a sound, competitive 
national allocation. 
(2) A study of the place of color televi-

sion in the uhf spectrum.. 
(3) Further study of phase-synchroniza-

tion of television picture carriers, including 
possible application to uhf monochrome and 
color transmissions. 
(4) Further study of receiver characteris-

tics, particularly adjacent-channel selectiv-
ity, oscillator radiation, choice of a standard 
intermediate frequency and its effect on 
channel assignments. 

(5) Re-examination of uhf transmitter 
power-output capabilities. 
(6) Preparation of a plan for obtaining 

more extensive knowledge of propagation on 
frequencigs between 475 and 890 Mc. 
On February 18, JTAC replied in a letter 

addressed to Mr. Coy, expressing the follow-
ing conclusions: 

JTAC declined to define the number 
of television stations required in each 
metropolitan center for national com-
petitive system, on the ground that this 
was not a q lestion within its province. 
However, JTAC indicated the range of 
values which this number might take, 
based on limitations of channel space  • 
within the 475-890-Mc band. The mini-
mum number of stations in each metro-
politan center was taken as 2 (since 1 
station suffers no competition) and the 

RECOMMENDED ALLOCATION STANDARDS 

Service Signal 
Strength 

Co-channel 
protection 

1st Adjacent 
channel 
protection 

2nd Adjacent 
channel 
protection 

Suburban 
—Rural TV 

Urban TV 

Rural FM 

Urban FM 

500 AV/M 
(see note) 

5000 mvi'm 

25 pvirn 

40 db 
25 db* 

40 db 

10 db 

10 db 

0 d b** 
6 d b*** 

o db** 

—16 db 

—16 db 

* Tentative value when co-channel carriers are phase-synchronized. 
** Upper adjacent channel. 
*** Lower adjacent channel. 

In Volume II, the JTAC took note of the 
technique of phase-synchronization of tele-
vision picture transmitters, recommending 
that this technique be taken into account in 
allocations planning and that further study 
of it be undertaken. An improvement in co-
channel interference of 15 db was mentioned 
as the best estimate (class-C reliability) then 
available on the benefit of carrier synchroni-
zation. 

—40 dl) 

—40 db 

• 
maximum was taken as 5 (since 6 or 
more could not be accommodated in the 
space in the uhf spectrum reserved for 
television broadcasting). The following 
table, taken from the letter, shows the 
number of uhf channels required for a 
minimum number of stations of 2, 3, 4 
and 5 per metropolitan centers, under 
the condition that the co-channel sepa-
ration between stations is 150 miles for 
synchronized and 210 miles for non-

synchronized stations. The adjacent-
channel separations are 75 miles and 
105 miles, respectively. 

Allocation Plan No. 1 
(Employing phase synchronization on VHF only 

2 Sias.  3 Sias.  4 Star.  5 Star. 
Min.  Min.  Min.  Min. 
23  35  54  65 
(46)  (34)  (15)  (4) 

Allocation Plan No. 2 

(Employing phase synchronization on V11F and I 'H F) 
2 Slat.  3 Sias.  4 Stas  5 Stas. 
Min.  Min.  M n,  Min. 
18  27  40  52 
52)  (42)  (29)  (17) 

There are 69 6-Mc channels available be-
tween 475 and 890 Mc. 
The figures in parentheses indicate the 

number of 6-Mc uhf channels which would 
remain for experimentation with other sys-
tems of television. JTAC expressed the opin-
ion that it was not practical to assign vhf 
channels only to primary cities and uhf chan-
nels only to secondary cities. 
Regarding color television, JTAC urged 

that experimentation with color television 
be actively encouraged, and recommended 
that adequate space be set aside above 900 
Mc and below 6,000 Mc for this purpose. It 
was recommended that no bandwidth re-
striction be placed on experimental color 
television transmission for the present, until 
the relative importance of color and detail 
in the total value of a television picture can 
be determined. 
Regarding phase-synchronization of pic-

ture carriers, the 15-db figure of improve-
ment was reiterated and its reliability raised 
from class C to class B. 
The opinion was expressed that, in the-

ory at least, this technique could be applied 
to uhf transmitters, but the figure of im-
provement could not be stated pending ac-
tual tests. 

The other items listed in Mr. Coy's letter 
of December 28 were stated as being under 
study. It was recommended that a program 
of uhf propagation studies be set up, under 
government auspices if possible. 
On February 17, 1949, E. W. Allen, Jr. of 

the FCC wrote to Mr. Siling pointing out an 'N 
apparent inconsistency in the field strengths 
for satisfactory service cited in JTAC Pro-
ceedings Volumes I and II. Under date of 
April 18, JTAC replied, stating that the 
field strength cited in Volume I were too low 
by a factor of 2, since the attenuation due to 
the vestigial sideband characteristic of the 
receiver had not been taken into account. 
'Ffie field strength figures in Volume II were 
reaffirmed 

Following the receipt of Mr. COV'S letter 
of December 28, JTAC circulated a ques-
tionnaire to the IRE and RNIA Television 
Systems Committees, concerning the suita-
bility of the vhf television system standards 
for use in the uhf service. The replies to this 
questionnaire were summarized and trans-
mitted to Mr. Coy under date of April 4. A 
large majority of the eplies stated that the 
vhf standards were applicable without 



I Institute News and Radio Notes  905 1949 

change, while a small number stated that 
certain tolerances on carrier frequencies and 
levels should be examined and changes in-
troduced for vhf as well as uhf transmissions. 
The opinion was also expressed by several of 
the respondents that a portion of the uhf 
spectrum should be reserved for experimen-
tation with color and high-definition mono-
chrome systems. 
Under date of April 4 a letter was sent by 

JTAC to Mr. Coy commenting on the possi-
sible use of frequency modulation for the 
picture transmissions. Previous experiments 
with this type of transmission were men-
tioned, and the difficulties encountered from 
multipath  transmission were described. 
JTAC suggested that any plan to consider 
using frequency modulation for picture trans-
missions should be preceded by a compre-
hensive field test under normal conditions of 
u multipath transmission. JTAC questioned 
I) whether, in view of the present state of 
11 knowledge on this subject, the time, effort 
and expense of such a field test would be 
justified. 
Under date of March 30, the JTAC Sec-

retary, L. G. Cumming, transmitted to Mr. 
Coy copies of replies to a questionnaire cir-
culated by JTAC among manufacturers of 
transmitting tubes and equipment, indicat-
ing the amount of power which might be 
developed at various frequencies, at that 
present time, and what increases might be 
expected in the future. 
On March 22, Mr. goy sent a letter to 

JTAC raising further questions relating to 
his letter of December 28 and JTAC's reply 
I of February 18. The questions included: 

(1) The preferable arrangement and po-
sition of uhf channels within the 474-890 
meter band, i.e. as a contiguous block, or 
interspersed with other assignments. 
(2) The justification for assuming a 

smaller adjacent channel separation for 
synchronized operation than for nonsyn-
chronized operation. 
(3) The effect of terrain on propagation. 
(4) The absolute values of signal-to-in-

terference ratios which give satisfactory 
service, with and without synchronization. 
(5) Characteristics of receivers, particu-

larly adjacent-channel interference ratio, 
acceptable signal-to-rms-noise ratio and its 
relation to signal-to-interference ratio, and 
noise measurements of commercially availa-
ble receivers. 
Under date of May 22, JTAC replied to 

Mr. Coy, recommending that uhf channels 
be assigned in a single block beginning at 
the lower end of the 475- to 890-Mc band. The 
difficulty of providing against adjacent chan-
nel interference was admitted. It was stated 
that considerable improvement in adjacent 
channel selectivity could be achieved in re-
ceivers, at some increase in cost. rrAc of-
fered to secure the absolute values of 
signal-to-interference ratios requested, but 
recommended against any delay in proceed-
ing with the allocation while these data were 
being collected. The off-set system (carriers 
separated about 10,500 cps) of reducing 
co-channel interference was mentioned as 
,ffering a degree of improvement somewhat 
superior to that of phase synchronization, 
with less apparatus complexity. JTAC of-
fered to keep the FCC advised of progress 
with this system. Noise figures of 12 to 13 

db were reaffirmed as typical of properly 
adjusted receivers of the present date, but 
an additional tolerance of 3 to 5 db was sug-
gested to take account of production varia-
tions. The choice of a standard intermediate 
Frequency, with concomitant arrangement of 
channels to reduce oscillator radiation and 
image interference, was endorsed, and it was 
stated that the RMA Television Receiver 
Committee was being asked to recommend 
a standard value. 

PROFESSIONAL GROUPS GIVEN 
NOMINATING PRIVILEGE 

Professional Groups now have the op-
portunity of nominating the Chairman of 
the subcommittee of the Papers Procure-
, ment Committee which is concerned with 
that Group's field. They may also nominate 
interested and competent men in their fields 
as members of the Papers Review Commit-
tee and the Board of Editors, all such nomi-
nations being subject to acceptance by the 
Chairman of the Committee concerned, the 
Editor, and the Executive Committee. 

JTAC OFFICERS ANNOUNCED 

The Boards of Directors of the IRE and 
1( NIA have appointed Donald G. Fink to 
serve as Chairman of the Joint Technical 
Advisory Committee during the period from 
July 1, 1949, to June 30, 1950; and J. V. L. 
Hogan to serve as Vice-Chairman for the 
same period. The JTAC announced that 
L. G. Cumming will continue to serve as 
Secretary. 

EJC PLANS FILE OF KEY 
ENGINEERING PERSONNEL 

To provide source material for a Who's 
Who in engineering research, development, 
and other scientific operations for use by the 
National Military Establishment, the Engi-
neers Joint Council, acting through The 
American Society of Mechanical Engineers, 
has accepted the task of providing the Office 
of Naval Research with the names, addres-
ses, ages, and details of professional and sci-
entific qualifications of 100,000 key engi-
neers in all branches of American engineer-
ing. 
The source file of key engineering person-

nel thus obtained will provide a valuable tool 
for solving a variety of technical personnel 
problems. Its use will diminish disturbances 
of the national economy, organization of in-
dustry, and the personal welfare of engi-
neers, and provide a means by which national 
resources of technical personnel can be ascer-
tained. The file will also point up weak spots 
which should be strengthened by education, 
training, and other means. As a national as-
set the body of facts will be available to pri-
vate industrial, educational, and profes-
sional-society planning groups, and for other 
legitimate purposes. 
A four-page questionnaire will soon be 

mailed to 100,000 engineers holding the 

grade of member or higher in 18 national 
professional engineering societies. The re-
turns will be collected by the ASME and 
turned over to the Office of Naval Research 
of the National Military Establishment for 
classification. 
The project is the result of a conference 

held in Washington, D. C. last fall, attended 
by EJC representatives and many other en-
gineering agencies, at which was discussed 
the need for a list of 25,000 key engineers 
working in research, development, and other 
scientific projects who could be called in on a 
full or part-time basis to work on the broad 
scientific programs of the National Military 
Establishment. The task of collecting per-
sonal and professional data fell to the EJC as 
the largest joint agency of the engineering 
profession. The Engineers Joint Council 
points out that this will not be just another 
questionnaire, but one sent to engineers se-
lected from the upper echelon of the profes-
sion. The data sought are not intended for 
general government use, but will go directly 
to the engineering agencies of the National 
Military Establishment. As the question-
naire will provide the key to opportunity to 
professional and patriotic service, engineers 
selected to receive it are urged to give it seri-
ous attention, and to answer all questions 
fully. The Institute of Radio Engineers is 
co-operating in this project, and asks its 
membership to assist in every possible man-
ner. 

TELEVISION TO BE GOVERNMENT 
MONOPOLY IN AUSTRALIA 

Australia will have television in two 
years, Prime Minister J. B. Chifley an-
nounced recently. Run as a government 
monopoly, television stations will be built 
in six Australian capital cities—Brisbane, 
Sydney, Melbourne, Adelaide, Perth, and 
Hobart. It was also disclosed that each pic-
ture will be produced by 625 closely spaced 
horizontal lines, and compared with 405 lines 
used by Britain, and 525 in the United 
States. It was stated that the use of a 
greater number of lines should ensure a bet-
ter image than is now available under either 
the British or American system. 

PRESS SWITCHING CENTER 
AIDS FOREIGN COUNCIL MEETING 

A new press switching center at New 
York and special direct cable facilities that 
have been set up in Paris are working to-
gether to provide fast and efficient communi-
cations to the government and press repre-
sentatives attending the Council of Foreign 
Ministers meeting, it was announced re-
cently. One of the special facilities is an 
exclusive Western Union office, established 
adjacent to the American delegation confer-
ence room in the Hotel Crillon, which flashes 
thousands of words to the new press switch-
ing center in New York. The stories arrive in 
New York in the form of perforated tape, 
and are sent through automatic transmitters 
over direct circuits to press services and 
newspapers throughout the United States. 
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NATIONAL RADIOTELEPHONE 
NETWORK FORMED 

The formation of the first national net-
work of independent radiotelephone stations 
for mobile service to the general public was 
annt unced recently in a statement filed with 
the Federal Communications Commission in 
behalf of the National Mobile Radio System. 
The new system will offer a practical and un-
precedentedly low-cost means of communi-
cation between occupants of automobiles, 
trucks, buses, and other vehicles with offices 
or homes hundreds of miles distant. The net-
work also has important potentialities as an 
auxiliary communications system in event of 
national emergency. By August, the facili-
ties will be in operation between Boston and 
Washington, and will gradually be extended 
to encompass all member stations. 
The system differs from the mobile radio 

service offered by telephone companies in 
that brief messages or conversation are re-
layed back and forth through the intermedi-
ary of a station operator, who receives them 
by telephone from one end and relays them 
by radio to the other, or vice versa. Although 
the new system started with stations on the 
Eastern seaboard, others in the South and 
West have joined or have indicated desire to 
affiliate. It is anticipated that by 1950 at 
least 100 stations will be active in the net-
work. 

RADIOCOMMUNICATION INSTITUTE 
ESTABLISHED IN ARGENTINA 

The Institut° de Radiocomunicaciones, 
established last fall at the National Univer-
sity of Tucuman in Argentina, recently an-
nounced theappointment of Daniel Eduardo 
Frias (M'48) as organizer and director. In 
September, 1948, the Board of Trustees ap-
proved curricula for the training of telecom-
munication engineers, radio technicians, 
radio fitters, and radio operators. The fol-
lowing departments have also been formed: 
ultra-high frequency technique, supersonic 
and hydrophonic waves, air navigation ra-
dio, television, radio broadcasting, applied 
electronics with tubes used in radio com-
munication, and a measuring laboratory. 
The schedule of studies for the telecommuni-
cations courses were adapted especially for 
the National University of Tucuman by Dr. 
Frias. 
Early in 1949 various measuring equip-

ment and instruments were purchased, and 
a full broadcasting station was installed by 
arrangement of Dr. Horacio Descole, Presi-
dent of the University. 

FIRST NAB PROGRAM DIRECTORS' 
CLINIC HELD IN CHICAGO 

The first National Association of Broad-
casters Program Directors' Clinic was held 
in Chicago on June 27, 28, and 29, on the 
downtown campus of Northwestern Univer-
sity. All meetings were devoted exclusively to 
specific, practical discussions for improving 
program structures at local stations, and aidi 
ing program directors to utilize available 
services to better advantage. Justin Miller, 

NAB president, spoke to the representative 
program delegates, stressing the fact that 
"programs mean audience and audience 
means income and economic stability." 

Industrial Engineering 
Notes' 
FCC ACTIONS 

The FCC has adopted new rules permit-
ting private sale of radio broadcasting sta-
tions without public advertising or competi-
tive bidding. The Commission dropped the 
regulation it has had since 1945 requiring all 
proposed transfers of all types of broadcast-
ing facilities to be advertised locally for a 60-
day period. Under the new procedure, an 
application for transfer of a radio station 
will simply be filed with the FCC so that the 
legal and financial qualifications of the 
purchaser may be examined. . . . A total of 
2,792 AM, FM and television broadcasting 
stations were on the air at the end of May, 
the FCC reported. . .. The FCC, in an ac-
tion possibly affecting the use of uhf fre-
quencies by television broadcasting services, 
today amended its order of May, 1948, re-
lating to the utilization of frequencies in the 
475-890 Mc band for television to include 
consideration of the allocation of the 470-400 
Mc band to multichannel broad-band com-
mon carrier mobile radio operation in lieu of 
television broadcasting. 

NATIONAL BUREAU OF STANDARDS 
ANNOUNCES NEW DEVELOPMENTS 

The National Bureau of Standards re-
cently announced that magnetic fluids, 
which were originally used in the NBS elec-
tromagnetic fluid clutch, have several unique 
features that make possible important appli-
cations of iron-oil mixtures. Studies of the 
properties of the mixtures reveal that mag-
netic fluids may be employed to good ad-
vantage in a number of ways, including use 
as variable electrical resistors. 
An electronic gating instrument has been 

designed and constructed at the National 
Bureau of Standards for the "accurate deter-
mination of the deadtime and recovery char-
acteristics of Geiger-Muller counters." Com-
plete information on the new development is 
available as Research Paper RP1965 at ten 
cents per copy from the Superintendent of 
Documents, U. S. Government Printing Of-
fice, Washington 25, D. C. 

PREFERRED PARTS LIST 
EXPLAINED BY ASESA 

To assist further in promoting the elec-
tronic component standardization grogram, 
the Armed Services Electro Standards 
Agency has prepared a "Preferred Parts 
List" for use as a guide in selecting compo-
nents commonly used in the development 
and maintenance of electronic equipment. 
This list contains the electronic components 

The data on which these NOTES are based were 
selected, by permission, from the Radio Manufac-
turers Association's "Industry Reports," issues of 
February 18. 25, and March 4. 11. and IS. 

for which preferred form factors, values, and 
tolerances have been selected. Consideration 
has been given to cost and production fac-
tors; these are reflected in the list by the fact 
that components included have been screened 
for the most reasonable tolerances used in 
the maximum of engineering applications 
and for those which will not appreciably in-
crease the cost of purchase when bought in 
large quantities. 

TELEVISION NEWS 

The FCC recently released the long-
awaited report on radio propagation effects 
in the frequency range between 50 and 250 
Mc, as compiled by a small group of govern-
ment and industry engineers since the FCC's 
television engineering conference last De-
cember. 
Documents submitted by the committee 

included the report and four reference vol-
umes pertaining to its findings. The main 
document (Vol. I) contains the following 
committee information and recommenda-
tions: 
A. Evaluation of the Random Variations 

in Field Intensity from Median Levels Due 
to Local Terrain and Buildings. 
B. Method of Combining the Effects of 

the Spatial and Time Variations of the De-
sired Signal and One or More Interfering 
Signals. 
Postponement of the lifting of the pres-

ent TV "freeze" until late fall to allow time 
for a new hearing and other proceedings, in-
cluding consideration of 6-Mc color on both 
vhf and uhf channels, was announced by the 
Federal Communications Commission. 

RADIO SET PRODUCTION DECLINES 
AS TELEVISION RISES 

The weekly rate of television receiver 
production in April was the highest yet at-
tained by the industry, according to an 
RNIA tabulation showing that RMA mem-
ber-companies manufactured 166,536 TV 
sets during that month. 
Radio receiver production in April 

dropped to new low levels.' Radio sets re-
ported for the month by RMA members 
totaled 506,409, of which 37,563 were FM 
and FM-AM types. AM set production of 
468,906 was the lowest since January, 1946, 
when the industry was reconverting from 
military to civilian manufacturing. 
For the first time RMA members re-

ported the number of TV receivers with FM 
reception  facilities. These sets totaled 
47,264 or about 28 per cent of the TV receiv-
ers produced. 
FM and FM-AM set production in April 

was about 62 per cent under the weekly av-
erage for the first quarter of 1949. 

CANADIAN RADIO NEWS 

Approximately 3,750,000 radio receivers 
were in use in Canada at the end of 1948, 
and 575,000 sets were produced during the 
year. Canadian sales of radio receivers rose 
in numbers in January, 1949, but declined in 
price. A total of 40,794 units valued at 
$3,308,270 were sold, compared with 39,046, 
sets valued at $3,720,102 in January, 1948. 
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Sales of radio receiving sets by Canadian 
manufacturers in February totaled 44,268 
units valued at $3,328,642, compared with 
35,833 sets valued at $3,230,740 in the cor-
responding month of 1948, according to a 
report received recently by the U. S. Depart-
ment of Commerce. 
Canadian imports of sets in February 

amounted to 1,567 units valued at $81,551, 
compared with 1,379 units valued at $58,529 
in January. Exports in February totaled 
2,898 sets valued at $106,143, against 2,124 
units valued at $74,920 in January. 
Receiving tube production in February 

totaled 309,728 tubes valued at $163,574, 
compared with 263,582 units valued at 
$133,612 in January. Canadian manufactur-
ers imported 54,049 tubes valued at $57,916 
in February, as against 128,050 tubes valued 
at $85,885 in January. Imports of tube parts 
were valued at $40,372 in February, against 
$30,986 in January. 

RADIO AND TELEVISION ABROAD 

Local assembly of radio receivers was 
started in Greece during March, 1948, and 
7,000 sets were completed during the year. 
Production of radio receivers in Austria in 

1948 totaled 96,437 sets, as compared with 
21,246 in 1947 and 127,472 in 1937 . . . . 
At the end of 1948 there were 475,000 radio 
receivers in Hungary, 188,000 of them in 
Budapest . . . . On December 31, 1948, 
there were 42 radio broadcasting stations in 
Panama, compared with 26 at the close of 
1947. 
Licensed radio receivers in Denmark on 

March 31 totaled 1,177,608 and represented 
an increase of 4.43 per cent over the 1,127,-
677 licensed sets on the same date in 1948. 
. . . In Brazil the value of imports of radio 
sets, parts, and tubes in 1948 dropped to 
230,128,000 cruzeires from 454,733,000 cru-
zeires in 1947, according to a report received 
by the U. S. Department of Commerce. U. S. 
manufactured equipment accounted for 86.5 
per cent of the total in 1947 and 76.6 per cent 
in 1948. Holland supplied 10.5 per cent of 

Books 

the Brazilian radio imports in 1948 and 3.7 
per cent in 1947. The United Kingdom ac-
counted for 8.0 per cent of the Brazilian total 
in 1948 and 4.9 per cent in 1947. . . . Radio 
receiver production in the Bizonal area of 
Germany totaled 407,472 in 1948, according 
to statistics received by the U. S. Depart-
ment of Commerce. Production of receiver 
and amplifier tubes and valves totaled 
3,111,885 units in 1948. Production of radio 
sets in Austria totaled 96,437 in 1948, com-
pared with 21,246 in 1947 and 127,472 in 
1937. . . . Production of radio receivers in 
Japan in 1948 averaged 67,749 sets monthly, 
according to statistics received recently by 
the U. S. Department of Commerce. This 
compares with monthly averages of 64,870 
receivers and 43,221 sets in 1947 and 1946, 
respectively. Transmitter production aver-
aged 168 monthly in 1948, compared with 
-227 in 1947 and 97 in 1946. . . . A bill was re-
cently introduced in the legislature of Cuba to 
"regulate industries" including the manufac-
ture and assembly of phonographs, radio and 
television transmitting and receiving appara-
tus. The measure would grant for a period of 
ten years exemption from consular fees, 
duty, taxes, charges, and surcharges on im-
ports by these industries of parts and pieces 
used in manufacture or assembly. .. . Tele-
vision is still in an experimental stage in 
Sweden and experts agree it will be from two 
to three years before programs for the public 
are introduced, according to a report on tele-
vision prepared by Valdemars Kreiebergs, 
of the American Embassy at Stockholm. 
"Televising of programs to the public will 
not be introduced before Sweden and a 
number of other countries of the European 
Continent, including Denmark, Norway, 
Holland, Belgium and Switzerland, have 
agreed on standardization, i.e., the number of 
lines to a surface unit in the transmitted pic-
ture," the report points out. Different types 
of foreign receivers have been tested but 
it has not yet been decided which type 
will be adopted for Sweden. A modified 
U. S. system, a receiver using 625 lines 
instead of the 525 lines used in this country, 

is "seriously considered." Current tele-
vision research in Sweden is being carried 
on under the supervision of the Tele-
vision Research Board. The Board was es-
tablished in November, 1947, at a conference 
of representatives of interested Swedish 
agencies and firms. Several press releases 
from the Television Board mentioned the 
building and installation of a television 
transmitter in the Stockholm Institute of 
Technology. Its power is 1 kilowatt, and at 
present it operates with a carrier frequency 
of 80 Mc. Later one will test operation on 
frequencies of 60 and 200 Mc. 

RMA ELECTS NEW OFFICERS 

At its "Silver Anniversary" convention 
held on May 16-19, at the Stevens Hotel, 
Chicago, the RMA elected and appointed 
the following officers: 
President 
R. C. Cosgrove, Exec. Vice Pres., Avco 
Mfg. Corp., Cincinnati, Ohio (new-4th 
term) 

Executive Vice-President and Secretary 
Bond Geddes (A'41), 1317 F Street, 
N.W., Washington, D. C. (re-elected) 

Vice-Presidents 
G. M. Gardner, Chairman, Wells-Gard-
ner & Co., Chicago, Ill. (re-elected) 

R. E. Carlson, Vice-Pres., Tung-Sol Lamp 
Works, Inc., Newark, N. J. (re-elected) 

W. J. Barkley (M'29—SM'43), Exec. 
Vice-Pres., Collins Radio Co., Cedar 
Rapids, Ia. (re-elected) 

A. D. Plamondon, Jr. (SM'46), Pres., In-
diana Steel Products Co., Chicago, Ill. 
(re-elected) 

A. Liberman (SM'49), Pres., Talk-A-
Phone Co., Chicago, Ill. (new) 

Treasurer 
Leslie F. Muter, The Muter Co., Chi-
cago, Ill. (re-elected) 

Director of Engineering Department 
W. R. G. Baker (A'19—F'28), Vice-Pres., 
General Electric Co., Syracuse, N. Y. 
(reappointed) 

Vacuum Tube Amplifiers, edited by George 
E. Valley, Jr., and Henry Wallman 

Published (1948) by the McGraw-Hill Book Co., 
Inc.. 330 W. 42 St.. New York 18, N. Y. 733 pages 
+9-page index +xvil pages. 186 figures. 61X91. 
$10.00. 

This book is volume eighteen of the 
twenty-eight-volume Radiation Laboratory 
Series instituted to record wartime contribu-
tions to the art. As one can readily surmise, 
it has been necessary to fill in wartime con-
tributions with considerable background ma-

, 4,,terial, in order to give the volume continu-
ity. It is believed that the book would have 
been more useful and valuable, had the back-
ground material been carefully annotated 
with footnote references. 
The preface states that: 

The amplifiers discussed in this volume are de-
signed to have extreme values in one of several of the 
pertinent characteristics: bandwidth, sensitivity, 
linearity, constancy of gain over long periods of time. 
etc. 

This represents a good summary of the ma-
terial included, to which should be added that 
the manner in which the material is treated 
ranges from profound and precise mathemat-
ics to handbook material, such as JAN char-
acteristics and tolerances. It is, therefore, dif-
ficult to recommend the book to specific 
groups; rather, it will probably be found that 
certain parts of the book will be valuable to 
widely divergent interests. Since there is no 
other book of comparable scope now availa-
ble, those actively engaged in amplifier de-
velopment and design will find it. very useful. 
The material included will doubtlessly also 

be valuable to college professors in preparing 
classroom lectures. Frequent tabulations, 
summaries, and circuit diagrams are of con-
siderable utility. 
Chapter Four, "Synchronous and Stag-

gered Single-Tuned High-Frequency Band-
pass Amplifiers," Chapter Five, "Double-
Tuned Circuits," and Chapter Fourteen, 
"Measurements of Noise Figure," contain 
material of sufficient interest and importance 
to warrant special mention. Dc restorer cir-
cuits are treated only briefly. The chapter on 
dc amplifiers does not include consideration 
of flicker effect on stability, and a nine-page 
index hardly seems adequate for a book of 
this size and scope. 

L.1. GIACOLETTO 
1 CA Laboratories 
Princeton, N. J. 
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Cosmic Ray Physics, by D. J. X. Mont-
gomery 

Published (1949) by the Princeton University 
Press. Princeton, N. .1., 357 pages-4-12-page index 
+viii pages. 123 figures. 6X9. 115.00. 

There is perhaps no field of research 
which has undergone as rapid and revolu-
tionary a development during the past two 
decades as has the study of cosmic rays. 
During this short period the original con-
cept that the primary cosmic radiation con-
sisted of photons changed first to an electron 
hypothesis, then to a positive proton theory 
(with occasional suggestions of negative pro-
tons), and more recently to the proton plus 
heavier charged particles concept. To write 
a book on a subject which is undergoing such 
rapid changes is a hazardous undertaking; 
the book might well be out of date before it 
is published. 
Since "Cosmic Ray Physics" by D. J. X. 

Montgomery is the most recent book pub-
lished on cosmic rays to the reviewer's 
knowledge (at the time of writing), it is also 
the most up to date. In general, the author 
has handled the broad scope of the subject 
very well by covering both the early work, 
as well as most of the important recent work 
(up to the publication date of September, 
1948), including a chapter on the very recent 
findings on charged particles heavier than 
protons in the cosmic radiation. 
The basis for the material in the book is 

a series of lectures given by Professor Mar-
cel Schein of the University of Chicago at 
Princeton University in the spring of 1948. 
Professor Schein is one of the outstanding 
authorities in the field of cosmic rays, having 
worked with A. H. Compton at Chicago for 
many years, and, during the past ten years, 
having himself made many notable contri-
butions in this field. The original notes pre-
pared from Professor Schein's lectures have 
been considerably expanded, and much ma-
terial has been added, including some contri-
butions by Drs. Neils Arley and Shuichi 
Kusaka, both outstanding theoretical physi-
cists in the field of cosmic rays. 
The book is written from the experimental 

point of view, and only such theory as is nec-
essary to the fundamental concepts and the 
immediate experiments is included. Several 
chapters are devoted to the experimental 
equipment and techniques used in cosmic-
ray work. A chapter on the intensity of cos-
mic radiation discusses the absolute intensity 
as well as the geomagnetic effect and its re-
lation to the directional intensity. The sim-
ple Stoermer theory of the motion of a 
charged particle in the field of a magnetic 
dipole (the earth) is given in an Appendix. 
Mesons in the cosmic radiation are dis-

cussed very completely under the heading of 
"Hard Component," and the types of meson 
—their charge, mass, lifetime, spin, etc.— 
are discussed in great detail. The chapter on 
the soft components, written by Dr. Arley, 
reviews the subject of the electron and pho-
ton components without recourse to the very 
successful but somewhat complex cascade 
theory for which Dr. Arley was partly re-
sponsible. 
The book is well organized and is pro-

fusely illustrated with excellent reproduc-
tions of cloud chamber and photographic 
emulsion tracks, as well as many curves and 
line drawings. One of the Appendices con-

tains the very useful range-energy and range-
momentum curves for protons, mesons, and 
electrons, which were prepared by Princeton 
as part of an Office of Naval Research proj-
ect. 
"Cosmic Ray Physics" should prove 

valuable both to the individual working in 
other fields who has a good physics back-
ground and a casual interest in cosmic rays, 
as well as a reference text for the worker in 
the field. It should also serve as an excellent 
textbook for the study of cosmic rays. 

E. H. KRAUSE 
Naval Research Laboratory 

‘Vashington 20, D. C. 

Radio at Ultra-High Frequencies, Volume H 
Published (1948) by the RCA Review. RCA Lab-

oratories. Princeton, N. J.. 485 pages +x pages. 350 
figures. 6 X9. $2.50. 

This is a well-organized reference work 
for the engineer engaged in development and 
research on systems and components in the 
ultra-high and higher frequency portions of 
the spectrum. Papers of major importance 
by RCA authors, which were published in 
various technical journals during the years 
1940 through 1947, and covering in general 
the frequency range 300-3000 Mc, are here 
grouped in sections covering antennas and 
transmission lines, propagation, reception, 
radio relays, microwaves, measurements 
componen'ts, and navigational aids. A com-
plete bibliography of the ultra-high-fre-
quency field is appended in addition to 
summaries of all papers appearing in Volume 
I of "Radio at Ultra High Frequencies." 
For those engineers and scientists un-

familiar with ultra-high-frequency tech-
niques, components, and systems, this book 
provides under one cover material which 
previously was available only after much 
laborious library research. 

J. L. HE INS 
Sperry Gyroscope Co. 

Great Neck, L. I.. N. Y. 

The Radio Amateur's Handbook 

Published (1949) by the American Radio Relay 
League. West Hartford. Conn., 605 pages +10-page 
index. 1.651 illustrations. 61 X91. 82.00. 

This hardy perennial in the field of tech-
nical literature, now in its twenty-sixth edi-
tion, remains a mine of practical circuitry 
for the radio beginner, the active amateur, 
and the professional engineer alike. In no 
sense a substitute for a university course in 
electrical engineering, it nevertheless pre-
sents a surprising amount of fundamental 
radio theory in an easily absorbable form, 
with a strong emphasis on physical concepts, 
rather than mathematical derivation and 
exposition. From the opening chapter re-
viewing briefly the history, scope, and pur-
pose of the amateur radio movement to the 
final tabulation of vacuum-tube data, the 
book hews closely to its avowed purpose of 
presenting within one cover the basic infor-
mation needed to enter the field of amateur 
radio, and to remain abreast of those devel-
opments in the field of communications most 
readily adapted to the amateur service. 
Following two chapters devoted to a 

compressed but lucid exposition of electrical 
laws and vacutun-ttilw principles, chapters 

four to ten are given over to applications of 
principles in practical equipment. Actual 
component values for typical circuits are 
given, together with photographs clarifying 
mechanical layout, and a considerable 
amount of the engineering "know-how" 
needed in practical design work is conveyed 
in this sugar-coated way. The succeeding 
five chapters are devoted to vhf and uhf 
principles and practice, with considerable 
use of circuitry brought to high development 
during the war, such as broadband rf ampli-
fiers, triode mixers, etc. Some principles of 
klystrons, magnetrons, waveguides, and 
cavity resonators are also expounded, butt 
the coverage of this field is spotty, and little 
practical equipment for microwave work is 
described. 
Chapter 16 is concerned with measuring 

equipment, mainly conventional frequency 
meters, crystal calibrators, grid dip oscilla-
tors, and similar devices. The next seven 
chapters are given over to actual assembly Is 
and operation of a complete amateur stat ion, 
and a dissertation on the organization and 
function of the American Radio Relay 
League. Two chapters on miscellaneous I 
and vacuum-tube data of considerable refer- ' 
ence value complete the text, and there is a 
fairly comprehensive index. A "catalogue" 
section, in which many of the more promi-
nent component manufacturers list such of 
their products as are well adapted to ama-
teur service, completes the volume. 
It is perhaps imprudent to point out 

small deficiencies in a technical publication 
with an all-time circulation figure over the 
2,000,000 mark, yet it may be mentioned in 
passing that treatment of low noise rf input 
circuits, double superheterodynes, super-
selective if circuits, and single sideband sup-
pressed carrier techniques is rather inade-
quate, to say the least, and the question of 
television interference, currently the most 
vexing problem facing the active amateur, 
has been merely skimmed. With these few 
qualifications, the book is an excellent suc-
cessor to previous volumes in the series, and 
practically a "must" for those participating 
in the amateur hobby. 

L. JF,RoNtE STAN FON 
RCA Institutes 

New York 14. N. Y. 

Radio Fundamentals, by Arthur L. Albert 
Published (1948) by the McGraw-Hill Book Co.. 

330 W. 42 St.. New York 18. N. Y. 583 pages +11-page 
index +vii pages. 320 figures. 61 X91. 54.50. 

In his preface, the author indicates that 
this new book is designed primarily for be-
ginning students, for radio technicians, and 
for radio amateurs, rather than for advanced 
radio engineers. Within the limitations 
he prescribed for himself, he has done well, 
although portions of his material may be 
beyond the comprehension of the group 
for whom he is writing. Although the impor-
tant aspects of radio have all been dealt with 
in a manner that should be understood by 
most readers, the use of complex algebra in 
those cases where mathematics is used seems 
to be a sophistication incommensurate with 
t he avowed level of the text. 
Chapter One, "Fundamentals of Acous-

tics," presents an interesting summary of 
an.hitectural acoustics as applied to prob-
lems .4 studio design, and also a general 

2 
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treatment of microphones. The next three 
chapters, entitled "Electrical Fundamen-
tals," "Series and Parallel Resonant Groups," 
and "Power Transference and Impedance 
Matching" respectively, serve as a review of 
the basic electrical theories underlying most 
radio work. The other chapters deal with 
transmission lines, cables, and networks; 
vacuum tubes; rectifiers; voltage and power 
amplifiers; oscillators; modulation and de-
modulation; radio transmitters and receiv-
ers; and antennas and radio transmission. 
The use of numerous sketches to illustrate 
the operation of the important modulators 
and demodulators makes the chapter on that 
subject particularly noteworthy. A large 
number of illustrated examples is given 

IRE People 

throughout the text, serving to indicate how 
problems that arise in radio are analyzed 
and solved. In some cases, however, the ana-
lytic basis for the calculations has not been 
included. 
A rather serious weakness of the text is 

the looseness in the discussion of the equiva-
lent plate circuit representation of a vacuum 
tube, and also the subsequent discussion of 
the voltage gain of an amplifier. Equation 80 
on page 273 gives the gain of a single stage 
amplifier as positive, thereby ignoring the 
180-degree phase shift through the ampli-
fier. All subsequent gain formulas suffer in 
the same way. Thus one cannot tell from 
equation 115 whether the output from a 
cathode-follower is in phase or out of phase 

with the input. While this may be a minor 
point when discussing the operation of a sin-
gle stage, the relative phase is frequently 
more important than the gain. Several ob-
vious errors have eluded the proofreaders. 
For example, the photograph on page 113 is 
upside down. Also, on page 129 it is stated 
that G, the shunt leakage of a transmission 
line, is given in ohms per unit length, instead 
of mhos. 
On the whole, however, this book is one 

of the better books on the beginner's level, 
and should find an important place in the 
literature of radio. 

SAMUEL SEELY 
Syracuse University 
Syracuse 10, N. Y 

Philip J. Senn (A'43 M'46), an 
active member of the Dayton Sec-
ion of the IRE, died in an automo-
Ae accident while on his way to 
ittend the Cincinnati Spring Tech-
nical Conference on Television. 
Born in Chicago, Ill., on June 17, 

1916, Mr. Senn studied at the Lewis 
Institute and also took courses in 
special  military  communications 
and radar. In 1942 he joined the 
staff of the Signal Corps Aircraft 
Radio Laboratory at Wright Field, 
Dayton, Ohio, transferring the fol-
lowing year to the Signal Corps 
Aircraft Radio Engineering School 
in Dayton as an instructor. Since 
April, 1946, he had been associated 
with the USAF Air Materiel Com-
mand, Aircraft Radiation Labora-
tory, as a radio project engineer oti 
the research and development ot 
guided missile radio control equip-
ment. 

Arthur V. Loughren (A'24-M'39-SN1'43-
F'44) has been elected vice-president in 
charge of research of the Hazeltine Elec-
tronics Corp.'s Board of Directors. Orville 
M. Dunning (A'34 SM'44) was made vice-
president in charge of engineering; and 
James F. Willenbecher (SM'44) was chosen 
vice-president in charge of manufacturing. 
Mr. Loughren has been on the Hazeltine 

staff since 1936, during which time he has 
made many contributions to the theory and 
practice of television. Previously he was 
associated with the General Electric Co. as 
a consultant on vacuum-tube problems, and 
supervisor of broadcast receiver develop-
ment, and later with the RCA Manufactur-
ing Company, where he was in charge of 
testing and inspection. 
Mr. Dunning was chief engineer for the 

Sonora  Phonograph  Co.;  then  became 

manager of the Telediphone department of 
the Thomas A. Edison Co., and, in 1940, 
chief engineer of the Gray Manufacturing 
Co. Joining Hazeltine in 1941, he has been 
responsible for the administrative and 
technical supervision of the company's 
engineering work under military contracts. 
Before he joined Hazeltine in 1942, Mr. 

Willenbecher served on the staff of the 
RCA Manufacturing Co., and also of the 
Philco Corp. Prior to this advancement, he 
was manager of the production division. 

J. E. Shepherd (A'36-SM'44-F'48) was 
recently elected the 1949-1950 president of 
the Technical Societies Council of New 
York, Inc. He is the fourth president of the 
council, which was organized in 1946 and has 
a meml-,ership of seventeen engineering, sci-
entific, and technical societies in the metro-
politan area, representing more than 25,000 
members. Dr. Shepherd, a director of the 
IRE, has been active in the New York Sec-
tion activities, serving as Chairman in 1947-
1948, and Secretary in 1944-1945. He was 
given the Fellow award in 1948 "for his con-
tributions to the development of airborn 
radar armament and for his active partici-
pation and leadership in the functions of the 
Institute." 

Louis G.  Pacent (A'12-M'15 --F'47), 
president and technical director of the 
Pacent Engineering Corp. in New York, 
N. Y., has been appointed consulting en-
gineer by Plessey International, Ltd., in 
Ilford, Essex, England. 
Mr Pacent was born on June 23, 1893, 

in New York, N. Y., and he received the 
I.E.E. degree front Pratt Institute in 1.916. 
Front 1915 to 1917 he was advertising man-
ager for the IRE, and he has also been a 
member of numerous Institute Committees. 
In 1947 he received the War Departtnent 
Certificate of Appreciation for his services 
ill  OW Signal Cnrips. 

A Fellow of the Society of Motion Pic-
ture Engineers, the Radio Club of America, 
and the AIEE, Mr. Pacent is also a member 
of the last organization's Board of Exam-
iners, and a member of the Acoustical Sod-
ety of America and the Engineers Club of 
New York. 

Allen B. DuMont (M'30-F'31), presi-
dent of the Allen B. DuMont Laboratories, 
Inc., received the honorary doctor of 
science degree, conferred by the Brooklyn 
Polytechnic Institute on June 15, 1949. 

Ralph E. Hantzch (M'48), su-
perintendent of manufacturing of 
exploration and production instru-
ments and equipment at the Shell 
Oil Co. in Houston, Tex., died early 
this year. 
Mr. Hantzch was born in Mil-

waukee, Wis., on April 2, 1896. In 
1918 he was employed as an instruc-
tor at the Signal Corps School of the 
University of Wisconsin, following 
which he served as a student assist-
ant in physics and radio for the next 
two years. From 1920 to 1921 he was 
an instructor in physics and ele-
mentary mathematics at the Uni-
versity of Wisconsin, receiving the 
B.S. degree in electrical engineering 
at the end of that period. 
Following his graduation, Mr. 

Hantzch joined the Bell Telephone 
Laboratories as a designing engi-
neer. He left in 1927 to become chief 
engineer at the Best Manufacturing 
Co. In 1930 he resigned to work as a 
private consulting engineer on the-
ater acoustical apparatus. Six years 
later he became a development engi-
neer for the T. A. Edison Co. Ile 
joined the Shell Co. in 1938. 
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Samuel Lubkin (SM'46) has been ap-
pointed consultant to the machine de-
velopment laboratory, a division of the 
National Bureau of Standards' applied 
mathematics laboratories. There he will ad-
vise on the logical, mathematical, and en-
gineering aspects of electronic computers, 
particularly the development of the NBS 
Interim Computer and a full-scale com-
puter for one of the Army agencies. 
Beginning his career in 1929 as a de-

sign engineer and test supervisor for the 
Otis Elevator Co., Dr. Lubkin left ten years 
later, and the following year became director 
of the Philadelphia Signal Depot's inspec-
tion laboratory, acting as general consultant 
on technical matters to the Signal Corps 
Inspection Agency and the Signal Corps 
Procurement Agency. In 1946 he was ap-
pointed engineer-in-charge of computing 
machines at the Aberdeen Proving Ground, 
leaving to become engineer-in-charge of the 
digital computer section of the Reeves In-
strument Corp. the following year. At the 
same time, he was lent as consultant to the 
University of Pennsylvania for research on 
the EDVAC and ENIAC. Dr. Lubkin left 
the Reeves Instrument Corp. in 1948. 
Inventor of a number of control devices 

and author of many technical papers, Dr. 
Lubkin has conducted extensive research in 
electrical, electronic, and mechanical engi-
neering, and applied mathematics. His work 
has included experimental and mathemati-
cal investigations on stresses and vibrations 
in mechanical structures, analyses of transi-
ents in motor-speed control arrangements, 
programming and design of electronic com-
puters, and instrumentation. 

Wesley Tate Guest (A'32-SM'47), for-
merly a colonel in the Army Communica-
tions Service Division of the Signal Corps, 
was promoted recently to the rank of 
brigadier general. 
General Guest was born on March 18, 

1900, and received the engineering degree 
from Cornell University in 1921. The follow-
ing year he attended the Army Signal School 
and in 1928 and 1929 he did graduate work 
at Yale University, receiving the M.S. de-
gree. In 1946 he was at the National War 
College. 

Wilson A. Maisel (A'46), head of 
the electronics department of the 
Frank H. Parks Co. in Portland, 
Ore., died early this year. 
Mr. Maisel was born on Novem-

ber 5, 1918, in Deming, N. M., and 
was educated at the Stayton High 
School in Stayton, Ore., graduating 
in 1936. After working as a techni-
cian in a radio service shop, in 1940 he 
became assistant to the superintend-
ent of the Instrument Laboratories, 
Inc., of Seattle, Wash., where he 
was in direct charge of the design, 
manufacture, and servicing of ma-
rine and industrial electronic instru-
ments. 

William Webster Hansen (A'39-
F'47), radar pioneer, died recently of 
a heart attack after a long illness. 
Born in Fresno, Calif., in May 

1909, Dr. Hansen was graduated 
from Leland Stanford University at 
the age of twenty, and he became a 
faculty member the next year, re-
maining there until his death. Early 
in his teaching career he taught sev-
eral advanced physics courses which 
he himself had not taken as a stu-
dent. Later he included them in his 
studies for the doctorate, which he 
received in 1932. 
In 1937 Dr. Hansen began work 

on a device to prevent airplanes/ rom 
flying into mountains, and from this 
research came the klystron, one of 
the most important elements of ra-
dar. Afterward Dr. Hansen and his 
co-workers developed other pieces of 
radar equipment,  including  the 
rhumbatron, which is also used in 
atom-smashers. 
In 1944 Dr. Hansen was awarded 

the I RE's Morris Liebmann Memo-
rial Award for the "application of 
electromagnetic theory to radiation 
antennas, resonators, and electron 
hunching, and for the development 
of pracsical equipment and measure-
ment techniques in the microwave 
field." During the war he worked an 
i•ight-hour shift in the NIassachu-
setts Institute of Technology's ra-
diation laboratory; then commuted 
to the Sperry Gyroscope Co.'s 
laboratory on Long Island for an-
other eight-hour stretch. It was as a 
result of this wartime schedule that 
he became ill. He entered a hospital 
last fall on his return from attend-
ance at an international atomic 
physics conference at the University 
of Birmingham in England. 
At the time of his death he was 

professor of physics at Stanford and 
director of the Univerity's micro-
wave laboratory. The billion-volt 
linear accelerator and atom smasher 
now under construction on the Stan-
ford campus was planned and de-
signed by him. He was a member of 
the National Academy of Science. 

Irving G. Wolff (A'27-F'42), director of 
the Radio Tube Research Laboratory at the 
RCA Laboratories, received the Distin-
guished Public Service Award of the Navy 
Department, the highest honor bestowed on 
a civilian by the Navy, in recognition of his 
achievements in electronics and radar. 
Born in July, 1894, in New York City, 

Dr. Wolff received the B.S. degree in physics 
from Dartmouth College in 1916 and the 
Ph.D. from Cornell University in 1923. Dur-
ing the interim he taught at Iowa State 
College in 1919 and 1920, and at Cornell 
from 1920 until he received the doctorate. 
In that year he did research on polarization 
capacity for the Hecicscher Research Coun-
cil, joining RCA in 1924 as a member of the 

technical and test department. From MO to 
1941 he was with the research division of 
the RCA Manufacturing Co. in Camden, 
N. J., and since then he has been with the 
Laboratories. 
Dr. Wolff's specialization is in problems 

dealing with microwaves, radar, and avia-
tion. Ile has been a member of a number of 
Institute Committees and represented the 
IRE on the American Standards Associa-
tion's Sectional Committee on Acoustical 
Measurements and Terminology. A fellow of 
the American Association for the Achieve-
ment of Science and of the Acoustical Soci-
ety of America, he also is a member of the 
American Physical Society. 

Alfred C. Viebranz (A'48), formerly gov-
ernment sales representative for the elec-
tronics division of Sylvania Electric Prod-
ucts Inc., at Boston, Mass., has been ap-
pointed their special representative at Wash-
ington, D. C. In addition he vi ill act as 
a technical consultant in all phases of gov-
ernment relations. Prior to joining Sylvania, 
he was in the submarine service as a lieuten-
ant in the U. S. Naval Reserves. During the 
war he was chief engineer and executive 
officer on the  U.S.S. Haddo, and was 
awarded two silver stars and a bronze star 
for combat duty in the South Pacific. Later 
he served as electronics officer on the U.S.S. 
Sarda. 
A native of New Rochelle, N. V., Mr. 

Viebranz received the B.S. degree in physics 
from St. Lawrence University in 1942, while 
serving the United Press as a staff cor-
respondent. Later he attended the postgrad-
uate school of the United States Naval 
Academy, and was graduated as a communi-
cations engineer. 

The College of Wooster conferred the 
honorary degree of doctor of science on Vic-
tor J. Andrew (A'25-M'30-SM'43) at its 
seventy-ninth annual convention on June 
13,  1949.  Dr. Andrew was graduated 
from the College in 1926, and received the 
Ph.D. degree front the University of Chicago 
in 1932, in recognition of work there in phys-
ics. He is now chairman of the Board of 
Directors of the Andrew Corp., which he 
established in 1936. 

Ambrose C. Kibler (A'441, for-
merly  chief  engineer  for  radio 
stations WNEX and WNEX-FM, 
in Macon, Ga., was fatally injured 
in an automobile accident on May 
16, 1949. Born in South Carolina in 
1915, he received the A.B. degree from 
Newberry College in 1934. He became 
a radio technician by studying in his 
spare time, and was an instructor at 
the radio training school maintained 
by the Signal Corps, WRASC, in War-
ner Robins, Ga., from 1942 until the 
end of the war. Mr. Kibler's title 
was civilian radio training adminis-
trator. 
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William E. Osborne (A'41) has been des-
ignated chief of the electronic and guidance 
division of the Marquardt Aircraft Co. 
This division has been an operating unit 
under Mr. Osborne since 1947, and has just 
recently been moved to Van Nuys, Calif. 
Mr. Osborne has been engaged in elec-

tronic and radar work since 1925, when he 
received the E.E. degree from Queens Col-
lege, in Melbourne, Australia. Now a U. S. 
citizen, he was a British Navy captain dur-
ing 1939 and 1940, and subsequently served 
as a radar liaison officer to both the United 
States and British Governments. In 1945 he 
was associated with Gilfillan Brothers, Inc., 
as principal radar design engineer until 1947, 
when he organized the division of which he 
is now chief. 

J. W. Head (A'44-M'48) was awarded 
the honorary LL.D. degree by Piedmont 
College, Demorest, Ga., at commencement 
exercises on June 5, 1949. The degree is being 
conferred for distinguished service as an 
educator, engineer, and practical scientist 
and is the highest honor the school can be-
stow. Mr. Head is president and founder of 
the Electronics Institute, Inc., of Detroit, 

and also directs the activities of In-
dustrial Electronics, Inc., a professional 
consultant organization. 
A graduate of Oglethorpe University in 

1935, Mr. Head later became associated with 
Lee DeForest, the "father of radio." He 
was recently elected president of the De-
troit Section of the Instrument Society of 
America, and holds membership in the De-
troit Television Roundtable and the Engi-
neering Society of Detroit. 

Roger E. Robertson (A'48) has been ap-
pointed to the staff of the National Bureau 
of Standards, where he will conduct engineer-
ing research for the guided missile projects 
of the electronics division. 
A native of Jaffrey, N. H., Mr. Robert-

son won the freshman competitive scholar-
ship to the Massachusetts Institute of 
Technology, and was the recipient of further 
undergraduate and graduate scholarships. 
While studying for the bachelor of science 
and master of science degrees in electri-
cal engineering, both of which he received 

PL. in 1942, he worked on co-operative assign-
ments at the General Electric Co. Upon his 
graduation he joined General Electric on a 
full-time basis, leaving in 1946 to become an 
electronics engineer at the Bell Telephone 
Corp., where he directed and supervised the 
electronic phases of a flight-test program for 
guided missiles. 
Mr. Robertson has worked on the design 

of fire-control radar and other electrical and 
electronic systems. He is a member of Eta 
Kappa Nu. 

Elmer W. Engstrom (A'25-M'38-F'40) 
vice-president of RCA in charge of research 
was given the honorary doctor of science de-
gree by New York University on June 15, 
1949. 

George C. Schleter (A'38-VA'39) has 
been appointed to the staff of the National 
Bureau of Standards, where he will conduct 
an engineering development program on 
guided missiles, including missile systems 
and components, in the Bureau's electronics 
laboratories. 
Mr. Schleter was born in Seymour, Ind., 

and attended Purdue University, from 
which he received the B.S. degree in 1922. 
He spent the next three years as a member 
of the faculty of New York University, from 
which he received the master of science de-
gree in 1925. In that year he was appointed 
head of the mathematics and physics de-
partments of Broaddus College in Philippi, 
W. Va., and he left in 1928 to become a civil-
ian physicist on the staff of the U. S. Army 
Air Corps at Wright Field. 
From 1931 to 1934 Mr. Schleter worked 

on the development of blind landing systems 
at the National Bureau of Standards; then 
he engaged in microwave research at the 
Naval Research Laboratory, as well as de-
veloping antennas for ASB radar, radio 
transmitters, and confidential microwave 
research. Early this year he rejoined the 
National Bureau of Standards. 
Mr. Schleter is a member of Eta Kappa 

Nu. 

Everard  M.  Williams  (S'36-A'41-
SN1'44), of the Carnegie Institute of Tech-
nology, has just been promoted to a full pro-
fessorship at that institution. 
Born in 1916, Dr. Williams studied at 

Yale University, receiving the doctorate in 
1939. Shortly afterward he became an in-
structor at Pennsylvania State College, leav-
ing in 1942 to become chief engineer of a 
secret radio weapons laboratory at Wright 
Field, Dayton, Ohio. 
At the end of the war, in 1945, Dr. 

Williams joined the faculty of the Carnegie 
Institute. There he helped in the develop-
ment of the new Synchro-Cyclotron, of 
which he designed the oscillator and de-
flector. In 1946 he was voted America's out-
standing young electrical engineer for 1946 
by the Eta Kappa Nu Assn. He was also 
awarded the President's Certificate of Merit 
for his war work. 

Paul Ware (A'17-SM'44) has been ap-
pointed head of the DuMont Laboratories' 
new electronics parts division. 
From 1907 to 1912 Mr. Ware served as 

a wireless operator for Atlantic Deforest, 
American Deforest, United Wireless, and 
Marconi. He received the M.E. degree from 
the Stevens Institute of Technology in 1917 
and subsequently enlisted as a sergeant in 
the U. S. Army during World War I. Rising 
to the rank of second lieutenant, he was re-
sponsible for the 75-meter break-in trench 
telegraph set known as SCR77, on which he 
had previously worked with Professor Hazel-
tine at Stevens. 
From 1922 to 1925 Mr. Ware was en-

gaged in operating one of the pioneer radio 
receiver enterprises which developed, manu-
factured, and sold over 200,000 receivers 

known as the "Ware Neutrodyne." He de-
veloped and patented a duplex radio com-
munications technique embodying the break-
in feature and many other improvements 
important at the time, including the first 
completely-shielded receiver and the double-
oppositely-wound loop. 
From 1925 to 1935 Mr. Ware was con-

sultant for Splitdorf-Bethlehem, Sonora 
Phonograph, R. E. Thompson, and also for 
the Monmouth Memorial Hospital, and en-
gaged in the design and manufacture of radio 
sets for various companies. In 1935 he joined 
P. R. Mallory and Co. as consulting engineer 
and remained there until 1939, when he 
transferred to DuMont. 
In 1942 and 1943 Mr. Ware served as 

president of the Radio Club of America. 

Leslie J. Woods (M'35-SM'43) has been 
appointed vice-president and director of re-
search and engineering to head all engineer-
ing and research activities of the Philco 
Corp. 
Mr. Woods joined Philco in 1925, after 

serving in the British Army during the first 
World War, and playing an important role 
in the development of British communica-
tions in the Middle East. In 1928, when 
Philco began research work in television, 
Mr. Woods was named first television engi-
neer, and served in this capacity for two 
years. From 1930 to 1938 he occupied posi-
tions of increasing responsibility in the 
company's engineering department, design-
ing and developing both vacuum tubes and 
radio receiving sets. During this period he 
took charge of automobile radio engineering 
for the corporation, and in 1941 was made 
manager of the car manufacturers' division, 
with headquarters in Detroit. 
On the outbreak of war he was trans-

ferred to Washington, where, in 1942 he be-
came vice-president and general manager of 
the National Radio Corp., at that time a 
Philco subsidiary, to assist that company in 
expanding its organization to meet the 
greatly increased wartime demands of the 
army and navy. Following the war, he re-
turned to Philco as manager of the com-
pany's industrial division, which takes care 
of automobile and aircraft radio, as well as 
advanced radar equipment for the armed 
forces, and in 1948 he was elected vice-presi-
dent of the division. 

Daniel R. Donovan (A'44), formerly vice-
president and sales manager of the Callite 
Tungsten Corp., has been appointed sales 
manager on elmet and fine wire products, for 
the North American Philips Co., Inc., in 
Lewiston, Me. 

George L. Downs (A'44) has been placed 
in charge of the transformer operation of 
Ratheon Manufacturing Co., at Waltham, 
Mass. Mr. Downs was formerly head of 
Raytheon's production test department, and 
methods and cost estimating department. A 
native of Texas, he is an amateur radio op-
erator, his call letters being WICT. 



912  PROCEEDINGS OF THE I.R.E.— Wares and Electrons Se(tion August 

Cover Sheet for Technical Memoranda  —A 
Technique in Information Exchange* 

R. C. m niEst, SI.N1uR MEMBER, IRE 

Su m mary —An account is given of the origin and 
use of a routine for disseminating new technical in-

formation and ideas rapidly and flexibly through the 

large engineering and research organization of Bell 
Telephone Laboratories. The essential philosophy 

back of this routine is that technical memoranda have 
the status only of the individual engineer's personal 
authority, and hence may be circulated directly and 
widely across departmental lines for information and 

discussion. Departmental policy in relation to such 

memoranda is established by covering letters where 
such action is necessary. The objectives approached 
and benefits accruing from this procedure are briefly 
discussed. 

I NI KODUc 1 ION 

ONE OF THE routines to which a 
new technical employee in Bell Tel-
ephone Laboratories is soon intro-

duced is that of the "Memorandum for File," 
together with its inseparable companion, 
"Cover Sheet for Technical Memoranda." 
Such an individual may be tempted to re-
gard this latter as a piece of bureaucratic red 
tape designed to supply work for stenogra-
phers and filing clerks, but in time he learns 
that it has definite relations to the organic 
needs of our type of work. 
Starting in a small way about twenty 

years ago in a small research group working 
on carrier transmission, this cover sheet has 
had its use spread in turn to the department, 
the general department, and finally to all of 
our technical general departments. We mill 
not trace out the little variations in its form 
and use from then to now, as a description of 
Its present status will suffice to bring out the 
essential philosophy in back of its initiation 
and survival. 
Without attempting to delve deeply into 

the nature of our Laboratories' organization 
or its technical stork, there are two aspects 
ot it a hich appear apposite to our present 
discussion. First, there is a vertical division 
of effort bet a yen such major functions as Re-
search, Apparatus, and Systems. Each of 
these, in turn, is dit ided into other func-
tional ilit isions, stit It as Phis sie.al Research, 
Chemical  Research,  Acoustic  Research, 
Transmission ((escort h, etc., which in turn 
are broken down into still more specialized 
compartments. It is.in these specialized com-
partments that a e strive for nett knou ledge, 
new types of apparatus, and new systems for 
application. The second aspect to our method 
of working is a horizontal one. Closely re-
lated lines of a ork must continually draw on 
each other for supporting information and 
specific projects, such as a new machine 
switching system or a microwave transmis-

• Decimal clasatication: WNW. Original manu-
script received by the Institute, March .3. 1949. 

This paper is an expansion of discussion prepared 
In relation to the paper by Allen II. Schooley, U. S. 
Naval Research Laboratory, entitled. 'Information 
exchange as a management tool in a large research 
organization,  • presented at the National Electronics 
Conference. Chicago. Ill.. on November 5, 1948, and 
published in PROC. I.R.E.. V01.37. pp. 429-432; April. 
1949. 
1. Bell Telephone Laboratories. Inc., Murray Hill, 

N. J. 

sion system will need to be in touch with the 
work of a wide range of specialized workers. 
Within this simplified picture of the duality 
in methods of operation, it can be seen that 
there are numerous areas of work which need 
to be co-ordinated, continuously and flexibly. 
The technique to be described is one means to 
this end. 

OBJECTIVLS 

From the above brief introduction to the 
nature of the problem, a little consideration 
will enable IlS 10 SC1 Up a group of objectives 
%those at  we believe to he f rt here. I 
I y the use of the cover sheet. 

1. Rapid dissemination of information to 
those most prokild  inter( sted. 

2. The encouragement of dire( t as tact 
betueen individual engineers. 

3. The avoidance of extensive duplit a-
tion of effort. 

4. The avoidance of ‘t-teil inttru-  “I" 
undue isolation of fields ot aork. 

5. Speedwing up revie%\s of past o ork. 

The two media \\ hich ‘‘e have I,  the 
spreading of ideas are the oral and the writ-
ten a ord. From the standpoint of speed and 
fluidity of interch.inge of ideas the former is 
the more effective, a bile the lattcr has its 
advantages front the standpoints of record 
and study. In the Laboratories, the use of 
the oral word is fostered hy the medium of 
conferences in groups and bet it (-en intik id-
uals with all the advantages attendant upon 
personal acquaintanceship. I bites cr, in a 
large organization one can never he quite 
sure that all necessary or desirable itersonol 
contacts are established, aml time idealv pre— 
cludes trs ing to establish ill p' '--ilk ones. 
This situation is rendered more serious by 
the fact that many, if not most, of the hest 
engineers and research men are of the sub-
jective t.s pc,' and do not venture far in es-
tablishing personal contacts. 

Tut \IF citANism 

It thus becomes iiiiptirtant  tri }Live 
method for using the written w ord in t he most 
flexible and direct fashion for furthering the 
objectives outlined above. The cos er sheet, 
a typical example of which is slime  ii jjj 
I, has been evolved to supply this need. The 
first line is the subject and the case number 
under which expenditures for the a ork are 
authorized. Below this on the let t is o r"uting 
list. If the memorandum is deemed tI)t on-
Lain patentable material, the No. I  , 
signed by the author, is forts arded to the 
Patent Department, generally a ith .t cover-
ing letter containing additional discussion. 
The second, or yellow copy, also signed, goes 
to the Case File for permanent record. The 
third copy generally goes up the line of sli-

t C. E. Broadly and M. Broadley. •Know Your 
Real Abilities," Chaps. 6 and 7. McGraw-11in Bt.ok 
Co.. New York. N. V. 1948. 

peryision to the department files. It is the re-
mainder of the routing list which accom-
plishes our object of rapid information dis-
semination. Here the author lists the names 
of individual engineers in his own or other 
departments to whom he believes the subject 
is of direct interest. There may be only a few 
or there 111,0' be several dozen. If he believes 
that a certain group is or ought to be inter-
ested, but he does not know the individuals 
concerned or their responsibilities, he may 
route a copy to the group head. The engineer 
may confer with his immediate supervisor as 
to the general coverage of the list. It may 
cut across not only all department lines, but 
also all ranks from a general department head 
to individual engineer. 
To the right of the page is a routine AIM 

identification number, the date anti the au-
thor's Tlarne.  NIA! signifies 'Memorandum 
for File. - 1 he identification number consists 
simply of the last tao digits of the year, the 
department number, and the serial number 
of the memorandum for that department for 
th.tt eor. Under the author's name there is 
included a tiling sul ject or type of %\ ork title. 
The olijective of rapid dissemination of 

ideas and kno‘k !edge is attained by virtue of 
the 0.1 in which the routing list cuts across 
:ill departmental lines. No lime is lost in go-
ing five or -ix steps up and a similar number 
dots n with the inevitable delays due to pres-
ser,: of ',tiler 5‘ ork, questions raised, etc. The 
LH. (it ti of emouraging personal contact is 
,iit.iitic',h because an individual of the sub-
jectit e tt pc it hi, may rarely speak up in .1 
group (onfereme • %%ill, upon reading a re-
p,rt c,f. special interest to him, reach for the 
telephone to make an appointment for a per-
sottol oi inference. II is object may be to seek 
further informati,m or to argue a divergent 
viett point, but either way a new friendship 
ir improvement in mutual interests gener-
olls results. 
Below the routing and filing information 

On the l'uVvr sheet there is a brief abstract 
stating the substance of the memorandum. 
This is of el tecial interest to supervisors and 
deportment heads. First, in relation to ob-
jectise No. 1 t he c-all review the routing list 
to see. if t:Vt•r  one in their group %%ho should 
have a cop \ of that material is on the list. 
Seeond, it enables them to keep a running 
check on t /lc third and fourth objectives hav-
ing to do w oh interdepartmental division of 
enitrt ond interdeportmental correlation. 

th objective i, furthered if a file is 
kept by subject matter. We have done this 
in the past by keeping a file ot cover sheets 
ords arranged bs suliject or class of stork. At 
present this type of tile is being kept on 3 X 5 
inch cards. An engineer reviewing or reopen. 
trig a line of stork thus has available a good 
brief guide to the more important memo-
randa to read. Heals° gets a good steer as to 
st hich individuals he should seek out first for 
personal contact. 
A further check on the adequac‘ of dis. 
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ADSTAACT 

RecomMendations are made for an equivalent cir-
cuit representation, and terminology relating to semi-
conductor triodes. 

Fig. I 

tribution is maintained by the monthly circu-
lation, to a certain level of supervision, of a 
list of titles and authors of all technical 
memoranda for file. Several sets of circula-
tion file copies are maintained for use on a 
reference basis to take care of requests result-
ing from this circulation list. This freedom 

of circulation is only rarely restricted at cer-
tain stages of special jobs and, of course, in 
the case of work being done on classified gov-
ernment projects. In such work the routing 
list includes only authorized individuals, and 
the MM title is withheld from the monthly 
circulation list. 

STATUS OF TECHNICAL MEMORANDA 

It may be objected that this free circula-
tion of memoranda might induce confusion 
between the work of departments. This is 
avoided by the status accorded these memo-
randa. They are regarded as the technical 
expositions of his work by the individual en-
gineer and carry only his personal authority. 
Thus, a supervisor may approve2 them for 
file and circulation, even when not in full 
accord with some of the ideas expressed. 
They are only made a part of interdepart-
mental policy and action when transmitted 
with covering letters signed by supervision 
and to the degree set forth in each letter. 
From this independent status given to 

the technical memoranda for file, there de-
rive benefits quite aside from the original ob-
jectives of dissemination of information. 
These memoranda become, for the individual 
engineer, a medium of publication to a large 
group of his associates, not only of the results 
of work done, but also of his judgment of the 
significance of the work and of his plans and 
hopes for the future. Sympathetic supervi-
sion can thus encourage the development of 
the individual through constructive criti-
cism of this medium of expression. The high 
standard attained in the writing of many of 
these memoranda is testified to by the fact 
that, not infrequently, they become, with 
only slight changes to adapt them to a new 
and wider audience, the manuscripts for 
publications in the technical press. 

2 There is some feeling that even this degree of 
approval is not necessary. 

Radioactive Standards and Methods of Testing 
Instruments Used in the Measurement 

of Radioactivity* 
L. F. CURTISSt 

Su m mary —A summary of the program for stand-

ardization of radioisotopes at the National Bureau of 
Standards is given in this paper, with some of the 

reasons for need of absolute measurements of radio-

isotopes in particular uses. This is accompanied by an 
outline of some of the methods used to ascertain char-

acteristics of commercial instruments used in the 

measurement of radioactivity, with particular empha-
sis on those methods used at the National Bureau of 

Standards for this purpose. 

INTRODUCTION 

HE MEASUREMENT of radioiso-
topes has assumed new importance in 

sin   recent years. This can be attributed 
to the increased production of artificially 

• Decimal classification: 539.7 X621.375.6. Origi-
nal manuscript received by the Institute, March 20, 
1949. 
t National Bureau of Standards, Washington. 

D. C. 

produced isotopes, which, in turn, has led to 
a greater diversity of uses. The expansion in 
the requirements for measurements has de-
veloped much faster than the development 
of equipment for the purpose, both in quan-
tity and in quality. Instruments commonly 
used in measurements of radioactive radia-
tions rarely have been of the type which 
could be reliably calibrated quantitatively 
with the expectation that such calibrations 
could be relied upon over long periods of 
time. As more sensitive and complex instru-
ments have been developed, the instability 
has increased. Therefore, many difficulties 
are encountered, which are chiefly of an in-
strumental nature, where absolute measure-
ments of activity are required. While this 
situation may be said to result indirectly 
from the increased amounts of various radio-

isotopes now available, it arises chiefly from 
new uses which have been found for these 
isotopes, where absolute measurements are 
essential. 
Before radioisotopes were available in 

quantities to encourage practical uses, they 
were mainly the subject of investigations re-
garding their structure, modes of disintegra-
tion, and related basic information. Meas-
urement in this field can be accomplished 
without any knowledge of the absolute 
amount of the isotope under study. Each in-
vestigator sets up his own arbitrary scale of 
units, based on instruments and techniques 
usually available only to himself. The only 
comparison of his results with those of oth-
ers, using different quantities and methods, 
is made in the conclusions deduced from the 
measurements. In many tracer experiments 



914  PROCEEDINGS OF THE I.R.E.-  Waves and Electrons Section  August 

a similar situation exists. An arbitrary scale 
of activities set up for a particular experi-
ment suffices to yield the desired quantita-
tive results. 
There is one radioisotope which has re-

quired quantitative measurements for many 
years. This radioisotope is radium. Accurate 
standards' of radium were set up interna-
tionally in 1913. A survey of the principal 
reasons for this procedure throws considera-
ble light on the nature of the present demand 
for absolute measurements for artificially 
produced radioisotopes. The more impor-
tant of these are that (1) radium has become 
an article of commerce; (2) it is used prin-
cipally in the treatment of disease; (3) cer-
tain physical .investigations required abso-
lute measurements of this isotope. An ex-
ample of (3) is the determination of the dis-
integration rate of radium. 
The same situation regarding radium is 

now true of many of the artificially produced 
radioisotopes, and the need for their absolute 
measurement has the same general basis. 
This has created a demand for standards of a 
large number of radioisotopes in forms suita-
ble for calibration of a wide variety of instru-
ments. The more recently developed instru-
ments for radioactive measurements are 
more sensitive than the earlier instruments. 
They also exhibit a greater degree of insta-
bility, and have more complex components 
which may fail to function properly. There-
fore, the usual procedure in measurements of 
radioactivity—that of frequently checking 
the response of an instrument by using a 
standard—has become more necessary with 
present-day instruments. Most of these in-
struments are linear in their response only 
over limited ranges. This necessitates a se-
ries of standards of different intensities to 
reduce errors which might be caused by this 
lack of linearity in the instruments. 
Accurate standards will not, by them-

selves, solve the problem of accurate abso-
lute measurement. It is obviously equally 
important that the instruments function 
reliably within their limitations, and that 
these limitations be clearly recognized. As 
the instruments have increased in complex-
ity, as compared with the gold-leaf, or Lau-
ritsen, electroscope, with which many im-
portant measurements have been made, the 
number of tests which must be made to as-
certain proper operation has increased. The 
testing of instruments is thus a new require-
ment in radioactive measurements. Until 
quite recently, practically all equipment 
used in radioactive measurements was con-
structed in the laboratory where it was to be 
used, usually by the investigator himself. 
Thus, the construction and operational char-
acteristics were entirely familiar to the user. 
This situation no longer obtains. Measuring 
equipment is now being produced commer-
cially. Numerous companies are engaged in 
this production, with no two companies mak-
ing a given instrument in the same way. The 
prospective user must, therefore, before he 
uses a particular instrument, ascertain 
whether it operates properly and determine 
its peculiar limitations. This must be accom-
plished either by tests which he makes him-
self or which are made for him. There is a 

'See definition in section on Standards. 

sufficient diversity in instruments made by 
a single manufacturer to necessitate individ-
ual tests for each instrument. In many situa-
tions these tests must be made for the user, 
who frequently may not have the equipment 
and training to make them for himself. Thus 
we see that standards of radioactivity, and 
tests of instruments with which these stand-
ards are used, are both essential to absolute 
measurements of radioactivity. 
It is the purpose of this paper to describe 

some of the standards of radioisotopes al-
ready available; to outline the program for 
producing additional items in this list, and to 
discuss some of the precautions required in 
the correct use of these standards. This is 
followed by a description of some of the tesis 
required for a few types of instruments, in-
cluding the equipment used for this purpose. 

STANDARDS OF RADIOACTIVI TY 

A radioactive standard is conveniently 
defined as a specimen of a given radioisotope 
for which the amount of the isotope present 
has been determined quantitatively. An il-
lustration is provided by the National Ra-
dium Standard which is deposited at the 
National Bureau of Standards. In 1913 
Madame Pierre Curie prepared some very 
pure radium salts which were used to deter-
mine the atomic weight of radium. Several 
hundred milligrams of these salts were used. 
After the work of determining the atomic 
weight was completed, this material was di-
vided into a number of portions, each por-
tion carefully weighed and sealed in a glass 
tube. These were then primary standards of 
radium, since the number of milligrams of 
the isotope radium in each tube had been 
accurately determined. This method of pre-
paring a standard could be used for radium 
since the amount of radium, in equilibrium 
with its decay products, which produces a 
conveniently useful amount of radiation is of 
the order of several milligrams. This is a di-
rect result of the slow rate of disintegration 
of radium. 
A little consideration shows at once that 

the gravimetric method of determining the 
amount of radioisotopes will fail for those 
isotopes which disintegrate more than 100 
times as fast as radium. We might consider 
Co" as an example. A sample of radium con-
taining 10 mg of the isotope will have 2.66 
X10" atoms of the isotope. The number of 
atoms disintegrating per second will be this 
number multiplied by X, the decay constant 
for radium. This constant has the value 
1.36x 10-" per second. Hence, the disinte-
gration rate per second for 10 milligrams of 
radium  is 2.66 X 10"X 1.36 X 10-" 3.61 
X10°. We will now compute the weight of an 
amount of Co" which has the same rate of 
disintegration. The decay constant for Co", 
assuming a half-period of 5.3 years, has the 
value of 4.15 X10-0 per second. The-number 
of atoms required is, therefore, 

3.61 X 104  
a.  4.15 X 10-1  8.70 X 10" atoms. 

Since there are 10" atoms in a grain of 
balt, the weight of this amount is 

8.7 X 10" 

10" 
8.7 X 10-4 grams. 

CO-

A microchemical balance of highest sensitiv-
ity, used under the most exacting conditions, 
would be required to determine this weight 
to an accuracy of a few per cent. 
Co" has a half -period of 5.3 years. Many 

radioisotopes in use today have half-periods 
of a few days. The gravimetric method is out 
of the question for them. This leads to a con-
sideration of radioactive methods of deter-
mining the amount of a radioisotope. We al-
ready have an example of this in the mem-
bers of the decay chain of radium. For ex-
ample, polonium has a half-period of approx-
imately 140 days. Although it cannot be 
weighed, its rate of disintegration can be de-
termined by measuring the rate at which 
alpha particles are emitted. The amount of 
polonium in equilibrium with 1 gram of ra-
dium, in analogy to the case of radon, is 
defined as 1 curie of this isotope. The rate of 
disintegration of 1 curie is the same as for 1 
gram of radium; that is, 3.61X 10" disinte-
grations per second. Hence, the number of 
millicuries in a preparation of polonium can 
be ascertained by measurements of the ra-
dioactivity in terms of rate of disintegration. 
If necessary, the number of atoms present 
can be computed by dividing this rate by the 
disintegration constant. 
In principle, this method of measurement 

may be extended to any radioisotope. How-
ever, the details become more complicated 
when applied to those isotopes which do not 
disintegrate by the cmissoin of alpha parti-
cles. Those isotopes which emit beta rays or 
positrons, or which disintegrate by electron 
capture, frequently have complicated disin-
tegration schemes which do not permit a 
simple computation of the disintegration 
rate from measurements which can be made 
of the radiations emitted. 
Even in the simple case of an isotope 

which disintegrates only by emitting beta 
particles of a single maximum energy, the 
nature of the continuous spectrum of nuclear 
beta rays introduces a difficulty. These beta 
rays are emitted with all energies from zero 
to the maximum. Any convenient detector 
for measuring the rate at which they are 
emitted will fail to detect those below a cer-
tain minimum energy. This energy depends 
on the characteristics of the detector and the 
amount of absorber between the source and 
the active volume in which the particles are 
detected. Furthermore, these particles are 
emitted with an equal probability in all di-
rections. This requires an accurate determi-
nation of the solid angle subtended by the 
detector window at the source. Proceeding to 
the more complicated modes of disintegra-
tion, where two or more beta rays of differ-
ent maximum energies are emitted, each fol-
lowed by one or more gamma-ray transitions 
before the stable, nonradioactive state is 
reached, other difficulties appear. 
One of the most serious is that some of 

the gamma rays may be internally con-
verted. This process consists in the ejection 
of a shell-electron from the atom by a gamma 
ray from the nucleus. Therefore, in place of a 
gamma ray, an electron is emitted with an 
energy equal to that of the gamma ray de-
creased by the binding energy of the electron 
in its shell. These conversion electrons thus 
have energies which are usually comparable 
with those of individual beta rays. In Ordi-
nary measurements with counters, they can-

I!: 
I 
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lot be distinguished from beta rays. This 
eads to erroneous determinations of disinte: 
;ration rates, unless an accurate correction 
s made for the conversion electrons. 
It is obvious that disintegration rates 

.zannot be determined unless all details of the 
iisintegration scheme are available. Fortu-
nately, the number of radioisotopes for 
which disintegration schemes are known is 
3teadily increasing, At present, however, 
they represent a small fraction of the known 
isotopes which might have practical use. 
The general situation is such that the av-

erage worker who needs to measure radioiso-
topes in absolute terms might well be 
discouraged.  His  difficulties  would  be 
removed if he had standards for each isotope 
to be measured. The measurements would 
then consist in mounting the sample to be 
measured in any convenient way with re-
spect to the detector, and observing the 
effect. A standard of suitable strength 
mounted in the same way would give the 
data to compute the disintegration rate of 
the sample. This procedure transfers many 
of the complications in regard to the meas-
urement of disintegration rates to the labo-
ratory which prepares the standards. 
The short half-lives of many of the arti-

ficially produced radioisotopes do not per-
mit the preparation of permanent or semi-
permanent standards. These can be pre-
pared for such isotopes as Co6° and Nan, 
where the half-life is of the order of years. 
For those isotopes having-half-periods meas-
ured in days, resort must be made to stand-
ardizing expendable samples which are 
distributed by a standardizing laboratory at 
sufficiently frequent intervals to maintain 
the calibration of the measuring equipment. 

CALIBRATION OF STANDARDS 

Various methods are available for the 
calibration of standards. We will discuss typ-
ical examples of the more important of these 
to illustrate the principles. 
One of the most reliable methods of de-

termining absolute disintegration rates is the 
coincidence method. Perhaps an explanation 
of the meaning of the term "coincidence" in 
i this connection is justified. By referring to 
1 Fig. 1, which shows the disintegration scheme 
. of Co6°, we note that the disintegration oc-
k curs by the emission of a single beta ray 
I. which transforms the nucleus into Ni6°, and 
,,,that the nucleus of the newly formed nickel 
/ atom emits two gamma rays before it be-
comes stable. The nucleus is then said to be in 
: its ground state, which means that it has no iinternal energy in excess of that possessed by 
a stable nonradioactive nucleus. Actually, 
there must be a finite interval of time be-
tween the emission of the beta ray and the 
o subsequent emission of the gamma rays, 
i since we know that the shell-electrons in the 
t newly formed nickel atom have had time to 
i arrange themselves in the levels appropriate 
/ for this atom, which differ distinctly from 
t the levels of the cobalt atom. However, this 
t interval of time is too short to measure by 
'many conventional methods, and is probably lof the order of 10-1  second. Consequently, 
for all practical purposes the gamma rays in-
stantaneously follow the beta ray with which 
they are associated. This means that, under 
favorable conditions, it should be possible to 

C0 0°  

Fig. 1—Disintegration scheme for Co60. In 
this disintegration a single beta-ray 
spectrum is emitted with a maximum 
energy of 0.3 Mev. Each newly formed 
nucleus of Ni" emits two gamma rays, 
immediately bringing the nucleus to the 
ground state. 

detect a gamma ray which is emitted simul-
taneously, within the limits of the resolving 
power of usual arrangements for detection, 
with a beta ray. This supposition has been 
confirmed. The determination of the rela-
tive number of these simultaneous events is 
called a coincidence measurement. In addi-
tion to beta-gamma coincidences, it is obvi-
ous that gamma-gamma coincidences occur 
in the disintegration of Co6° and, in princi-
ple at least, it should be possible to observe 
them. The disintegration of Co6° follows 
what is called a simple disintegration scheme, 
since it involves only one beta ray. In more 
complex schemes the details can frequently 
be unravelled by a study of the coincidence 
rates between the various radiations emitted. 
The coincidence method can only be used 
for those isotopes emitting beta rays fol-
lowed by one or more gamma rays. It is most 
reliable when no measurable amount of the 
gamma rays suffers internal conversion. 
Consider an arrangement in which a beta-

ray counter and a gamma-ray counter, re-
spectively, detect beta particles and photons 
from the same source. These counters are 
connected to electronic equipment which 
will record the photons and beta particles 
independently. It also records the coinci-
dences between the two counters. Fig. 2 
shows a block diagram of the equipment. 
The observations are corrected for counter 
backgrounds, chance coincidences, and cos-
mic-ray coincidences. Let N be the actual 
disintegration rate of the source, A the rate 
of the gamma counter, and B and rate of the 
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Fig. 2 —Block diagram of a coincidence..cir-
cuit for determining ft-7 coincidences. 

beta counter; En. represents the over-all ef-
ficiency of the gamma-ray counter, and 
that of the beta-ray counter. For present 
purposes we need not know the actual value 
of these efficiencies, which are defined as the 
fraction of the total number of particles or 
photons emitted which are detected by the 
respective counters. 
Then we have 

A= NE.,  or 

B = NE8 

A 
• = 

E0 = 

If C is the coincidence rate, 

whence 

Or 

A B 
C = NE,E0= 1 V  I 

N N 

NC 
N =    

A B  ▪ AB 

NN 

AB 
N = -- • 

Thus the absolute disintegration rate is ob-
tained by dividing the product of the rates of 
the rates of the two counters by the coin-
cidence rate. The efficiencies do not appear 
in the final result. 
For an isotope which emits only beta 

rays, the absolute disintegration rate can be 
obtained by counting all particles in a defi-
nite geometry under conditions where all 
absorption and scattering effects have been 
reduced to a negligible amount. The simplest 
geometry is that which includes all particles 
in the 4r solid angle about the source. In 
practice, this is a little difficult to obtain, 
since the source must be supported. The 
effect of the support can be reduced by mak-
ing it very thin. One satisfactory way to 
make measurements of this type is to use a 
large evacuated chamber with the source 
mounted on a very thin support at the cen-
ter. The rate at which the source and sup-
port acquire electric charge is then a meas-
ure of the disintegration rate. This requires 
moderately strong sources for accurate re-
sults. A modification of this principle of us-
ing a definite geometry is to set up a series of 
apertures which define a small solid angle, 
which can be computed from the dimensions. 
The region in which the beta rays travel to 
the detector is evacuated. If the detector has 
a window of a thickness less than 0.5 mg/ 
cm' and the maximum energy of the particles 
is of the order of 1 Mev, only a small fraction 
of the particles emitted in the defined angle 
will miss detection as the result of absorp-
tion. This method is not very satisfactory for 
beta rays whose maximum energy is much 
less than 1 Mev. 
The problem of calibrating standards in 

terms of disintegration rates becomes more 
difficult when we deal with radioisotopes 
which emit beta rays in tw.) or more continu-
ous spectra with different maximum ener-
gies, each followed by several gamma rays. A 
very careful study of the disintegration 
scheme is required in order to devise a coin-
cidence arrangement which will give meas-
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urements which can be interpreted in terms 
of disintegration rates. This problem is 
further complicated when some of the 
gamma rays undergo internal conversion. 
The conversion electrons usually will be of 
sufficient energy to be detected in the beta-
ray counter. The relative number of these 
conversion electrons must be determined, 
and a correction made for their contribution 
to the particles recorded by the beta-ray 
counter used. 
The problem of producing standards for 

radiosotopes has become much more com-
plicated than that of preparing standards of 
radium, as far as physical measurements are 
concerned. The chemical balance has been 
replaced by instruments for determining the 
rate of disintegration of the sample under-
going standardization by measurements on 
the radiition emitted. Since many radioiso-
topes do not have half-periods which permit 
the preparation of permanent standards, the 
production of standards is a continuous proc-
ess which must be repeated periodically. 
The demand for radioactive standards is 

naturally greatest for those radioisotopes 
which are used in relatively large amounts, 
under conditions where absolute measure-
ments are required. A tentative list of such 
radioisotopes is given below. 

Half-Period 
C"  about 6000 years 
Nan  14.8 hours 
P 32  14.3 days 
S 33  87.1 days 
Ca"  180  days 
Fe89 42.5 days 
Coo  5 .3 years 
pat  8.0 days 

All of the isotopes in the above list can be 
produced in a pile. Thus they can be made 
available in large amounts, which accounts 
in part for their extensive use. If radioiso-
topes are produced in comparable quantities 
in cyclotrons, there are a number of other 
radioisotopes which may become widely 
used. The most important of these, at pres-
ent, is Nan (3.0 years). 

0 4 and Pm are used extensively for bio-
logical and medical investigations, and 
standards of these isotopes are therefore 
needed. The National Bureau of Standards 
has a program for the development of stand-
ards for O s. At present it appears that these 
standards will be most useful if prepared as 
calibrated expendable samples, rather than 
as permanent standards. Although the long 
half-life would permit permanent standards, 
it is difficult to prepare samples of com-
pounds containing radioactive carbon in 
which the ratio of the active to the inactive 
isotope remains constant. For example, solid 
deposits of barium carbonate might be used 
as standards. In use these would be exposed 
to the atmosphere, and it is known that such 
samples exchange CO2 with the atmosphere 
in the presence of moisture. Therefore, they 
would gradually lose C 14 atoms with use, 
even if stored in a dry atmosphere when not 
in use. The problem of providing specific 
forms of standards for all types of possible 
uses becomes so complicated that some sim-
plification is required. Some investigators 
need to use the standard in the form of CO2, 
and others need to prepare their working 
standards to conform to the requirements of 

a specific type of measuring equipment. For 
the present, it is proposed to furnish these 
standards in the form of calibrated solution 
of sodium carbonate sealed in glass ampoules. 
The calibration will give the disintegration 
rate per milliliter, so that definite amounts of 
this solution can be removed and converted 
into a working standard of the desired form. 
In the case of P31, the short half-period 

precludes the preparation of permanent 
standards, and calibrated expendable sam-
ples must be used. Although Pm emits both 
beta rays and gamma rays, and therefore 
should be susceptible of calibration by coin-
cidence methods, the disintegration scheme 
is complicated by the presence of two Leta 
rays and a number of gamma rays, some of 
which undergo internal conversion to a 
measurable degree. When the details of this 
scheme are completed, a satisfactory coin-
cidence method for calibration can be made 
available. Present information allows cali-
bration to ± 5 per cent. 
The National Bureau of Standards has 

made several distributions of identical sam-
ples of 11" over the past two years. The re-
ported results reveal a disagreement in 
measurements approaching a factor of 2. 
These disagreements are to be attributed, in 
part, to the lack of suitable standards with 
which to compare the activity of samples of 
Pm. It has been indicated that the use of a 
standard of one isotope to calibrate a quan-
tity of a different isotope may lead to serious 
errors. Therefore, if one attempts to measure 
113' with a RaD 1-E standard which has a 
very different beta-ray spectrum from th it 
of iodine, a considerable number of correc-
tions and precautions are required to obtain 
results that are not in error by more than 20 
per cent. 
It is, therefore, obvious that many of t he 

possible sources of error can be eliminated, if 
calibrated samples of 1131 are used for the• 
measurements. Using such samples, the re-
sults should be free from serious errors if the 
unknown and calibrated samples are com-
pared under identical conditions. If this re-
quirement is complied with, no corrections 
need to be applied to the data used in com-
puting the disintegration rate of the un-
known sample. This reveals the need for a 
distribution of calibrated samples of this 
isotope at intervals of the order of every few 
months. Work is in progress to prepare and 
distribute such samples. 
pa emits only beta rays in a single spec-

trum with a maximum energy of approxi-
mately 1.7 Mev. This isotope therefore can-
not be calibrated by coincidence measure-
ments. The most convenient method of cali-
bration is counting the beta particles in 
definite solid angle with corrections for ab-
sorption and scattering. Those using P 32  can 
make a fairly accurate measurement of quan-
tities deposited by evaporation, using the 
RaD 4-E standards prepared by the Na-
tional Bureau of Standards. These standards 
contain a measured amount of RaD. Within 
a month of perparation, RaE grows into 
equilibrium with the RaD, so that the dis-
integration rate of the RaE is known. Fig. 3 
shows one of the standards and two blank 
disks on which standards are deposited. The 
RaD is deposited on the palladium face of 
a silver disk 1/16 inch thick and 1 inch in di-
ameter, faced with a layer of palladium 

4=0 

4110  41100 

Fig. 3—Ra D(pb21°) RaE(Bin°) standards. 
Two of the disks are blank and the third 
has a circular deposit of lead, part of 
which is Pb21°. Approximately one month ik 
after preparation, RaE is in equilibrium II 
with the RaD, after which the activity 
decays with the half-period of RaD 
(22.2 years). Blank silver disks are used it 
to mount deposits for comparison of ac-
tivity with the standards. 

0.002 inch thick. The deposit is circular and', 
approximately 12 mm in diameter. It is lo-
cated centrally on the face of the disk. This 
disk provides saturation back-scattering of r 
the beta particles. If the phosphorus is de-
posited on a similar disk the back-scattering 
correction is reduced to a few per cent. These , 
RaD±E standards can be used for mod-
erately accurate measurements of isotopes 
which disintegrate only by beta ray or posi-
tron emission when the spectrum is simple 
and has a maximum energy near that of the 
RaE spectrum. Appropriate absorption cor-
rections must be applied in each case. The 
absorption correction is determined experi-
mentally at the time of comparison by ex-
trapolating the beta-ray absorption curve to 
zent thickness of absorber. 
It should be noted that these standards 

emit soft beta rays from RaD, and alpha 
particles from the polonium which is grow-
ing in them. Therefore, they must always be 
used with a filter which excludes these radia-
tions from the counter. A layer of aluminum 
0.001 inch thick is adequate for this pur-
pose. 
Fig. 4 shows a series of radium gamma-

ray standards consisting of 5 milliliters of 
solution sealed in Pyrex ampoules. Ranging 
from 0.1 micrograms to 100 micrograms, 
they are intended for gampla-ray measure-
ments of radium. Since the solution does not 
completely fill the ampoule, radon collects 
in the air space above the solution, produc-
ing an uneven distribution of activity. This 
disadvantage can be overcome by shaking 
the solution vigorously several minutes prior 
to use. 
Radium in amounts less than 10-8 grams 

is most accurately determined by measuring 
the production of radon from the radium salt 
in solution. The standards required for this 
measurement consist of a solution containing 
a known amount of radium. Fig. 5 shows two 
standards and a blank solution. The radium 
is contained in 100 milliliters of solution, one 
standard having a total radium content of 
10-8 grams, the other 10-n grams. Nearly all 
water, no matter how carefully distilled, con-
tains measurable amounts of radium. There-
fore, ordinary distilled water cannot be used 
to rinse the flasks containing the standards 
when transferring the solutions to the ap-
paratus in which it is to be used. To do so 
might involve a risk of adding several per 
cent to the amount of radium in the stand-
ard. This difficulty ig removed by the use of 
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t Fig. 4—Gamma-ray standards. Microgram standards of radium. 
The standards cover a range from 0.1 to 100 micrograms of radium, 
and are used for gamma-ray measurements of radium. 

"blank" solutions sealed in flasks similar to 
the standard. The amount of radium in these 
solutions has been measured and found to be 
0.25X10-12  grams of radium. This amount is 
insignificant compared with 10-9 grams of 
radium in the larger standard, but it must be 
taken into account when used with the 10-" 
gram standard. 
The only other isotope for which the Na-

tional Bureau of Standards has prepared 
calibrated standards at present is Co". This 
isotope lends itself readily to the coincidence 
method of calibration. The current stand-
ards are gamma-ray standards, since they 
consist of a 5-milliliter solution sealed in a 
glass ampoule. The solution from which 
these standards were prepared was measured 
in three different laboratories by the coinci-
dence technique with agreement in the re-
sults of the order of 1 per cent. They are 
available in two sizes; 1.5 rutherfords and 
0.15 rutherford. Typical ampoules are shown 
in Fig. 6. 
The rutherford (rd) is a unit recom-

mended by the National Bureau of Stand-
ards for expressing quantities of radioiso-
topes other than members of the radium 
family. It is defined as the amount of a ra-
dioisotope undergoing 109 disintegrations per 
second. It is, therefore, a decimal unit which 
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Fig. 6—Co9° standards. The cobalt solution 
is sealed in a glass ampoule which then 
serves as a gamma ray standard for meas-
urement of solutions of Co". 
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Fig. 5—Radon standards. These flasks contain 10-" and 10-9 grams 
of radium in 100 milliliters of solution. The blank solution has a 
measured low radium content, and is used for rinsing when trans-
ferring the standard solution to the apparatus in which it is to 
be used. 

facilitates computations. It is also of a con-
venient magnitude for expressing quantities 
of a radioisotope usually handled and meas-
ured in the laboratory. For example, a sam-
ple which can be conveniently measured by 
an end-window Geigeri-Muller counter is of 
the order of 0.1 to 0.4 millirutherford. Tracer 
quantities are of the order of 1 rutherford. 
Therapeutic doses are of the order of 100 
rutherfords. In addition to covenience there 
is another reason for the introduction of a 
unit which is uniquely defined in terms of 
disintegration rates. This is the widespread 
misuse of the curie. It has become fairly 
common to use the curie to refer to quanti-
ties of radioisotopes when the disintegration 
rate has not been measured. It is even used 
frequently when disintegration rates cannot 
be measured. It has been pointed out that a 
complete knowledge of the disintegration 
scheme is necessary before a disintegration 
rate can be measured by .radioactive meth-
ods. Therefore, when we see quantities of iso-
topes expressed in curies for which disin-
tegration schemes are either partially or 
wholly unknown, we can only conjecture 
as to the quantities intended. Generally, 
such statements have no meaning and 
only lead to confusion. Finally, there is 
still considerable uncertainty regarding the 
value of the curie when used as a unit disin-
tegration rate. Logically, from its original 
definition as "the quantity of radon in equi-
librium with 1 gram of radium" it has the 
value of the disintegration rate of 1 gram of 
radium. Values for this figure varying from 
3.4 to 3.8X 1010 have been reported by com-
petent investigators. The most recent value 
is 3.61 X 10'°. The value 3.4X 10'° is still in 
current use. An attempt to smooth over this 
situation has been made by adopting 3.700 
X10'° as an arL itrary figure. However, re-
cently Madame Joliot-Curie has proposed an 
"international curie" to have the arbitrary 
value 3.600X 10". The result of this situa-
tion is that it is incumbent on each author of 
a paper to state the value of the curie which 
he uses. The rutherford eliminates this dif-
ficulty, since it is not associated with any 
natural constant, the value of which may 
fluctuate with the precision of measurement, 
or the arbitrary selection of different values 
by different authors. 

TESTING OF INSTRUMENTS FOR RADIOACTIVE 
MEASUREMENTS 

Instruments used in the measurement of 
radioactivity may vary from the simple gold 
leaf or quartz-fiber electroscope to the com-
plicated assembly of electronic equipment re-
quired to operate a Geiger-MUller counter 
and record the pulses from it. Devices which 
use ionization chambers as the sensitive ele-
ment also frequently employ electronic cir-
cuits to detect the required direct-current 
potentials produced in the measurement of 
the ionization currents. In the more complex 
assemblies, over-all checks may reveal either 
satisfactory or unsatisfactory operation, but 
in cases where performance falls short of that 
expected or required, detailed tests must be 
made of each component. In any case, a 
laboratory testing equipment of this type 
must be prepared to test the various com-
ponents, since they are frequently purchased 
separately from different manufacturers. 
The nature of the problems encountered 

can be presented by a discussion of a few 
typical cases. A good example is the equip-
ment which is required for the operation of a 
Geiger-Muller counter when the actual num-
ber of pulses are to be recorded. The block 
diagram in Fig. 7 shows the essential com-
ponents of this equipment. They may be ar-
ranged in separate units as indicated in the 
figure, or these components may all be assem-
bled in a single unit. Although the trend is 
toward consolidation, there are commercial 
firms which manufacture scalers only, others 
which make mechanical registers, and still 
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Fig. 7—Block diagram showing essential 
components of Geiger-Muller counting 
equipment. 
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Fig. 8—Geiger-counter scaler assembly with all components in a single chassis. 
T—electric timer; V—high voltage voltmeter; M—mechanical register; 5— 
interpolation lamps of scaler. 

others that make only electric timers. Also, 
there are a number of firms which make 
Geiger-Muller tubes but none of the acces-
sory equipment. The nature of the tests re-
quired on each component will be given. A 
scaler in which all components are mounted 
in a single chassis is shown in Fig. 8. 
We will start with the detector of radia-

tion, the Geiger-Muller tube. These tubes 
fall into general classifications which differ in 
structural form, depending on whether they 
are designed to detect and record gamma 
rays or beta rays. Although a counter de-
signed to detect beta rays is also sensitive to 
gamma rays, its efficiency for detecting beta 
rays is of the order of 50 to 100 times that for 
gamma rays, so that the effect of gamma rays 
is usually neglected. Gamma-ray counters 
are usually totally insensitive to beta rays of 
the usual energies. The basic principles on 
which these two types of counters operate 
are the same. Consequently, some tests are 
common to both types. One of the principal 
tests which is common to the two types is 
related to the characteristic curve of the 
Geiger-Muller counter, or plateau, and pulse 
height. 
The plateau curve shows the pulse rate of 

a counter plotted against the voltage applied 
to the counter for a steady intensity of radia-
tion on the counter. A typical plateau is 
shown in Fig. 9. The voltage Tat which the 
counter begins to respond to the radiation is 
referred to as the starting voltage of the 
counter. Above this voltage the counting rate 
rises rapidly for a short interval of voltage, 
and then at A levels off in a gradually sloping 
line to a point B, where further increase in 
voltage produces another rapid rise in count-
ing rate. The portion A to B of the curve is 
called the "plateau." The desirable features 
for this characteristic are that the value of T 
should remain fixed fora given counter; that 

the slope of the curve from A to B should be 
small (of the order of 1 or 2 per cent per hun-
dred volts), and that the length of the pla-
teau AB should extend over 200 to 300 volts 
In addition, the counter is required to give a 
single clear-cut pulsef or each response to 
radiation. Multiple pulses are objectionable 
since they reveal that the counter is not func-
tioning as a true Geiger-Muller counter, and 
because they either increase the dead time of 
the counter or falsify the measurements. 
The dead time of a Geiger-Muller counter 

is the time after the production of a pulse 
during which the counter is in a state where 
it cannot produce a pulse, even when radia-
tion has produced ions in the sensitive vol-
ume. This dead time is a direct result of the 
quenching mechanism of the counter which 
causes a discharge in the counter to cease 
abruptly, resulting in a definite electrical 
pulse. This time varies from about 10-3 to 
10-4 second for current types of counters. It 
is desirable that the dead time be as short as 
is consistent with proper operation of the 

Voltage on Counter 

Fig.  9—Plateau  of  the  Geiger-Muller 
counter. T—starting voltage; A-B— 
working region. 

counter, since the length of the dead time de-
termines the number of lost counts at a given 
steady average counting rate. If the counter 
is to be operated at rates where the lost 
counts are a measurable percentage of the 
total counts, the length of the dead time must 
be known to make a computed correction to 
the observations, in order to obtain the true 
number of counts. 
From considerations similar to those out-

lined above, we arrive at the following tests 
which are required of all types of Geiger-
Muller counters for their use in quantitative 
measurements. 
I. Determination of Background Counting 

Rate: The actual background counting rate 
of a counter may be considered as made up of 
three factors: (a) the intrinsic background 
rate; (b) response to cosmic rays; and (c) the 
response to local distributed radioactivity. 
The actual rate will depend on the condition 
under which the counter is used. Response to 
cosmic rays and local radioactivity can be 
controlled to a considerable extent by shield-
ing. They are, therefore, under the control 
of the user to a certain degree. He has no 
control over the intrinsic background rate, 
which is produced by radioactive radiations 
originating within the counter. This rate can 
be controlled only at the time the counter is 
constructed by selecting materials with low 
natural radioactivity, and by using careful 
techniques to avoid the introduction of ra-
dioactive contamination into the counter. 
The background rate controls the lower limit 
of the net detectable counts from a source, 
which for many applications is important. 
Therefore, the intrinsic background rate 
should be low. 
The test for intrinsic background rate is 

the obvious procedure of placing the counter 
inside a heavy lead shield to screen off local 
radioactive radiations and to reduce the re-
sponse to cosmic rays. In this way the lowest 
background rate which can be expected un-
der laboratory conditions is obtained, lithe 
intrinsic background is excessive, this test 
reveals it immediately. It is obvious that the 
intrinsic background depends on the area of 
the interior surfaces of the counter. Beta-ray 
counters with a tube of about 1 inch diame-
ter and 21 inches long may have an over-all 
background when shielded with 2 inches of 
lead, of from 0.3 to 0.5 counts per second. 
2. Determination of Plateaus for Geiger-

Muller Counters: The procedure for obtain-
ing the plateau of any type of counter is es-
sentially the same. The measurements are 
made with the counter exposed to a con-
stant source, which gives a convenient count-
ing rate. A scaler and mechanical register are 
used to record the counts. Before measure-
ments can be started, it is necessary that the 
high voltage be applied to the counter and 
adjusted to the value at which the counter 
begins to count, called the starting voltage. 
This voltage is sometimes called the threshold 
voltage, but it seems better to reserve the 
latter term for the voltage at which all 
pulses first become of uniform height in the 
counter. The threshold thus defines the be-
ginning of the true Geiger-Mtiller region. 
The starting voltage must be applied to the 
counter bra period of 15 to 20 minutes to al-
low electric charges on various insulating 
parts to assume steady values. This is true of 
both the beta-ray and gamma-ray types of 
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:ounters. During this period the starting 
voltage is subject to slow changes. When this 
itarting voltage has become constant, it is 
safe to assume that static charges hay-
reached an equilibrium value. 
The procedure for making the observa-

tions consists in raising the high voltage by 
ipproximately equal arbitrary steps, of the 
prder of 25 volts. At each voltage the time 
required to record a fixed number of counts 
is observed. The number of counts depends 
on the statistical accuracy required. For a 
standard deviation of 1 per cent, a total of 
10,000 counts must be recorded for eich 
point. In recording the data for the plateau 
it is essential to watch for a sudden increase 
in the counting rate carefully as the voltage 
is increased. Most counters in use today are 
readily ruined if voltages above those cor-
responding to the plateau are applied. The 
resulting excessive rate quickly destroys the 
organic vapor used for quenching. 
The usefulness of a counter depends on 

the length of the plateau and its slope. The 
slope may be defined as the percentage 
change in counting rate per 100 volts change 
in the high voltage. A counter can be ex-
pected to have a slope of the order of 2 or 3 
per cent per hundred volts over a range of at 
least 200 volts. 
When plateaus must be plotted for large 

numbers of counters, it may be convenient 
to do this automatically. A device for the 
purpose has been described by Crits and 
Newlin.2 A rate meter wilh a recording mi-
croammeter is used to draw a curve of the 
counting rate versus the time. The voltage 
applied to the counter is automatically in-
creased by one step every 15 or 20 seconds 
by means of an automatic timer. A rate me-
ter connected to the counter actuates a re-
corder which draws a curve consisting of a 
series of steps. The steps are large at the 
beginning of the characteristic, small in the 
region of the plateau, and larger above the 
plateau. To protect the counter from exces-
sive voltages, a relay is arranged to discon-
tinue the operation when the rate meter ex-
ceeds a predetermined reading. This equip-
ment also could be arranged to proceed from 
one counter to another and draw the pla-
teaus for a considerable number of counters 

0 without attention from the operator. 
3. Effects of Changes of Temperature on 

Counters: The starting voltage of most Gei-
ger-Muller counters depends on the tempera-

kture. This is particularly true of self-quench-
ing counters which use an organic vapor as a 

I quenching agent. A shift of the starting volt-
age tends to move the whole plateau curve to 

I the right or left, with respect to the voltage 
0 applied to the counter. If the temperature 
0 effect is large, a change of temperature of a 
i few degrees during operation may throw the 
, counter entirely off of the plateau. In an 
• case, it will affect the counting rate to an ex-
tent dependent on the temperature coeffi-
cient, the temperature change, and the slope 
of the plateau. Therefore, it is important to 

i know the effect of temperature on the count-
I ing properties of the counter. 
ty.  For determination of the effects of tem-
perature, it is convenient to mount the 

) counter in a roomy box, well-insulated ther-

" G. J. Crits and G. C. Newlin, "Recording type 
automatic Geiger tube calibrator," U. S. Atomic En-
ere, Commission Report 2025; 1948. 

Fig. 10—Chamber with controlled temperature for determining the effect of tem-
perature on Geiger-Muller counters. T—temperature control unit; B—tem-
perature chamber; C—copper coil; G—M—Geiger-Muller counter ready to be 
lowered into chamber; S—scaler; L—lid of chamber. 

mally. To control the temperature, a coil of 
copper tubing is mounted inside the box. The 
coil consists of a large number of turns 
mounted near the walls and extending over 
the greater part of the interior surface. The 
air inside the box is circulated rapidly by a 
fan, to aid in decreasing the time required 
for temperature equilibrium. Liquid at a con-
trolled temperature is pumped through the 
copper coil. For most applications, tests con-
ducted between 0°C and 30°C give ade-
quate information. When operating at the 
lower temperatures it is essential to have a 
drying agent, such as silica gel, inside the 
thermal chamber to prevent condensation 
of water on the counter and leads. The 
temperature of the interior of the box is 
measured by several thermometers extend-
ing through the wall. No observations are 
made until these thermometers show a 
steady and uniform temperature. A photo-
graph of this chamber is shown in Fig. 10. 
To determine the temperature coefficient 

of the starting voltage, a constant source is 
mounted in a fixed position, chosen to give a 
counting rate of approximately 50 counts per 
second at the middle of the plateau. With the 
interior at the desired constant teniperature, 
the data required for plotting the plateau 
are taken. This gives not only the effect of 
the temperature on the starting voltage, but 
reveals any effects on the lengths and slope 
of the plateau. With some filling mixtures, 
such effects are noticeable. For those count-
ers where the principal effect of change of 
temperature is to alter the starting voltage, 
a temperature coefficient of 4 or 5 volts per 
°C is usually considered acceptable, al-
though counters which have a lower coeffi-
cient have been encountered. 
4. Dead-Time Measurements: As has 

been indicated, a knowledge of the dead time 
of a counter is often useful. Wherever a 
counter is operated at a counting rate such 
that the loss of counts due to dead time is 
appreciable, it is necessary to make a cor-

rection for this loss. Actually, the resolving 
time of the counter depends on the sensitiv-
ity of the equipment used to detect the 
pulses in the counter. The difference be-
tween the two is usually small, and the re-
solving time can never be less than the dead 
time. The relation between them is illus-
trated in Fig. 11. 
The simplest observation of dead -time is 

made according to the method developed by 
Stever,' using an oscilloscope provided with 
an external synchronization terminal and a 
driven sweep. The center wire is coupled 
through a capacitor of adequate voltage rat-
ing to the y-axis terminals of the oscillo-
scope. The amplified pulses from the counter 
are simultaneously applied to the external 
synchronization terminal. This results in the 
triggering of the sweep for each pulse. A 
source is placed near the counter to give be-
tween 100 and 200 counts per second. The 
pattern on the scope is that shown in Fig. 11. 

Fig. 11—Diagram showing recovery of a 
Geiger-Muller counter, subsequent to an 
initial pulse. In the interval labeled "dead 
time" no other pulse appears. The re-
covery time is determined in part by the 
size of the pulse which can be detected 
by the indicating circuit. The recovery 
time is determined by the time required 
for the pulses to regain their original 
size. 

H. G. Stever, 'The discharge mechanism of fast 
G-M counters from the deadtime experiment,' Phys. 
Rev., vol. 01, pp. 38-52; January. 1942. 
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Fig. 12—Oscilloscope equipped with camera for photographing 
dead-time patterns. 0—oscilloscope; C—camera; H—high-
voltage capacitor; S—scaler; G—M—coun ter under test. 

The duration of the sweep should be about 
1000 microseconds with time markers each 
10 or 100 microseconds. The measurement 
consists in photographing the pattern on the 
screen and measuring the time intervals on 
the negative. Fig. 12 shows equipment for 
photographing this pattern. 
For more accurate measurements, a 

method of electronic gating may be used. 
This refinement is not always necessary in 
the routine tests of counters, but it is helpful 
in investigations of factors which affect the 
dead time. By detection of small changes in 
dead time, it reveals the direction in which 
improvement has been achieved. This infor-
mation may result in further modifications 
which give still greater improvements. A 
suitable method for using electronic gating is 
described in a forthcoming issue of the Jour-
nal of Research of the National Bureau of 
Standards.4 
5. Measurement of Pulse Size: The sizes 

of the pulse in volts from Geiger-MUller 
counters vary from counter to counter, de-
pending on the size of the electrodes, the fill-
ing gas, and other constructional features. 
It is desirable to know the pulse size of a 

counter at some representative voltage, since 
this determines whether the counter can be 
used with a given amplifying and detecting 
equipment. The difference in voltage between 
the operating and threshold voltages is de-
fined as the overvoltage. The size of the 
pulses in a given counter increases with over-
voltage. Therefore, some definite part ofthe 
plateau must be selected in comparing pulse 
sizes in counters. A knowledge of this pulse 
size is needed to determine whether a counter 
can be used with a given amplifying and de-
tecting equipment. In addition, the pulse size 
is a function of the capacitance across the 
counter. Therefore, in making comparative 
measurements it is essential that observa-
tions be made for a definite fixed value of this 
capacitance, which includes a number of ele-
ments in an actual experimental arrange-
ment. These include the cable and coupling 
capacitors and those in the instrument used 
for observations. It is usual to select either 
50 or 100 laigf for this capacitance, and adjust 

I L. Costrell, "Accurate determination of the dead-
time and recovery characteristics of Geiger Muller 
counters," Jour. Res. Nat. Bur. Stand, vol. 42, pp. 241-
251; March. 1949. 

Fig. 13—Determination of input sensitivity of a scaler. 0— 
oscilloscope ; l'—vol t meter ; G —square-wave generator; 
scaler under under test. 

the connecting system to bring it to this 
value. Observations are usually made by ap-
plying the pulses to the y-axis amplifier of an 
oscilloscope for which the value of the de-
flections in millimeters per volt have been 
ascertaingd. A complete set of values for a 
number of arbitrary voltages covering the en-
tire plateau is taken. For purposes of com-
parison, the size of the pulse at the center of 
the plateau is a convenient parameter. The 
equipment for these measurements is shown 
in Fig. 13. 
6. Photosensitivity: Finally, it should be 

mentioned that it is desirable to ascertain 
whether counters are photosensitive. Such a 
test should be applied to all counters con-
structed in a way which permits light to 
strike the interior electrodes. When a counter 
is photosensitive, its response to light is usu-
ally manyfold greater than to radioactive 
radiations under usual conditions of opera-
tion. However, this is not always true and 
photosensitivity is not always recognized 
immediately. It may then lead to erroneous 
conclusions regarding the functioning of the 
counter or its associated equipment, and is 
always a possible source of error in measure-
ments. This defect of counters is readily de-
tected by enclosing the counter in a light-
tight shield provided with a small aperture 
through which light may be directed. A 
counter which is photosensitive must either 
be used in a light-tight enclosure or com-
pletely coated with opaque varnish. Since 
photosensitivity occasionally develops with 
use, it is a good precaution to screen all 
Counters from light unless they are con-
structed in such a way that light does not 
reach the interior. 
The above tests are appropriate for any 

type of Geiger-Muller counter. There area 
few tests, in addition, that may be applied to 
beta-ray counters only, and, similarly, one or 
two which relate to gamma-ray counters. 
For beta-ray counters, perhaps the most im-
portant is a measurement of the thickness of 
the window. In quantitative measurement 
with beta-ray counters it is important to know 
the thickness of the window to permit appli-
cation of corrections for absorption of beta 

particles in the window. This factor can be 
obtained most accurately and conveniently 
from measurements made before the window 
is mounted on the counter. This information 
is not always given by manufacturers of com-
mercial tubes. Therefore, it is advantageous 
to measure the thickness on a finished 
counter. 
One method of measuring the thickness 

of mica windows on end-window counters 
which has been applied with good results in-
volves the use of polonium alpha particles. 
This method can be applied to windows in the 
range of I to 4 mg/cm', which includes those 
used on most commercial counters. The pro-
cedure is to mount the counter in a rigidly 
fixed position, with the window end down. 
Below this a polonium source is mounted in 
such a way that its distance from the win-
dow can be determined accurately. The 
source can be moved vertically by means of a 
micrometer screw with a vernier scale cali-
brated in millimeters. A photograph of the 
arrangement is shown in Fig. 14. The counter 
is operated in the proportional region, where 
it only detects alpha particles, and pulses 
are recorded by use of a linear amplifier and 
scaler. The observations consist in plotting 
the counting rate against the distance of the 
source from the window. A typical curve is 
shown in Fig. 15. The steep part of this 
curve is extrapolated to the x-axis, which gives 
the extrapolated range of the polonium alpha 
particles minus the window thickness. The 
extrapolated range of polonium alpha par-
ticles is 3.897 cm at I5°C, 76 cm pressure.' 
The observations are corrected for tempera-
ture and pressure and subtracted from the 
above value for the range which gives the 
thickness of the window in centimeters of 
air. This value is converted to mg/cm2 to 
give the thickness in the units commonly 
used. This method has been applied to win-
dows of known thickness and gives excellent 
agreement. 
Optical methodscan be used formeasuring 

thin, transparent films, as has been pointed 

$ M. G. Halloway and M. S. Livingston. "Range 
and specific ionization of alpha particles," Phys. Rev.. 
vol. 54. pp. 18-37; January, 1938. 
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Fig. 14—Equipments for fficaitring thickness of mica windows in 
counters using a particles from polonium. G-M—mica window 
counter; P—polonium source; M—micrometer screw; A—lin-
ear amplifier; S—scaler. 

nit by Wood.' Recently, Brown and Wil-
oughby7 described a practical adaptation of 
.he procedure. The window is illuminated by 
m ordinary incandescent lamp at an angle of 
ncidence of 100. The reflected light, when 
iiewed by a small direct-vision spectroscope, 
shows a continuous spectrum crossed by in-
:erference fringes. The number of fringes 
3etween two lines in a comparison spectrum 
Ire counted. The comparison spectrum can 
ae obtained from a fluorescent light, and it 
is convenient to take the 577-ma yellow line 
, Ind the 436-ma blue line of mercury as refer-
nice points. An experimental curve gives the 
relation between the number of milligrams 
per square centimeter and the number of 
i fringes between the reference lines. W 
=weight in mg/cm2; p is measured density 
•of the mica =2.85; µ is the index of refrac-
tion =1.58;  is the angle of incidence; 

1  1  I  I 1  1 

10  IS  mm 
Difilonce from source to Window 

Fig. 15.—Graph showing the number of al-
pha particles detected as a function of the 
distance of the polonium source from the 
window of the counter. 

'It. W. Wood, "Physical Optics. • p. 192. 
F. W. Brown, Ill, and A. B. Willoughby, 'Opti-

cal method of determining thickness of Geiger tube 
windows." Rev. Sci. Instr., vol. 19. pp. 820-821; No-
vember, 1948. 

X1=577 ma; x2 = 436 ma; and n is the num-
ber of fringes. The formula for the curve re-
duces to 

mg 
W = 0.163n — 

cm2 

for an angle of incidence of 10°, where W 
= thickness in mg/cm2, and n is the number 
of fringes. 
For gamma-ray counters it is useful to 

know the relative efficiency of a counter for 
gamma radiation of various energies. This 
can be determined by coincidence measure-
ments between the pulses from the gamma-
ray counter and a beta-ray counter when 
both are exposed to the same preparation of 
a radioisotope emitting both beta and 
gamma rays, provided the energy of the 
gamma rays is known and the disintegration 
scheme is reasonably simple. Strictly, this 
method requires that the isotope emit a sin-
gle gamma ray, and relatively few radioiso-
topes have such a simple disintegration 
scheme. However, it is possible to find several 
which emit two or three gamma rays with 
energies near enough together to give a rea-
sonable average for the energy of the group. 
Among these are Nan, Nan, Con, and 
Au". The procedure consists in observing 
the counting rates of the two counters sepa-
rately and also the coincidences between 
them, using a Rossi-type coincidence circuit, 
illustrated in Fig. 2. The efficiency of the 
gamma-ray counter in the particular ar-
rangement used is given from the following 
considerations: 

Let A =counting rate of gamma counters 
B =counting rate of beta counters 
C= coincidence rate 
N= disintegration rate of source, 

which need not be known. 

If E., is the efficiency of the gamma 
counter and E8 that of the beta counter, 

A = E7N, B = EN and C = FiEpAr. 

Therefore, 

C  C 

or the efficiency of the gamma counter is the 
ratio of the coincidence rate to the counting 
rate of the beta-ray counter. This experiment 
can be repeated, maintaining a fixed geomet-
rical arrangement of counters and source, 
using radioisotopes emitting gamma rays of 
various energies to give the desired informa-
tion regarding the variation of sensitivity of 
the counter with the energy of the gamma 
rays. 
7. Test of Scalers: A scaler for use with 

counters usually consists of a number of 
stages, each containing two electron tubes, 
connected in a circuit so that only one can be 
in the conducting state. This arrangement 
permits each stage to transmit one-half the 
pulses which enter it. Therefore, the scaling 
ratio is 20 where n is the number of stages. 
Decade scalers consist of a modification of 
the scale-of-two connections in stages so that 
every tenth pulse is transmitted by a stage. 
Although there is usually some type of elec-
tron-tube amplification between the counter 
and the scaler, in practice this amplifier is in 
cluded with the scaler assembly. This permits 
operation of the counter by a direct connec-
tion to the scaler unit. Tests of the scaler 
unit therefore automatically include the am-
plifier. 
Scalers are usually tested to determine 

the minimum pulse voltage to which the 
scaler will respond as well as the maximum 
pulse voltage at which it fails to operate sat-
isfactorily. The minimum pulse on which a 
scaler will operate satisfactorily may be de-
termined by use of a square-wave generator 
of variable amplitude synchronized with the 
60-cps power line. The square pulses are 
passed through a differentiating network to 
convert them into pulses with a steep rise 
and an exponential decay with a time con-
stant of approximately 50 microseconds.The 
alternator of the square-wave generator is 
set for a minimum voltage output, and the 
pulse size increased gradually until the scaler 
responds accurately to the 60-cps rate. This 
pulse size is measured on a cathode-ray os-
cilloscope, and is the minimum input sensi-
tivity of the scaler. The pulses may then be 
increased in voltage until the scaler begins to 
show erratic operation, which gives the max-
imum voltage of pulse for the scaler. 
The input sensitivity may also be checked 

under actual operating conditions, using 
pulses from a Geiger-MUller counter. With 
a counter connected to the scaler, the volt-
age on the counter is set at approximately 
100 volts above the threshold. Assuming that 
the scaler then functions correctly, which 
can be checked by observing counting rates 
with sources of known ratios of intensity, the 
voltage on the counter is reduced until the 
scaler begins to fail to respond accurately. 
If this occurs while the counter is still op-
erating in the Geiger-Muller range, the 
pulses will still be of uniform height. This 
height can be measured with a cathode-ray 
oscilloscope, as before. 
The scaling accuracy is most simply 

checked by using a generator synchronized 
with the 60-cps power line and timed by a 
electric clock driven by the same supply. 
The pulse size is set at about 1 times the 
minimum input sensitivity, and the clock 
and scaler started simultaneously. At the 
end of an hour the elapsed time is compared 
with the recorded counts. If it is desired to 
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check the accuracy of scaling at other 
frequencies, a stable oscillator which can be 
set at a number of frequencies is substituted 
for the 60-cps synchronization, and the ob-
servations are repeated. Sometimes a scaler 
is found which will scale correctly over a 
small range of input pulses, but will fail for 
larger pulses. It is usual, therefore, to in-
crease the pulse size to several times the 
lower limit of input sensitivity in steps, and 
determine the scaling accuracy at each step. 
In the test of scalers it is important to 

check all control switches, particularly the 
"start and stop" switch, to ascertain whether 
the scaler starts reliably when this switch is 
thrown to the "start" position and whether 
this operation introduces spurious counts 
into the scaling stages. Commercial scalers 
have been encountered which do not always 
start scaling when this switch is thrown to 
the starting position. The introduction of 
spurious counts by the switch is also a defect 
encountered occasionally. 
It is desirable to check the operation of 

scalers over extended periods of time, since 
failures due to overloading components be-
come evident in this way. Continuous opera-
tion for twenty-four hours followed by the 
usual tests reveals defects of this type, and 
also reveal whether sufficient ventilation has 
been provided to prevent overheating. 
Most scalers operate satisfactorily over a 

rangc of from 90 to 130 volts on the power-
line input. In a few instances scalers have 
been encountered which become erratic if 
the line voltage fluctuates ± 10 volts. To de-
tect whether this characteristic is present, 
scalers are tested with the supply voltage at 
90 volts and at 130 volts, as well as at 110 
volts. 
The high-voltage rectifier is tested for 

regulation. Since counters usually have pla-
teaus with slopes of the order of 5 per cent per 
100 volts, it is important that the high volt-
age remain stable within better than 1 per 
cent for the fluctuations in power-line volt-
ages ordinarily encountered. A rough test of 
the stability can be made by using a volt-
meter of appropriate range and varying the 
supply voltage over a range of 90 to 130 
volts. If changes in the voltmeter readings 
are readily discernible, this usually means 
that the high voltage is insufficiently regu-
lated. Where it is desirable to determine the 
actual degree of regulation, a null-type dif-
ference voltmeter circuit is used. This per-
mits measurements of changes of less than 1 
volt in the high voltage. 
The above tests are also applied to ascer-

tain the stability of the high voltage with 
time for a constant regulated supply voltage. 
To obtain a satisfactory test of this kind, it is 
necessary to make observations on the high 
voltage over short intervals of time, say 
every minute, for 10 minutes, and over 
longer intervals of the order of every 10 min-
utes for an hour. Slow changes are detected 
by observations every hour over a period of 
several hours. 
If the high-voltage rectifier is supplied 

with a voltmeter, which is desirable, it is 
necessary to check the accuracy of this volt-
meter. This meter, to be of real use, must 
read standard volts to within a few per cent. 
It is usually relied upon to adjust the voltage 
for operation of a new counter. If it is off by 
more than a few per cent, there is danger of 

applying an excessive voltage to the counter 
before the operating range for the counter has 
been ascertained in terms of the inaccurate 
meter. It is equally important that the errors 
be uniformly distributed over the scale. The 
voltmeter can be checked at a number of 
readings by use of a calibrated voltmeter of 
high resistance connected in parallel with 
it. 
The only component of the scaling-cir-

cuit assembly remaining to be discussed is the 
mechanical register. Fortunately, these de-
vices are ruggedly built, and are not required 
to operate at very high recording rates. When 
high counting rates are used, additional scal-
ing stages are usually introduced to relieve 
the register of excessive rates. It is rare that a 
register of the decade type fails to operate 
properly, and little attention is given to 
them in testing unless obvious defects become 
apparent. 
8. Testing of Rate Meters: Equipment for 

the operation of Geiger-Muller counters us-
ing the principle of the rate meter for visual 
indication is less commonly used for quan-
titative measurements than is the scaler type 
of instrument. This situation arises from the 
fact that the indicating meter is subject to 
fluctuations inherent in the emission of ra-
dioactive radiations, and is therefore diffi-
cult toread accurately. These fluctuations be-
come pronounced in the more sensitive mod-
els with a short time constant to give more 
nearly instantaneous readings of intensity. 
Rate meters are usually employed in counter 
units for survey purposes where high ac-
curacy is not expected. They also lend them-
selves readily to continuous recording on 
moving-chart recorders. Rather simple tests 
are required on these instruments, such as 
determinations of the stability of the high-
voltage supply, variations of meter indica-
tion with power-line voltage, and a test of 
the linearity of the meter scale with the in-
tensity of the radiation incident on the 
counter. Usually, commercial models are 
supplied with a counter tube, so that tests 
are made on the complete assembly. Occa-
sionally, rate-meter dials are calibrated in 
counts per unit of time. The accuracy of 
these scales can be checked by use of a stable 
oscillator with adjustable frequency to pro-
duce suitable pulses for activating the cir-
cuit. 
9. Health Survey Meters: A considerable 

number of instruments manufactured for the 
measurement of radioactivity consist of de-
vices using ionization chambers to measure 
gamma radiation in roentgens. The visual 
indication is achieved either by quartz-fiber 
electroscopes, or by electronic amplification 
of the ionization current. The accuracy re-
quired of these meters is of the order of ± 15 
per cent. 
The most important test of survey 

meters consists in checking the accuracy of 
the scale of the instrument, which usually is 
marked to read milliroentgens per hour. 
Those using quartz fibers require observation 
of the rate of deflection of the fiber. In some 
cases a timer, such as a flashing light, is built 
into the instrument. 
The calibration of these survey meters is 

conveniently checked by use of the gamma 
radiation from standardized preparations of 
radium. One milligram of radium enclosed in 
0.5 mm of platinum gives, with sufficient ap-

proximation, 0.85 mr per hour at a distance 
of 1 meter. Therefore, preparations of ra-
dium of the order of 10 to 100 mg are con-
venient in checking the calibration of the 
usual survey meter. The inverse square law 
can be assumed to hold for distances of the 
order of 25 to 200 cm, if care is taken to re-
duce the effects of scattering of gamma radia-
tion by near-by objects. Measurements of 
distance of the source are made from the cen-
ter of the ionization chamber. More accurate 
tests are obtained if a series of radium prepa-
rations are available, so that the indications 
of the instrument at differeng intensities of 
the radiation are made in a fixed geometry. 
The variation of the sensitivity with 

temperature is made at two temperatures, 
about 20°C apart. Temperatures in the neig-
borhood of 0°C and 20°C are usually chosen 
for this test. 
Survey meters should give readings in 

terms of roentgens, which means that they 
should indicate 1 roentgen for that intensity 
of radiation which produces the amount of 
ionization in air required by the definition of 
the roentgen. Unless the ionization chamber 
has been properly designed to produce the  r.. 
same relative ionization as is obtained in an 
air-wall chamber for gamma radiations of 
various energies, the chamber will not give 
true readings for all energies of gamma rays. 
Such chainl ,ers are sometimes called "en-
ergy-dependent." The degree of deviation 
with energy in these chambers can bechecked 
by comparing the readings with those of an 
instrument which has been checked over a 
range of energies %hen both are exposed suc-
cessively to radiations of differing energies. 
In practice, this is most conveniently accom-
plished by using as sources a series of radio-
isotopes which emit gamma rays of different 
energy. This tests the instrument under con-
ditions approximately those under which it 
will be used. 
Some health survey meters are of the in-

tegrating type; that is, they indicate the total 
amount of radiation in milliroentgens to 
which they have been exposed. The most im-
portant of these is the pocket chamber. This 
is a small ionization chamber provided with 
best quality of electrical insulation. In use, 
the central electrode is charged to a definite 
potential, and thecharnber is issued to an in-
dividual whose work exposes him to gamma 
radiation. At the end of the day the chamber 
is returned to the laboratory, and the resid-
ual potential measured. The charging de-
vice contains a quartz-fiber electroscope 14 
which measures the initial charging poten-
tial, and is also used to measure the residual 
potential. The scale of this instrument is cal-
ibrated in roentgens. 
Pocket chambers are tested for natural 

leakage of charge due to imperfect insulation. 
In a good chamber a negligible fraction of 
the initial charge will leak off in twenty-four 
hours when protected from exposure to ra-
diation. Tests are also made of the loss of 
charge due to vibration or shock. A good 
chamber may be dropped on the floor from 
height of several feet and show no change in 
potential. Finally, the accuracy of the cab-
bra wn is checked by comparing the read-
ings obtained from the charging electrometer 
with the radiation computed from exposures 
of measured duration at various distances 
from standardized preparations of radium. 

tSt 
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The Columbia Long-Playing Microgroove 
Recording System* 

PETER C. GOLDMARKt, FELLOW, IRE, RENt SNEPVANGERSt, AND 

WILLIAM S. BACHMANt, MEMBER, IRE 

Summary—The Columbia LP (long-playing) microgroove re-
:ording system was developed to fill the need for music reproduction 
which would avoid interruptions not intended by the composer, and 
which would be of excellent quality at a reasonable cost. This all-
mportant factor of cost and the public's familiarity with the handling 
)f phonograph records made it desirable to solve the task on the 

Da sis of records, rather than tape or wire. 
Standard 78-rpm records were originally designed to generate 

iound mechanically by direct transfer of energy from the groove of 
:he record to the vibrating diaphragm. Becauselhe entire acoustical 
energy had to be extracted from the grooves, these had to be quite 

rugged, and remained so up until now. 
The new Columbia recording system was an inevitable outcome 

of the use of electrical amplification between the groove and the 
loudspeaker. Today, practically no mechanical energy needs to be 
extracted from the groove, and thus, for the first time, it has been 
possible to develop much finer grooves, permitting longer playing 

time and distortion-free reproduction. 

INTRODUCTION 

I
1 HE COLUMBIA LP' (long-playing) microgroove 
recording system was developed to provide un-
interrupted music reproduction of better quality 

at a reasonable cost. This all-important factor of cost, 
together with the public's familiarity with the handling 
of phonograph records, made it desirable to solve the 
problem on the basis of disk records, rather than by tape 
or wire. 
Standard 78-rpm records were originally designed to 

generate sound mechanically by direct transfer of energy 
from the groove of the record to the vibrating dia-
phragm. Because the entire acoustical energy had to be 
extracted from the grooves, these had to be quite 
rugged, and remained so until now. The weight of the 
diaphragm and armature, together with the acoustical 
reproducer, resulted in high vertical needle forces, re-
quiring large stylus diameters. The latter made neces-
N-sary the use of the high-speed turntable (78 rpm) in 
order to allow for a sufficient frequency range and a 
minimum of distortion. Today, practically no mechani-
cal energy need be extracted from the groove, thus al-
lowing a far greater latitude in the design of an im-
proved system. 
The fundamental principles of the Columbia LP rec-

ords are the slow rotational speed of 331 rpm, represent-
ing a time-saving factor of roughly 2.3; and finer 
grooves, up to 300 per inch. 

* Decimal classification: 621.385.971. Original manuscript re-
ceived by the Institute, September 15, 1948; revised manuscript re-
ceived, March 3, 1949. 
$ Columbia Broadcasting System, Inc., New York, N. Y. 
$ Columbia Records, Inc., New York, N. Y. 
I Trade-mark of Columbia Records, Inc., New York, N. Y. 

PLAYING TIME 

It was found that the average playing time for classi-
cal works is approximately 36 minutes. Nevertheless, 
standards were developed to accommodate as much as 
50 minutes of playing time on a 12-inch record. 
The following analysis establishes the optimum rela-

tionship between the inside and outside groove diam-
eters for maximum playing time. 
The variables used are: 

d= inside groove diameter in inches 
D =outside groove diameter in inches 
R= revolutions per minute 
N= total number of grooves 
T =playing time in minutes. 

The constants used are: 
n =grooves per inch 

Vrnin = minimum permissible linear groove velocity in 
inches per second. 

The playing time T is equal to the total number of 
grooves N divided by the revolutions per minute R of 
the record. 

T = — • (1) 

N is a function of the number of grooves pe-: inch and 
of the radial distance utilized: 

D 
N = n( d ). 

2 
(2) 

R is determined by the minimum recorded radius and 
the minimum permissible linear groove velocity: 

60 Vmin 

R=   
,rd 

Substituting (2) and (3) in (1), 

(3) 

n (/) — d) 2  wn 
T = 120V„,in (Dd — d2).  (4) 

60Vmin  

wd 

Maximizing T with respect to d, 

T  wn 
 (D — 2d) = 0 

ôd  12017„,i,, 
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and 

d = — • 
2 (5) 

In other words, maximum playing time for a given 
inner-groove linear velocity is obtained when the inner 
diameter of the record equals one-half the outer diam-
eter. 
From (4), with d=D/2 

and 

T= 
RnD2 

48017,. i n 

48017„,;„T 
n =   (6) 

7D2 

Thus, when T=20 minutes, 17,nin =10 inches per sec-
ond and D=11.5 inches; the number of grooves per inch 
n will be 230. As the nearest practical value, 224 
grooves per inch are used for all records up to 20 min-
utes per side, or 40 minutes total playing time. This 
requires an inner diameter of 5.5 inches, with a corre-
sponding velocity of 9.6 inches per second. On' record 
sides requiring more than 20 minutes of playing time, 
260 grooves per inch are used. 

TRACING DISTORTION 

Increasing the length of playing time by an appreci-
able factor was only one of the goals to be accomplished. 
With the advent of FM and professional tape recorders, 
improved performance over standard 78-rpm and even 
transcription records became a necessity. 
In the following, an analysis will be made of the per-

formance of Columbia's LP records in relation to com-
mercial 78-rpm records, and also to transcription-type 
recording. The chief factors considered will be those 
which are influenced by the linear speed and by the am-
plitude excursions of the reproducing stylus. It has been 
found in disk recording in general that the limitations 
imposed by cutter performance, such as clearance angle 
of cutting stylus, acceleration of the stylus, etc., are usu-
ally less limiting than the tracing distortion, which is a 
function of the minimum radius of curvature of the 
traced waves and the effective radius of the reproducing 
stylus.' 
First, the minimum radius of curvature corresponding 

to maximum deviation amplitude for various types of 
records (78-rpm, transcription, and LP) will be deter-
mined; at the same time, it will be postulated that the 
radius of curvature is not to be less than the effective 
radius of the reproducing stylus. This does not imply 
that such a condition ensures distortion-free reproduc-

2 W. S. Bachman, "Phonograph dynamics," Elecironic Ind., vol. 
4, pp. 86-89; July, 1945. 

tion, since, even under this condition, the center of the 
reproducing stylus does not trace a sine wave. Distor-
tion increases very rapidly when the effective stylus 
radius exceeds the radius of curvature.' The purpose of 
this analysis, however, is to show the relative perform-
ances of 78-rpm, transcription, and LP records, rather 
than to define certain requirements already well-known 
in the recording field. 
Arbitrarily, the condition where the two radii 

(namely, minimum radius of curvature of wave and ef-
fective radius of reproducing stylus) are equal, will be 
named the limiting condition, and the corresponding 
frequency will be termed the limiting frequency. 
In general, the radius of curvature for a function 

y=f(x) can be expressed as follows: 

[1 + (1 )1 3/2  dx 

d'y 

dx2 

Applying this to a sine wave, y=D sin 27rx/X, it can be 
shown that r has a minimum for x =X/4. Thus, 

n 

X 2 

4,2D (8) 

The wavelength X as traced on the record is equal to the 
linear velocity V of the groove at that point, divided by 
the frequency f of the energy delivered to the cutting 
stylus. Therefore, the frequency at which the minimum 
radius of curvature will equal the effective reproducing-
stylus tip radius for the deviation D can be called limit-
ing frequency, and will be 

=  , 
try reffD (9) 

Actual values of f1 can now be determined for 78-rpm 
records, transcription disks, and LP records for the 
maximum possible deviation (D...) when using the 
innermost grooves. The critical frequency values are of 
greatest interest for those grooves nearest the center be-
cause of their low linear velocity. 

For 78-rpm records at a 4-inch diameter, the linear 
velocity V=16.3 inches per second. The tip radius is 
usually 3 mils, and the effective radius reff = 0.003 cos 
a/2, where a is the total groove angle. Thus, since 
a=90°, ref! =0.0021 inch. The peak displacement 
D..=0.002 inch; substituting these values in (9), 

16.3 
boo  = 1,270 cps.  (10) 27rY(0.0021)• (0.002) 

The limiting frequency for transcription records is 

fl (TR) — 
14 

2TV(0.0017)- (0.0011) = 1,620 cps.  (11) 

tb 
eft 

gru 
to 

1, 
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Finally, the innermost grooves of LP records have a 
inear velocity of the order of 9.6 inches per second; 
he reproducing-stylus tip radius is 0.001 inch, and the 
•ffective radius equals 0.0007 inch. The maximum 
;roove deviation is 0.0009 inch. From these values, it 

ollows that 

9.6 
z(LP) =   — 1,940 cps.  (12) 

27-V(0.0007) • (0.0009)  . 

l'hus, the limiting frequency for LP records is higher 
.han for either transcription records or standard 78-

-pm records. 
With regard to these frequency values, an obvious 

:onclusion would be that none of the three recording 
3ystems under scrutiny is capable of -reproducing fre-
quencies above the values corresponding to the limiting 
frequency; in the case of the LP record, this would be 
1,940 cycles. It is necessary to keep in mind, however, 
that the various values for f were established using the 

maximum groove displacement D... 
Since second-harmonic distortion is automatically 

eliminated by virtue of the complete symmetry of the 
distortion produced in the traced waves, another way of 
comparing tracing distortion between 78-rpm commer-
cial records, transcription records, and the LP micro-
groove records is to utilize an expression for the rms 
value of third-harmonic lateral tracing distortions T. 

45x .4 r2 D2  a 
T —  COS2 

V'  2 
(13) 

where 
r = tip radius of the reproducing stylus in inches 
D = peak amplitude of the recorded wave in inches 
f= frequency of the recorded wave in cps 
V= linear groove velocity in inches per second 

a =groove angle. 
Since the purpose is to determine the relative distor-

tion of various disk-recording systems, a graph has been 
prepared (Fig. 1) in which, based on (13), the distortion 
of LP records, commercial transcription records, the 
recently announced RCA 7-inch record, and conven-
tional 78-rpm records has been determined in relation 
to the tracing distortion on the inside of the standard 
78-rpm disk. The ordinate gives the inverse of this dis-
tortion ratio, so that, the higher the ordinate value, the 
better the theoretical quality of the record. For in-
stance, the LP record on the outside (zero minutes play-
ing time) shows 85 times less distortion than the inside 
of the conventional 78-rpm record. After 21 minutes 
playing time, the LP record shows roughly 6.2 times less 
distortion. The RCA 7-inch record shows 7.4 times less 
distortion. With respect to actual demonstrable differ-
ences among these various types of records, it can be 

W. D. Lewis and F. V. Hunt, "A theory of tracing distortion in 
sound reproduction from phonograph records," Jour. Acous. Soc. 
Amer., vol. 12, p. 353, 1941. 

seen that the tracing distortion on the inside of com-
mercial transcription records (after 15 minutes playing) 
is roughly one-third of that found on the inside of the 
78-rpm record. It is questionable whether additional 
reduction in tracing distortion can be demonstrated 
with anything short of professional laboratory equip-
ment when using regular program material. 
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Equation (9) may be written with rmin =ren. 

V' 
D usab le =    

2f2r0ff 
(14) 

This corresponds to the usable deviation that may be 
employed in recording a frequency f while still retaining 
the original condition that the stylus radius does not 
exceed the minimum radius of curvature of the re-
corded wave. From (14), 

D usabie 

V' 
fi )2 2 '2 rot 

V2  = (—f 

4,2f 12ruff  

(15) 

In Fig. 2, Du„.1,1./D„,,x is plotted in percentage versus 
frequency for 78-rpm records, for transcription records, 
and for LP records. The ordinate indicates percentage 
usable maximum groove displacement where 100 per 
cent equals the maximum possible values used in (10), 
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(11) and (12). Thus, 100 per cent modulation equals 
0.002 inch (10) for 78-rpm records; 0.0011 inch (11) 
for transcription records; and 0.0009 inch (12) for LP 
records. As indicated previously, these conditions are 
those prevailing at the lowest linear velocity (inside 
grooves) for each particular type of record. 
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The LP recording characteristic (velocity versus fre-
quency) is shown by curve 1 in Fig. 3. Curve 2 in Fig. 3 
shows the NAB velocity recording characteristic, which 
deviates from the LP characteristic in the low bass por-
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tion only. The purpose for the LP bass lift is to reduce 
rumble and hum pickup, which would otherwise be more 
pronounced with the smaller deviations. 
Hand in hand with the LP record, suitable repro-

ducing equipment has been developed in the Columbia 

Laboratories. Existing pickups, such as used for 78-
rpm records, obviously could not be employed. First, 
as has been mentioned previously, the tip radius for 
LP records should be 0.001 inch (± 10 per cent). Sec-
ond, the weight requirements are quite different. Ex-
tensive tests have shown that, for a stylus of 0.001-
inch radius, as used with the LP records, a downward 
stylus force not exceeding 6 grams is desirable. An 
LP stylus employing a 6-gram force exerts no more 
pressure than the average 78-rpm pickup. 
The necessity of developing a single cartridge capable 

of tracking both LP and 78-rpm records with only 6 
grams stylus force was also realized. As a result, two 
cartridges with a new nonresonant type of arm were 
developed; a single cartridge playing LP records only, 
and another cartridge having two styli and a single 
crystal capable of playing either LP or 78-rpm records. 
Both cartridges track with a downward force of only 5 
to 6 grams and have approximately 0.5 volt rms output. 
These cartridges, with an associated filter, have a sub-
stantially flat response over the entire recorded fre-
quency range. 
Since the included groove angle of both LP and 78-

rpm records is approximately 90 degrees, the vertical 
force F, tending to force the stylus out of the groove 
is equal to the total lateral force on the stylus FL. This 
force has a component F. which overcomes the stiffness 
of the stylus and tends to force the stylus away from its 
position of equilibrium, and an opposing component F., 
which accelerates the stylus toward its position of 
equilibrium. At low frequencies, where most tracking 
problems were encountered, F., which decreases with 
the square of the recorded frequency, becomes negligi-
ble compared to F,, and can, therefore, usually be neg-
lected. 
Then, 

Now 

F, = FL = F, (at low frequencies).  (16) 

F, = (17) 

where C is the compliance measured at the point of the 
stylus. 
From (16) and (17), 

F, = 
D.,.. 

or 
inD 

C = 
F, 

(18) 

Substituting the D,... and F, used in the LP system in 
(18), 

(0.0009). (2.54) 
C —   — (0.39).10-6  cm/dyne.  (19) (6).(980) 

Substituting the corresponding values for the 78-rpm 
side of the dual cartridge, 
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(0.002) • (2.54) 
C =-  (6) • (980)  — (0.87) • 10-6  cm/dyne. 

ously. Fig. 5 shows the Columbia player attachment 
(20)  engineered by Philco. 

This higher value of compliance was obtained by 
employing a stylus wire of a smaller diameter. Actual 
compliance values in these cartridges are more than 
double the values given above, which represent the 
lowest ones required theoretically. 
A number of laboratory player attachments were 

built using the newly developed pickups and employing 
standard two-pole motors, modified to give wow- and 
rumble-free reproduction. The players and the records 
were field-tested in homes over a considerable period 
of time. Fig. 4 shows the LP attachment designed by 

Fig. 4—Columbia's experimental dual cartridge-dual speed player. 

Columbia to play both 78-rpm and LP records using 
the nonresonant arm and dual cartridge described previ-

Fig. 5—PhiIco LP record player. 
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Direct Voltage Performance Test for Capacitor Paper* 
HAROLD A. SAUERt AND DAVID A. McLEANt 

Summary—Performance of capacitors on accelerated life test 
may vary over a wide range depending upon the capacitor paper 
used. Indeed, at present a life test appears to be the only practical 
means for evaluating capacitor paper, since, within the limits ob-
served in commercial material, the chemical and physical tests 
usually made do not correlate with life. Lack of correlation is 
ascribed to obscure physical factors which have not yet been iden-

tified. 
Generally, several weeks are required to evaluate a paper by 
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life tests of the usual severity. Unfortunately, the duration of these 
tests is too long for quality control of paper. 
The desire for a life test which requires no more than a day or 

two for evaluation led to the development of a rapid dc test. The 
philosophy of rapid life testing is based upon the experimental evi-
dence that the process of deterioration under selected temperature 
and voltage conditions is principally of a chemical nature, and also 
upon the well-known fact that rates of chemical reaction increase 
exponentially with temperature. 
Life tests on two-layer capacitors conducted at 130°C provide 

an acceleration in deterioration many fold more than that obtained 
in the lower-temperature life tests, and correlate well with these 

tests. 
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and 

d = — 
2 

In other words, maximum 
inner-groove linear velocity is 
diameter of the record equals 
eter. 
From (4), with d = D/2 

and 

T= 

n = 

• 

• (5) 

playing time for a given 
obtained when the inner 
one-half the outer diam-

rnD2 

4801(mt. 

480Vmm T 

7rD2 
(6) 

Thus, when T=20 minutes, V,„i. = 10 inches per sec-
ond and D=11.5 inches; the number of grooves per inch 
n will be 230. As the nearest practical value, 224 
grooves per inch are used for all records up to 20 min-
utes per side, or 40 minutes total playing time. This 
requires an inner diameter of 5.5 inches, with a corre-
sponding velocity of 9.6 inches per second. On 'record 
sides requiring more than 20 minutes of playing time, 
260 grooves per inch are used. 

TRACING DISTORTION 

Increasing the length of playing time by an appreci-
able factor was only one of the goals to be accomplished. 
With the advent of FM and professional tape recorders, 
improved performance over standard 78-rpm and even 
transcription records became a necessity. 
In the following, an analysis will be made of the per-

formance of Columbia's LP records in relation to com-
mercial 78-rpm records, and also to transcription-type 
recording. The chief factors considered will be those 
which are influenced by the linear speed and by the am-
plitude excursions of the reproducing stylus. It has been 
found in disk recording in general that the limitations 
imposed by cutter performance, such as clearance angle 
of cutting stylus, acceleration of the stylus, etc., are usu-
ally less limiting than the tracing distortion, which is a 
function of the minimum radius of curvature of the 
traced waves and the effective radius of the reproducing 
stylus.' 
First, the minimum radius of curvature corresponding 

to maximum deviation amplitude for various types of 
records (78-rpm, transcription, and LP) will be deter-
mined; at the same time, it will be postulated that the 
radius of curvature is not to be less than the effective 
radius of the reproducing stylus. This does not imply 
that such a condition ensures distortion-free reproduc-

2 W. S. Bachman, "Phonograph dynamics," Electronic Ind., vol. 
4, pp. 86-89; July, 1945. 

tion, since, even under this condition, the center of the 
reproducing stylus does not trace a sine wave. Distor-
tion increases very rapidly when the effective stylus 
radius exceeds the radius of curvature.' The purpose of 
this analysis, however, is to show the relative perform-
ances of 78-rpm, transcription, and LP records, rather 
than to define certain requirements already well-known 
in the recording field. 
Arbitrarily, the condition where the two radii 

(namely, minimum radius of curvature of wave and ef-
fective radius of reproducing stylus) are equal, will be 
named the limiting condition, and the corresponding 
frequency will be termed the limiting frequency. 
In general, the radius of curvature for a function 

y=f(x) can be expressed as follows: 

r = 
[1 + ( ) 712 dx 

d'y 

dx2 

(7) 

Applying this to a sine wave, y=D sin 27rx/X, it can be 
shown that r has a minimum for x =X/4. Thus, 

X2 

47r2D (8) 

The wavelength X as traced on the record is equal to the 
linear velocity V of the groove at that point, divided by 
the frequency f of the energy delivered to the cutting 
stylus. Therefore, the frequency at which the minimum 
radius of curvature will equal the effective reproducing-
stylus tip radius for the deviation D can be called limit-
ing frequency, and will be 

(9) 

Actual values of f1 can now be determined Tor 78-rpm 
records, transcription disks, and LP records for the 
maximum possible deviation (D.) when using the 
innermost grooves. The critical frequency values are of 
greatest interest for those grooves nearest the center be-
cause of their low linear velocity. 

For 78-rpm records at a 4-inch diameter, the linear 
velocity V =16.3 inches per second. The tip radius is 
usually 3 mils, and the effective radius ref= 0.003 co. 
a/2, where a is the total groove angle. Thus, sincy 
a=90°, ref =0.0021 inch. The peak displacement 
D.,. = 0.002.inch; substituting these values in (9), 

16.3 

27V(0.0021)• (0.062-Y 
b(7s) = 1,270 cps.  (10) 

The limiting frequency for transcription records is 

ft(TR) 
14 

  = 1,620 cps.  (11) 
27V(0.0017)• (0.0011)  ' 
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Finally, the innermost grooves of LP records have a 
Ilinear velocity of the order of 9.6 inches per second; 
the reproducing-stylus tip radius is 0.001 inch, and the 
effective radius equals 0.0007 inch. The maximum 
groove deviation is 0.0009 inch. From these values, it 

i follows that 

9.6 
ft(Lp) —   — 1,940 cps.  (12) 

27r-V(0.0007) • (0.0009)  . 

Thus, the limiting frequency for LP records is higher 
than for either transcription records or standard 78-

rpm records. 
With regard to these frequency values, an obvious 

conclusion would be that none of the three recording 
systems under scrutiny is capable of reproducing fre-
quencies above the values corresponding to the limiting 
frequency; in the case of the LP record, this would be 
1,940 cycles. It is necessary to keep in mind, however, 
that the various values for f were established using the 

maximum groove displacement D... 
Since second-harmonic distortion is automatically 

eliminated by virtue of the complete symmetry of the 
distortion produced in the traced waves, another way of 
comparing tracing distortion between 78-rpm commer-
cial records, transcription records, and the LP micro-
groove records is to utilize an expression for the rms 
value of third-harmonic lateral tracing distortion3 T. 

67r 4. r2 .D2 . f4  a 
T —  COS2 

V'  2 
(13) 

where 
r = tip radius of the reproducing stylus in inches • 
D = peak amplitude of the recorded wave in inches 
f =frequency of the recorded wave in cps 
V = linear groove velocity in inches per second 

a =groove angle. 
Since the purpose is to determine the relative distor-

tion of various disk-recording systems, a graph has been 
prepared (Fig. 1) in which, based on (13), the distortion 
of LP records, commercial transcription records, the 
recently announced RCA 7-inch record, and conven-
tional 78-rpm records has been determined in relation 
to the tracing distortion on the inside of the standard 
78-rpm disk. The ordinate gives the inverse of this dis-
tortion ratio, so that, the higher the ordinate value, the 
better the theoretical quality of the record. For in-
stance, the LP record on the outside (zero minutes play-
ing time) shows 85 times less distortion than the inside 
of the conventional 78-rpm record. After 21 minutes 
playing time, the LP record shows roughly 6.2 times less 
distortion. The RCA 7-inch record shows 7.4 times less 
distortion. With respect to actual demonstrable differ-
ences among these various types of records, it can be 

3 W. D. Lewis and F. V. Hunt, "A theory of tracing distortion in 
sound reproduction from phonograph records," Jour. Acous. Soc. 
Amer., vol. 12, p. 353, 1941. 

seen that the tracing distortion on the inside of com-
mercial transcription records (after 15 minutes playing) 
is roughly one-third of that found on the inside of the 
78-rpm record. It is questionable whether additional 
reduction in tracing distortion can be demonstrated 
with anything short of professional laboratory equip-
ment when using regular program material. 
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Equation (9) may be written with r„,i„ =reff . 

V' 
D.abie =   4,2f 2r0  f f 

(14) 

This corresponds to the usable deviation that may be 
employed in recording a frequency f while still retaining 
the original condition that the stylus radius does not 
exceed the minimum radius of curvature of the re-
corded wave. From (14), 

D uzuble 

V2 

4r2f2reif ft 2 
  = 

V 2  
(15) 

4721 i2r„f I 

In Fig. 2, Du40610/Dm0 is plotted in percentage versus 
frequency for 78-rpm records, for transcription records, 
and for LP records. The ordinate indicates percentage 
usable maximum groove displacement where 100 per 
cent equals the maximum possible values used in (10), 
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(11) and (12). Thus, 100 per cent modulation equals 
0.002 inch (10) for 78-rpm records; 0.0011 inch (11) 
for transcription records; and 0.0009 inch (12) for LP 
records. As indicated previously, these conditions are 
those prevailing at the lowest linear velocity (inside 
grooves) for each particular type of record. 
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Fig. 2—Percentage maximum deviation versus frequency. 

The LP recording characteristic (velocity versus fre-
quency) is shown by curve 1 in Fig. 3. Curve 2 in Fig. 3 
shows the NAB velocity recording characteristic, which 
deviates from the LP characteristic in the low bass por-

• "4 ---  

•I0 

0 

- LP 
1- NMI 

NECONDING 
4 

VtLOCer • GNA W 

4 
ER1STIC 

Kr 

tO 

40 

o ..- .-4. !7°:•••' ' 

__ • a • • • 1 s • I • r • II • • • • • 1 • • 
woo 

FREQUENCY M CYCLES PER SECOND 

Fig. 3—LP and NAB recording characteristics. 

0000  10000 

tion only. The purpose for the LP bass lift is to reduce 
rumble and hum pickup, which would otherwise be more 
pronounced with the smaller deviations. 
Hand in hand with the LP record, suitable repro-

ducing equipment has been developed in the Columbia 

Laboratories. Existing pickups, such as used for 78 
rpm records, obviously could not be employed. First, 
as has been mentioned previously, the tip radius for 
L11 records should be 0.001 inch (± 10 per cent). Sec-
ond, the weight requirements are quite different. Ex-
tensive tests have shown that, for a stylus of 0.001. 
inch radius, as used with the LP records, a downward 
stylus force not exceeding 6 grams is desirable. An 
LP stylus employing a 6-gram force exerts no more 
pressure than the average 78-rpm pickup. 
The necessity of developing a single cartridge capable 

of tracking both LP and 78-rpm records with only 6 
grams stylus force was also realized. As a result, two 
cartridges with a new nonresonant type of arm were 
developed; a single cartridge playing LP records only, 
and another cartridge having two styli and a single 
crystal capable of playing either LP or 78-rpm records. 
Both cartridges track with a downward force of only 5 
to 6 grams and have approximately 0.5 volt rms output. 
These cartridges, with an associated filter, have a sub-
stantially flat response over the entire recorded fre-
quency range. 
Since the included groove angle of both LP and 78-

rpm records is approximately 90 degrees, the vertical 
force F, tending to force the stylus out of the groove 
is equal to the total lateral force on the stylus FL. This 
force has a component F. which overcomes the stiffness 
of the stylus and tends to force the stylus away from its 
position of equilibrium, and an opposing component F., 
which accelerates the stylus toward its position of 
equilibrium. At low frequencies, where most tracking 
problems were encountered, F., which decreases with 
the square of the recorded frequency, becomes negligi-
ble compared to F., and can, therefore, usually be neg-
lected. 
Then, 

Now 

F. = FL = F. (at low frequencies).  (16) 

F.= 
Dm 

(17) 

where C is the compliance measured at the point of the 
stylus. 
From (16) and (17), 

Dr„..  13,„„„ 
F. =  or C= —  (18) 

C  F, 

Substituting the D,... and F, used in the LP system in 
(18), 

(0.0009). (2.54) 
C =  = (0.39) • 10-6 cm/dyne.  (19) 

(6).(980) 

Substituting the corresponding values for the 78-rpm 
side of the dual cartridge, 
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(0.002)• (2.54) 
C =  (6) • (980)  — (0.87) • 10-6 cm/dyne. 
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ously. Fig. 5 shows the Columbia player attachment 
(20)  engineered by Philco. 

This higher value of compliance was obtained by 
employing a stylus wire of a smaller diameter. Actual 
compliance values in these cartridges are more than 
double the values given above, which represent the 
lowest ones required theoretically. 
A number of laboratory player attachments were 

built using the newly developed pickups and employing 
standard two-pole motors, modified to give wow- and 
rumble-free reproduction. The players and the records 
were field-tested in homes over a considerable period 
of time. Fig. 4 shows the LP attachment designed by 

Fig. 4—Columbia's experimental dual cartridge-dual speed player. 

Columbia to play both 78-rpm and LP records using 
the nonresonant arm and dual cartridge described previ-

Fig. 5—Philco LP record player. 
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•- Direct Voltage Performance Test for Capacitor Paper* 
HAROLD A. SAUERt AND DAVID A. McLEANt 

Summary—Performance of capacitors on accelerated life test 
may vary over a wide range depending upon the capacitor paper 
used. Indeed, at present a life test appears to be the only practical 
means for evaluating capacitor paper, since, within the limits ob-
served in commercial material, the chemical and physical tests 
usually made do not correlate with life. Lack of correlation is 
ascribed to obscure physical factors which have not yet been iden-

tified. 
•-,  Generally, several weeks are required to evaluate a paper by 
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life tests of the usual severity. Unfortunately, the duration of these 
tests is too long for quality control of paper. 
The desire for a life test which requires no more than a day or 

two for evaluation led to the development of a rapid dc test. The 
philosophy of rapid life testing is based upon the experimental evi-
dence that the process of deterioration under selected temperature 
and voltage conditions is principally of a chemical nature, and also 
upon the well-known fact that rates of chemical reaction increase 
exponentially with temperature. 
Life tests on two-layer capacitors conducted at I30°C provide 

an acceleration in deterioration many fold more than that obtained 
in the lower-temperature life tests, and correlate well with these 

tests. 
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INTRODUCTION 

pAPER capacitors, like other components of elec-
tronic apparatus, must continue to face demands 
for higher-temperature and higher-voltage opera-

fon, for more dependable service, and for greater com-
pactness. Enormous improvements in dependability 
and general quality level of paper capacitors have been 
made over the past several years. Nevertheless, where 
dependability and long service life are paramount con-
siderations, designs must still be based on the minimum 
expected life, a value which may be only a few per cent 
of the maximum expected life. 
Our work has indicated that large variation in the 

durability of paper capacitors subjected to direct volt-
age results from uncontrolled variables in the paper. 
Many chemical and physical tests have been proposed 
for determining the durability of capacitor paper. Our 
experience with such tests indicates that they may 
suffice to eliminate the extremely poor papers but are 
valueless for choosing between, e.g., a moderately poor 
paper and an excellent paper. In Table I, it is seen that 
papers of widely different accelerated life test per-
formance exhibit chemical and physical properties u hich 
are either identical or which fail to correlate with the 
life. In our opinion, the reason for this is that .the life 
characteristics of paper are very sensitive to variations 
in its microstructure which none of the usual chemical 
and physical tests detects. Pending discovery of tests 
which will detect such variations, it is necessary to use 
life tests to determine the voltage performance of paper. 
The goal which was set was that of an accelerated life 

test which could be made in an elapsed time similar to 
the chemical and physical tests, i.e., a day or two. The 
result has been a testing procedure requiring about a day 
for preparation of samples and about the same time for 
performing the life test. 
It is generally agreed that increasing the voltage to 

accelerate life testing gives unreliable results at voltages 
much above two and one-half times the rated voltage. 
Owing to the chemical nature of the deterioration 
process, high acceleration may be gained through in-
creasing the test temperature.' 

EQUI PM ENT 

The method developed consists of subjecting two-
layer capacitor test units to a direct voltage life test 
carried out at 130°C and 560 volts per mil. The equip-
ment consists principally of a variable voltage rectifier 
producing potentials up to 2,000 volts, an oven, and a 
measuring and control circuit all housed in a steel 
cabinet. Fig. 1 is a photograph of the apparatus dis-
playing the general arrangement of the assembly and 

' D. A. McLean, L. Egerton, G. T. Kohman, and M. Brotherton, 
"Paper dielectrics containing chlorinated impregnants. Deterioration 
in dc fields," Ind. and Eng. Chem., vol. 34, pp. 101; January, 1942, 

locations of the important components. Each capacitor 
on test (Fig. 2) is in circuit with one pole of a double-
pole breaker. Facilities are provided for testing ten 
capacitors at a time. No units are substituted for failed 

Fig. 1—Direct-voltage performance test set. 

specimens. Failure is marked by a steep rise in the cur-
rent in the capacitor circuit. When this current reaches 
about 0.025 ampere the trip circuit is energized, remov-

CIRCUIT 
BREAKER 

110 VOLTS 
60 CYCLES 

CIRCUIT 
BREAKER 

OVEN 

- - - TEST CAPACITORS  - A.• 

( FACILITIES FOR B OTHER CAPACITORS) 

Fig. 2—Test circuit schematic. 

TO DC 
POWER 
PACK 

ing the voltage from the failed specimen and opening the 
110V-60 cps timing circuit associated with the other 
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• pole of the. breaker. The timer is a motor-driven counter 
which records the time to one-tenth of an hour. The 
lamp circuit in parallel with the timing circuit aids in 
determining the status of the test. 

DESCRIPTION OF THE TEST 

If a life test on capacitors is to be used to evaluate 
capacitor paper, all other variables must be controlled. 
This means faithful reproduction of conditions of wind-
ing, drying, and impregnation, together with constancy 
and purity of the other constituents; namely, the im-
pregnant and the electrode metal. 
In this investigation, capacitor units are wound with 

two layers2 of paper 2/ inches wide and with 0.00025 
inch thick aluminum foil electrodes to- provide a capaci-
tance, when impregnated, of approximately 1.0 µf for 
0.0004 inch thick paper. For thicknesses less than 0.0004 
inch, the windings are constructed to provide a test on 
the same area of paper as contained in a 1-µf 0.0004 
inch unit. For thicker papers, in order to avoid excessive 
physical size, less area is employed. 

60 

040 

20 

0 

0 
0  01  02  03  04  05  0.6  07  06 

FRACTION OF D STANCE IN FROM OUTER END 

3 LATER CONDENSERS 
(321 UNITS) 

0 
• 

2-L AYER CONDENSERS  (144 UNITS ) 

• 

Fig. 3—Distribution of points of failure 
within test capacitor. 

09 10 

The choice of units of these dimensions resulted from 
extensive auxiliary investigation in connection with the 
necessity of determining whether or not overheating de-
velops within the unit during testing under these condi-
tions, causing premature failure. Statistically, the weak-
est point, and hence the point of failure, in the paper 
sheet should occur with equal probability on any sur-
face element of the sheet. Post-mortem examination of 
a large number of specimens has shown that the two-
layer units of the above specification exhibit a random 
distribution of failure along the length of the sheet, in-
dicating the absence of local internal heating. On the 
other hand, when tested at the much higher voltages 
required to produce failure in a short time, local over-
heating occurred in three-layer units of the same physi-
cal dimensions as evidenced by an observed peak in the 
distribution curve, Fig. 3. Another factor which has 
favored the choice of two-layer units is that such a test 
has been found to be more discriminating than one on 
three-layer units, producing a greater difference in life 
from sample to sample. Another major reason is that 

2 Two sheets of paper, one superimposed upon the other, are sand-
wiched between aluminum foils. 

the bulk of capacitors for telephone use is of two-layer 
construction. 
In the processing and testing, apparatus which is 

clean and is inert toward the impregnating compound is 
essential. Materials such as stainless steel, aluminum, 
nickel- or tin-plated steel, and glass are preferred for 
test jigs and containers. 
The units in Fig. 4 are held under spring pressure be-

tween aluminum or stainless plates during all processing 
and testing. This provides a mechanical pressure of 
about 12 pounds per square inch. The processing is con-
veniently considered in three steps: air-baking, vacuum-
drying, and impregnating. 

Fig. 4—Capacitor units assembled in clamping jig. 

• The purpose of the air-bake is to produce limited 
oxidation of the paper to improve its electrical prop-
erties.3 Also, during the air-bake, the bulk of the mois-
ture is removed. The air-bake is carried out at atmos-
pheric pressure and 130°C for 16 to 18 hours. This 
temperature is also maintained throughout the following 

steps. 
In the vacuum drying, which follows the air-baking 

immediately, the units are held under vacuum (<1 mm 
Hg) for 4.5 hours. During the first 3.5 hours, the vacuum 
is released momentarily every 30 minutes by admitting 
dry air. This aids in removing residual moisture. During 
the last hour the vacuum is applied continuously. The 
resulting residual moisture content is about 0.05 per 
cent or less based on the dry weight of the paper tested. 
The units are immersed in hot impregnant (130°C) 

for two hours directly following the drying and without 
breaking the vacuum. During the first hour, vacuum is 
maintained. The last hour is at atmospheric pressure. 

3 D. A. McLean, "Paper capacitors containing chlorinated im• 
pregnants. Benefits of controlled oxidation of the paper," Ind. and 
Eng. Chem., vol. 39, p. 1457; November, 1947. 
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Fig. 5—Comparison of two-layer, 0.4-mil kraft capacitor papers listed in Table I. 

The impregnant used in these tests consists of chlori-
nated naphthalene (Halowax 1001) stabilized with 0.5 
per cent of anthraquinone.' 
A set of test conditions could probably be found which 

would involve neither stabilization nor air-bake. How-
ever, the process described here closely simulates that 
employed in the manufacture of telephone capacitors. 
The test jig with impregnated units in place is then 

rapidly transferred to the test container and covered 
with the same compound used in impregnation. Electri-
cal connections are made to the container terminals. 
Solder connections have been avoided in order to elimi-
nate the possibility of solder flux contamination of the 

'D. A. McLean and L. Egerton, "Paper capacitors containing 
chlorinated impregnants. Stabilization by anthraguinone," Ind. and 
Eng. Client., vol. 37, p. 73; January, 1945. 

impregnant. The cover is attached and the container 
placed in the oven. After equilibration at test tempera-
ture, the capacitance of each unit is measured as a cir-
cuit check, followed by a short time direct-voltage di-
electric strength test performed by applying a voltage 
about 50 per cent in excess of the -life test voltage for 
eliminating mechanically defective samples. The direct-
current leakage at 100V is then recorded before the volt-
age is raised to the life test potential. 

DISCUSSION OF LIFE TEST RESULTS 

The 13(1°C life test results on papers referred to in 
Table I are compared in Fig. 5 with tests conducted at 
65°C and 500 volts. In the step-wise plot the time axis 
in the 130°C life test is hours; in the slower life tests it 
is days. The scales of the time axes are in the ratio of 
48:1 and it will be observed that the 130°C life test pro-



Test for Capacitor Paper  931 I1949  Sauer and McLean: Direct Voltage Performance 

vides additional acceleration in deterioration of the or-
der of the time scale ratio. 
The time to fifty per cent failure for both the 130°C 

and 65°C tests has been recorded in Table I as an arbi-
trary yardstick of comparison. The five papers show the 
same relative order on both tests with the exception of 
reversal of the second and third place. The order (1 to 5) 
as shown is on the basis of the results of the 130°C tests. 
Satisfactory duplicability on check runs, shown on 

Fig. 6, is readily obtained. The important aspects of 
duplicability are the assurance that the equipment is 
performing satisfactorily, and that test samples are be-
ing prepared in a consistent manner. Early failures arise 
from various causes; partly, from mechanical defects in 

; 
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Fig. 6-Duplicability of results by the 130°C life test 560 volts/mil dc 
on same paper and same quantity of units 

the wound unit, but principally from variability of the 
paper. Apart from this, it will be observed that the 
course of the life chart results in comparable total inte-
grated life for duplicate runs, the criterion upon which 
duplicability is based. 
The spread of results that can be expected of com-

mercial capacitor paper can be judged approximately 
from Fig. 5. The setting up of criteria for acceptable pa-
per is beyond the scope of this paper. However, it ap-
pears that in a period of twenty-four to forty-eight hours 
the general quality level of the lot being tested can be 
judged, provided that the limited number of test units 
which it is practical to test is representative of the lot. 
Sampling, required by statistical considerations, to ac-
complish this end to a high degree has not been deter-
mined. 
It appears that this test will be of value in research on 

capacitors, both in improving the quality of the paper 
and in isolating the factors which- govern the life of ca-

pacitors. 
For purposes of illustration, data have been given on 

only 0.0004 inch papers. Extensive investigation indi-
cates that similar relationships hold for other thick-

nesses of paper. 
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TABLE I 

CHEMICAL AND PHYSICAL PROPERTIES OF 0.0004-INCH KRAFT CAPACITOR PAPERS 

Paper Sample M-86 N4-77  N4-89 M-95  M-87 

(2)8 (4) ° (5)8 

Chemical Properties: 
Conductivity of water extract (micromhos/cm) 
Chloride Content (%) 
Ash (%) 
Reaction of water extract (meq/gm) 

Water soluble (%) 
Alcohol soluble (%) 
Benzene soluble (%) 
pH 
Permanganate number 
Pentosans 

Physical Properties: 
Porosity (Average) 
Porosity (Max. in 15 values) 
Apparent Density (Gm/cc) 
Conducting Particles (per sq. ft.) 

Life (2-layer units -Halowax plus i% anthraquinone): 
Days to 50% Failure (65°C.-625V/mil dc) 
Hours to 50% Failure (130°C.-560V/mil dc) 

4.6  7.5  5.0  2.7  5.5 
0.002  0.002  0.003  0.002  0.003 
0.28  0.37  0.36  0.28  0.33 
0.002  0.003  0.0001  0.0002  0.011 
Alk  Alk  Alk  Acid  A& 
0.23  0.30  0.44  0.39  0.30 
0.06  3.18  0.14  0.16  0.10 
0.06  0.10  0.04  0.05  0.04 
7.5  8.4 
11.5  12.7  12.7  13.3  12.3 
6.9  7.2  7.9  8.0  7.9 

1.6  1.8  0.4  0.4  2.6 
3.7  3.9  0.8  0.6  7.9 
0.94  0.94  0.98  0.99  0.94 
2.4  2.6  0.6  5.9  3.4 

427  72  240 
86  73  69 

50  8 
8  1 

• Order as shown on Fig. 5. 
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Some Aspects of Cathode-Follower Design at 
Radio Frequencies* 
FRED D. CLAPPt, MEMBER, IRE 

Summary—Pertinent high-frequency design data including the 
circuit gain, the gain phase angle, the input impedance in resistive 
and reactive components, and the maximum allowable input signal 
voltage may be determined quickly from simple design charts derived 
by approximations which are applicable over a wide range of fre-
quency and circuit parameters. The only circuit quantities required 
for use of the charts are the magnitude and phase angle of the 
cathode load impedance, the internal tube capacitances, and the grid-
to-plate transconductance of the tube at the operating point. 
A discussion of the effects of the grid-to-cathode capacitance on • 

circuit operation at high frequencies is presented, including a critical 
analysis of the source impedance. It is shown that the source im-
pedance may be greatly affected by the impedance of the grid driving 
source unless remedial measures are taken. Various circuit changes 
which reduce or eliminate the undesirable effects of the grid-to-
cathode capacitance are offered with discussion and analyses. 

I. GAIN FUNCTION FOR A COMPLEX LOAD 
IMPEDANCE IZEFERRING TO Fig. 1, if the load impedance is 

a resistance Rk, the gain of the cathode follower 
is the ratio of eo to E, and has been given by 

many investigators" as 

il  Rk 
A =   (1) 

1 ± µ  12, 
Rk +   

1 + A 

where 
A =gain of stage 
= amplification factor of tube 

R9= plate resistance of tube 
Rk = cathode load resistance. 

Equation (1) is easily derived by application of the 
equivalent plate-circuit theorem. 
It is apparent in (1) that if /1 is large compared to 

B. 

Fig. 1—The gain of the cathode follower is the ratio of e. to 
E9 when Rk is the load impedance. 

'1' Decimal classification: RI39.21. Original manuscript received 
by the Institute, June 25, 1948; revised manuscript received, Oc-
tober 18, 1948. The work described in this paper was made possible 
through support extended by the United States Navy Bureau of 
Ships, under contract NObsr-39401. 
t Antenna Laboratory, University of California, Berkeley, Calif. 
K. Schlesinger, "Cathode follower circuits," PROC. I.R.E., vol. 

33, pp. 843-855; December, 1945. 
2 J. Diamond, "Circle diagrams for cathode followers," PROC. 

I.R.E., vol. 36, pp. 416-420; March, 1948. 

unity considerable simplification is possible, resulting in 

1 
A=  1  (2) 

1+   
RkG„, 

If the cathode load impedance is complex, Rk in equa-
tion (2) becomes Zk= Rk+ :1Xk. Rationalizing and sim-
plifying the resulting expression, the magnitude of the 
gain A and its phase angle a (which is the phase angle 
between eo and Eg in Fig. 1) can be shown to be given 
by the following expressions 

I =    GmlZki 
± 2GmlZkI cos 0 ± (Gm  IZ kl )2 

IA1 

p0 

09 
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Fig. 2—Magnitude of complex gain A/a as a function 
of cathode load phase angle O. 

(3) 
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tive. With capacitive cathode loads of suitable pro-
portions, the negative resistance seen looking into the 
grid circuit may become so low that oscillation in some 
mode is virtually a certainty. The input capacitance 
may be significantly increased. Using the symbols of 
Fig. 1, the input current may be written: 

(5) 

ip» ig 
0 5 

07 
where i9 =current flowing to the grid. By previous defi-
nition, 

90 

Fig. 3—Relation of cathode load phase angle to angle of 
complex gain function for various values of parameter GniZki• 

where 

= grid-to-plate transconductance 
0= phase angle of cathode load impedance 
0= arc tan XkiRk 

I AI — magnitude of complex gain. 
The phase angle of the complex gain is 

sin 0 
a = arc tan 

G„,1Zki ± COS 0 

Equations (3) and (4) are plotted as Figs. 2 and 3 with 
the product g,,,IZk I as a parameter. These charts permit 
very quick and easy evaluation of the magnitude and 
phase angle of the stage gain for any load impedance. 

At low frequencies where the load impedance is essen-
tially resistive, it may be considered that 0=0 and the 
left ordinate of Fig. 2 will give the results obtained from 
previously published nomographs3 for these conditions. 
a is then zero, of course. 

(4) 

II. EFFECTS OF GRID-TO-CATHODE 
CAPACITANCE 

At high frequencies, the grid-to-cathode capacitance 
of commonly used tubes acts as a coupling impedance of 
serious proportions between input and output circuits. 
Several first-order results of this coupling are observed. 
First, the input impedance (dynamic impedance be-
tween grid and ground) whicb is normally equivalent 
to the grid-to-plate capacitance shunted by a portion 
of the grid-to-cathode capacitance and an extremely 
high resistance, is lowered significantly. Depending 
upon the phase angle of the cathode load impedance, 
the resistive component may become negative in sign, 
although the reactive component is always capaci-

3 M. B. Kline, "Cathode follower nomograph for pentodes," Elec. 
lronics, vol. 20, p. 136; June, 1947. 

Then 

eo = ERA/a. 

E g  gk 
Zg =    • 

1 —  A/a 

(6) 

(7) 

In deriving (7), nothing has been said about the cur-
rent flowing into the grid-to-plate capacitance. This 
component of the impedance is a static quantity unaf-
fected by the tube operation (since the plate is assumed 
to be grounded for rf) and may be added in later. 
For convenience, (7) may be rationalized to separate 

the resistive and reactive components. Performing this 

operation yields 

Z, =I X,ki rlAisina — j(1 —1Alcosa)1 
1 — 2IAlcosa-FIAI2  • (8) 

The  sign corresponds to that of the cathode-load 

phase angle 0. 
Equation (8) expresses the new components of input 

impedance due to coupling of the grid-to-cathode ca-
pacitance as a series circuit of capacitance and resist-
ance across the input terminals. It is more convenient 
to express this new impedance in terms of an equivalent 
parallel circuit of resistance and capacitance. This is 
easily done with the standard circuit transformations, 
yielding 

R par 

Xpar — 
1 —IAIcosa 

X gk 

I A 1 sin a 

X giA /1  41 cos 0 + )2 

X gk 

A sin 0 

X gk 

G„,I Zkl + cos 0 
1 —1Al 

+ 2G„,I Z k I COS 0 +  m I Zk I )2 

Cpor = C  Icosa) = 

Cuk[l   G„,lZk I -I- cos 0   
— I A I  (11) 

%/i -I- 2G„, I ZkI cos 0 + (G. I ZkI )2 

(9) 

.(10) 

where 
Rp„,=equivalent shunt resistance appearing across 

input terminals 
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X9,„=equivalent shunt  reactance  appearing 
across input terminals 

Cpar= equivalent shunt capacitance appearing 
across input terminals. 

Equations (9), (10), and (11) are normalized with re-
spect to X gk and CO and plotted in Figs. 4, 5, and 6. 
After first finding I A I and a from the curves previously 
presented, the input impedance components may be 
very quickly found with sufficiently good accuracy for 
most engineering purposes. 
Equation (9) shows that for frequencies and tube ca-

pacitances such that X gk is a few hundred ohms, the 
cathode follower will make a vigorous oscillator if the 
cathode load is capacitive so that Rp97  has a negative 
sign. This phase of operation has been well covered in 
several of the references. 
The second very important result of the grid-cathode 

coupling is its influence upon the effective source im-
pedance of the cathode follower. 
The source impedance may be defined as that imped-

ance seen looking into the output terminals toward the 
tube as in Fig. 7. Here a shunt circuit of three elements 
is seen represented by the cathode load impedance Zk, 
the tube plate resistance R, in series with the equivalent 
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Fig. 5—Equivalent shunt reactance of cathode-
follower input impedance. 

generator, and the cathode-grid reactance in series with 
whatever impedance appears between grid and ground 
represented by the symbol Z. It is important to note 
that Zug may be anything from a very low value to a 
very high value depending on the nature of.the driving 
source and stray reactances. 

The circuit of Fig. 7 may be solved by Kirchhoff's 
A*01  laws from the equations 

ztZk —  — iuZk = Et,  (12) 

iR = Et ± se.,  (13) 

W og — jX,k) = Eg,  (14) 

where Et= test voltage applied across output terminals. 
A• 03  For convenience, a new quantity # will be defined 

which is given by 

A 05 

A.0 7 

6.09 

A.I 0 

RI DEGREES 

Fig. 4—Equivalent shunt resistance of cathode-
follower input impedance. 

jX„k 
0 =   (15) 

g g  i X g k 

# represents the portion of cathode-ground voltage 
E. which appears between grid and cathode e, due to stat-
ic voltage division by the impedances from grid to 
cathode and from grid to ground. 

Simultaneous solution of (12), (13), and (14) and in-
sertion of (15) gives the source impedance as 
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(16) 

No approximations are involved in this equation except 
the assumption that all the voltage across Z k is due to 
the plate current; i.e., ig>>ig. 
Inspection of the circuit reveals that the first 2 de-

nominator terms are static quantities unaffected by tube 
operation. The term (1+ 4)/R, corresponds to the dy-
namic component of the source impedance which is of 
IL particular interest. If 13=1, this term is seen to have a 
value so high with most tubes that the other denomina-
tor terms may be neglected and the source impedance 
written in the form usually given for low frequencies; 

zg 
low frequency = 1 + ti—  Gm 

'  Equation (15) shows that, if the grid-to-ground im-
pedance is comparable to the grid-to-cathode imped-
ance, (17) is no longer a good approximation. This is 
only likely to happen in the case where a tuned circuit 

1 is connected between grid and ground so that the stray 
reactances are tuned out, becoming part of a tuned cir-
cuit at parallel resonance. In this case, however, the 
grid-to-ground impedance may assume values so large 

R,  1 
(17) 

-,109 1( 

PEt 

Fig. 7—Shunt circuit represented by the cathode load impedance 
Zk and the cathode-to-grid reactance in series with impedance Z. 

compared to X gk that /3 approaches zero and the term 
(l+,43) /R approaches 1/Rp.The source impedance then 
becomes quite large and the expected advantages of the 
cathode follower fail to materialize. 
• From the foregoing, it is clear that, if a cathode fol-
lower is driven by a tuned grid circuit at frequencies of 
the order of megacycles, the operation is likely to be 
unsatisfactory. The output will be lower than expected 
due to the increased source impedance and oscillation is 
likely at either the tuned circuit frequency, the input 
leads frequency, or both. This presupposes that the 
cathode load impedance will be capacitive, a probable 
result of the cathode-to-heater capacitance and other 

strays. 
III. REMEDIAL MEASURES 

If operation with a tuned grid circuit is required, sev-
eral methods are available for nullifying, or at least re-
ducing, the effects of grid-to-cathode coupling. 
(a) The oscillation may be suppressed by inserting a 

resistor of suitable size in series with the grid to damp 
the circuit. Depending on the frequency, this resistor 
will load the tuned circuit in a manner to be analyzed 
later. This method has definite limitations. 
(b) A coil may be placed from grid to cathode, with 

a suitable dc blocking capacitor to resonate the grid-to-
cathode capacitance (Fig. 8). This increases the value 
of Xgk by a very large amount and is effective in lower-
ing the source impedance and suppressing oscillation at 
the design frequency. However, oscillation at frequen-
cies determined by the grid-circuit leads may still occur 
since Zgk is high at only one frequency. This method of 
operation is subject to the serious disadvantage that the 
coil must be changed for each change of operating fre-

quency. 
It is, of course, possible to make the blocking capaci-

tor CB variable so that the total reactance may be ad-

BLOCKING 
CONDENSER 

E g 

tit=a. 

Fig. 8—Blocking capacitor Cs in series with LN to resonate 
the grid-cathode capacitance Co. 
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Fig. 9—Bridge neutralization using grid-to-cathode 
capacitance as one arm. 

justed to the correct value at each operating frequency. 
(c) The analogy of the foregoing to the familiar "coil 

neutralization" used in fixed-frequency broadcast and 
other transmitters leads to the circuit of Fig. 9 using the 
grid-to-cathode capacitance as one arm of a bridge cir-
cuit. Variations of this circuit are those of Figs. 10 and 
11. 

Fig. 10—Alternate method of coil neutralization 
from that used in Fig. 9. 

To analyze the effects of these circuits upon the source 
impedance, refer to (16). It is seen that the only variable 
is 13 and that if it can be kept close to unity the source 
impedance will remain low. Remembering that 13 was 
defined as the ratio of grid-cathode to grid-ground volt-
ages, we may draw the equivalent circuit of the cathode 
follower with bridge neutralization, look into the output 
terminals toward the tube, and deduce the source im-
pedance. The equivalent circuit is given in Fig. 12. It is 
unnecessary to consider Zk in the equations since it is 
across the bridge and does not disturb the ratio of the 
arms. Referring to Fig. 13, the equations to be solved 
are 

Z g5i2  Zli3 =  ein 

Z.ii — (Z.  ZL Zu5)i2  ZLi3 = 0 

Z2i1 ZLi2 — (Zs  ZL  ZI)is = 0. 

(18) 

(19) 

(20) 

Simultaneous solution of the above yields the currents 

• 
Fig. 11—Another method of coil neutralization 

than that used in Figs. 9 and 10. 

ein 

Fig. 12—Equivalent circuit of the cathode follower 
with bridge neutralization. 

which may then be used to find the desired ratio of volt-
ages. This is 

e,  Ci+C21- jwZLC1(C,H-C2) 
—   (21) 

ein  juIZL(Ci+C  -1- ak)(C. C2) 

The conditions for balance of the bridge are that the 
ratip CO; to C. should be the same as the ratio of imped-
ances on each side of the tank-circuit ground tap. This 
is expressed by 

C1  C O3 

C2  Cn 

If (22) is substituted in (21) there results 

= 
Cgk 

This simple relation is seen to contain no frequency 
term. Since the tuning capacitor CI is nearly always 
much larger than the grid-to-cathode capacitance  
is nearly always close to unity. 
If the circuit of Fig. 11 is used, the output voltage 

may be increased by making C2=nCi and CN= nCgk, 
where n >1. Equation (23) still holds. 
Theoretically, for perfect balance to exist it is neces-

sary that the stray reactances on both sides of the tank 
circuit be balanced, and that if a resistor is used in series 
with the grid another be placed in series with the neu-
tralizing capacitor. In practice, sufficiently good results 
are usually obtained without these precautions. With 
any of the three neutralizing circuits shown Figs. 9, 10, 
or 11) measurements indicate that the source impedance 
is constant to about 10 per cent when the grid circuit is 
tuned through resonance. Even better operation can be 
obtained at one frequency by careful adjustment. 
Circuits in which the coil center tap is grounded for 

rf should be avoided as they will tend to oscillate at the 
resonant frequency of the circuit between grid and 
ground, usually 20 or 30 Mc. Parasitics in the split ca-
pacitor circuits shown (Figs. 9 and 11) usually occur at 
frequencies determined by the lead path from the grid 
through the upper half of the split capacitor to ground. 

(22) 

1 
It 

.95 e g  

i 51 C,T 

(23) 

Fig. I3—Circuit analysis of the currents Which are used 
to find the desired ratio of voltages. 
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This path is normally much shorter so that the oscilla-
tion has a frequency of several hundred Mc and is much 
less vigorous. In all split-capacitor circuits tested in the 
frequency range from 2 to 30 Mc. a grid resistor of 47 
ohms was sufficient for complete stability, and a value 
of 10 ohms was sufficient in many cases. 
It is important to keep this resistor as small as possi-

ble, since it may have a serious effect on the input cir-
cuit Q at the higher frequencies. This is due to the fact 
that the grid circuit voltage causes a current to flow 
through a path composed of the grid-cathode capaci-
tance, the neutralizing capacitance, and the grid re-
sistor. The loss due to this current results in a lowering 
of the Q of the input circuit. The amount of loss is di-
rectly proportional to frequency squared since the cur-
rent is proportional to frequency. 
By simple transformations, it is possible to postulate 

an equivalent resistance in series with the tank circuit 
producing the same loss. The working Q of the circuit 
can then be expressed in terms of the unloaded Q, the 
circuit parameters, and the frequency. The relation is 

Qat = 

where 

wL 

caL  n2C 
  (FQ R„)(   

+ n)  nC012) 

(R„<< X„) 

With commonly used circuit values, a grid resistor of 
47 ohms will lower the circuit Q by one half at 20 Mc. 

IV. PERMISSIBLE INPUT VOLTAGE 

One aspect of cathode follower operation not usually 
stressed in the literature is the effect of a complex cath-
ode load on the magnitude of signal which may be ap-
plied to the input circuit. 
Consider the case where the cathode load is a complex 

impedance. Then the input and output voltages have a 
phase angle a as discussed before, and it is found that 
the grid-to-cathode voltage, which is the vector differ-
ence between the input and output voltages, must of 
necessity become comparable to those voltages when a 
assumes moderate values. The magnitude of this effect 
depends on the value of the gain I AI as well as the angle 
a, being greatest when I AI is large. It is easily evalu-
ated by setting the the output voltage equal to the in-
put voltage times the complex gin. Thus 

eo = E,A la.  (25) 

The grid-cathode voltage e, is given by 

(24)  = Ea — -eo = E,(1 — Ala). 

Dividing (26) by (25) gives 

e.  1 

(4/, = reactance of tank coil 
Q= unloaded Q of tank coil 
R0= grid resistor 
RN =resistor in series with neutralizing capacitor 

if used 
C= total effective tuning capacitance 

Qeff =effective Q of input circuit 
n = Crti Cpk• 

lAl 

—  —  — 
eo ALL1 

(26) 

.(27) 

Equation (27) is plotted in Fig. 14 for various values of 
a. Inspection of Fig. 14 shows that for moderate gains 
of the order of 0.8, the grid-to-cathode voltage becomes 
equal to the output voltage at a=45° so that the signal 
which may be handled under class A conditions is quite 
limited. The ratio of grid-to-cathode voltage to input 
(grid-to-ground) voltage is found by dividing the above 

result by I Al. 

ex•Ce  cd..5° .x. M.  

, 

IIIIIIIIIIIIIII 
16 

"N. )5 
_ 

A  = 42-

E9 N\i 

34 

D2 

t d k 0 1 

9  ii .01  .02  .03  04 

06  06 01 02  03  04 
e. 

eo 

06  06 1 

Fig. 14—Ratio of e./e. for various values of complex gain factor A/a. 
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Noise from Current-Carrying Resistors 20 to 500 Kc* 
R. H. CAMPBELL, JR.t, STUDENT MEMBER, IRE, AND R. A. CHIPMANt, SENIOR MEMBER, IRE 

Summary—Measurements have been made of the effect, first 
studied by Bernamont that when a direct current is flowing through 
certain types of resistors, the noise voltage generated at their 
terminals is considerably in excess of the thermal value. The effect 
has been investigated for solid carbon-composition, "metallized," 
palladium film, and "cracked-carbon" resistors, for resistance values 
from 1,000 to 30,000 S2, currents from 1 to 10 milliamperes, and at 
frequencies between 20 and 500 kc. 

For some individual resistors, especially of the solid carbon-
composition type, the noise voltage measured at any frequency in 
the range stated (with direct current flowing) showed much larger 
fluctuations than those characteristic of thermal noise, with a de-
tecting system having a response up to a few cps. The fluctuations 
frequently reached peak amplitudes of several times the mean 
level of the noise. Several records of the fluctuations, taken on a 
recording meter, are shown. The fluctuations were particularly large 
when the current was first applied to any resistor, while its resistance 
changed to a stable value at a higher temperature, suggesting an 
analogy to the Barkhausen effect in the magnetization of ferromag-
netics. No simple correlation of the occurrence of the fluctuations 
with other factors has been found. 

I. INTRODUCTION 

1
 r  -1 HAT NOISE in excess of thermal noise is gen-

erated by certain types of resistors when a steady 
current flows through them was first observed in 

detail by Bernamont in 1934,7-4  although a brief refer-
ence to what was probably the same phenomenon was 
given by Hull and Williams in 1925,' and a similar effect 
for a mixture of granular carbon particles was mentioned 
by Kawamoto in 19196 and by Frederick in 1931.7 
Bernamont found the spectral density of this extra 

noise to be often many times that of thermal noise for 
the same resistor, and to show a marked decrease with 
increase of frequency. Since Bernamont, many investi-
gations, both theoretical and experimental, have been 

• Decimal classification: R138.6 X R383.1. Original manuscript re-
ceived by the Institute, September 16, 1948; revised manuscript re-
ceived, December 1, 1948. 
t Formerly, Radio Research Laboratory, McGill University, 

Montreal, Que.; now, Minshall-Estey Organ Co., Brattleboro, Vt. 
McGill University, Montreal, Que. 

' J. Bernamont, "Resistance fluctuations in thin metal films," 
Compt. Rend. (Paris), vol. 198, pp. 1755-1758; May 14, 1934. 

2 J. Bernamont, "Experimental study of resistance fluctuations in 
thin metal films," Compt. Rend. (Paris), vol. 198, pp. 2144-2146; 
June 18, 1934. 

J. Bernamont, "Potential fluctuations at the terminals of a me-
tallic conductor of small volume through which a current is passing," 
Ann. de Phys., ser. XI, vol. 7, pp. 71-140; January, 1937. 

J. Bernamont, "Fluctuations in the resistance of thin films," 
Proc. Phys. Soc. (London), vol. 49, pp. 138-139; extra part, August, 
1937. 

A. W. Hull, and N. H. Williams, 'Determination of elementary 
charge E from measurements of shot-effect," Phys. Rev., vol. 25, pp. 
147-173; February, 1925; p. 173. 

'T. S. Kawamoto, Unpublished report, Engineering Division, 
Western Electric Co., April, 1919; see reference 12. 

H. A. Frederick, "Development of the microphone," Bell Tel. 
Quar., vol. 10, pp. 164-188; July, 1931. 

made of this type of noise. 6-11  The experimental results 
have commonly shown that the spectral density of this 
noise is proportional to some power of the current close 
to 2 (values from 1.5 to 2.7 are reported) and for fre-
quencies below about 10 kc varies inversely as the first 
power of the frequency. At higher frequencies, the 
spectral density decreases more rapidly. 
No name has so far been attached to this additional 

component of noise from current-carrying resistors. We 
will refer to it as current noise throughout this paper. 
This paper presents more comprehensive data than 

has so far been reported on current noise from several 
types of solid carbon-composition and "metallized" 
(i.e., carbon-composition film) resistors in common use, 
showing variation with resistor type, resistance value, 
dc current, and frequency. Measurements have been 
made with one-half, 1-, and 2-watt resistors, having 
resistance values between 1,000 and 30,000Q, carrying 
steady currents of 1 to 10 milliamperes, the noise output 
being measured at frequencies between 20 and 500 kc. 
There is also described in some detail another noise 

phenomenon, to which only one slight reference has pre-
viously been reported,3 a case of current-noise voltages 
whose fluctuations about their mean value far exceed 
the fluctuations characteristic of thermal or shot-effect 
noise, for the same mean value of noise and otherwise 
identical conditions of measurement. 

II. APPARATUS AND METHOD OF MEASUREMENT 

Fig. 1 shows a block diagram of the equipment used in 
the noise measurements. The resistor under test is 
mounted (closely shielded) in unit A, which contains 

° Leon Brillouin, "Fluctuations of current in a conductor," Heir. 
Phys. Ada, vol. 7, special supplement, pp. 47-67; 1934. 
• George W. Barnes, "Concerning the fluctuations of current in a 

high resistance," Jour. Frank. Inst., vol. 219, pp. 100-107; January, 
1935. 

1° R. Otto, "Noise from carbon microphones," Hochfreq. and 
Elektroak., vol. 45, pp. 187-198; June, 1935. 
n E. Meyer, and H. Thiede, "Resistors of thin carbon films," 

Elek. Nach. Tech., vol. 12, pp. 237-242; August, 1935. 
12 C. J. Christensen, and G. L. Pearson, "Spontaneous resistance 

fluctuations in carbon microphones and other granular resistances,'' 
Bell Sys. Tech. Jour., vol. 15, pp. 197-223; April, 1936. 
la M. Sur.din, "Fluctuations of thermionic current and 'flicker ef-

fect'," Jour. Phys. Radium, ser. VII, vol. 10, pp. 188-189; April, 
1939. 

14 B. Davydov, and B. Gurevich, "Voltage fluctuations in semi-
conductors," Jour. Phys. (URSS), vol. 7, pp. 138-141; March, 
1943. 

14 L. I. Schiff, "Noise in radar crystal detectors," (Abstract), 
Phys. Rev., vol. 69, p. 682; June 1 and 15, 1946. 

E. J. Harris, W. Abson, and W. L. Roberts, "Semi-conductor 
noise at low frequencies," T.R.E. Report T 2051 (unclassified), No-
vember 22, 1946. 

17  P. H. Miller, Jr., "Noise spectrum of crystal rectifiers," PROC. 
I.R.E., vol. 35, pp. 252-256; March, 1947. 
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the necessary power supply, filters, chokes, etc., to al-
ow passing measured dc currents up to several milli-
lmperes through the resistor, while maintaining a 
suitably high shunt impedance across it at the fre-
quency of measurement. The unit also contains a noise 
liode (British type CV172), with auxiliary circuits, 
which is used as a calibration-noise source. Its load is a 
noninductive wire-wound resistance. 

T UT 

RESISTOR 

D C SOURCE 

DIODE 

CALIBRATOR 

A 

BROAD-BAND 

LINEAR 

AMPLIFIER 

10 KC/SEC 

700 KC/SEC 

TR F 

AMPLIFIER 

II KC/SEC 

TO 

BOO KC/SEC 

CATHODE 

FOLLOWER 

AND 

THE 

GALVO 

CHOPPER 

ETC  AND 

RECORDING 

METER 

Fig. 1—Schematic diagram of the apparatus used 
in the noise measurements. 

The noise output of unit A is amplified by unit B, 
which is a broad-band linear amplifier with cathode-
follower output to unit C. The maximum gain of unit 
B is about 33 db over the frequency range 10 to 700 kc. 
Unit C is a modified low-frequency radio receiver 

type TE236B, built by RCA Victor Co., Ltd., Canada, 
for the Royal Navy. This tunes over the frequency 
range 15 to 600 kc. The 3 tuned amplifier stages result 
in an effective noise- bandwidth that varies from about 
1 to 4 kc over the tuning range of the amplifier, having 
the lower value at the lowest frequency. The calibration 
method used in the measurements makes it unnecessary 
to know this bandwidth. 
The output of unit C goes to a cathode follower in 

unit D, the output of which is 'capacitively coupled to 
the heater of a vacuum thermocouple. The output of the 
thermocouple is filtered with a low-pass filter. For mean-
square noise-voltage measurements, it is then connected 
directly to a galvanometer. To obtain a record of the 
fluctuations in the filtered thermocouple output, it is 
fed to unit E, where it is chopped at 60 cps by a "high-
speed" relay. The chopped signal is amplified, rectified, 
filtered, and fed to a recording milliammeter of maxi-
mum range 5 milliamperes. While the input to the 
thermocouple is at the frequency to which unit C is 

P1/4- tuned, the highest frequency in its output voltage is 
limited by its thermal time constant, which is of the 
order of 0.1 seconds. The time constant of the recording 
meter is somewhat higher than this, but less than 0.5 
seconds. The filters used have low attenuation at fre-
quencies below 10 cps. The result is a recording system 
whose response begins to fall off at a frequency of about 
1 cps and is small at frequencies above 10 cps. 

III. EXPERIMENTAL MEASUREMENTS 

1. Calibration Technique 
irn 

For any test resistor in unit A, if the filtered output 
voltage of the thermocouple in unit D has only "normal" 
fluctuations, this voltage is a quasi-linear function of the 
mean-square noise voltage at the input of the thermo-

couple, which noise voltage is made up of contributions 
from shot effect, flicker effect, thermal noise, and cur-
rent noise. However, mean-square noise voltages from 
various sources are directly additive in producing the 
resultant mean-square noise voltage, provided the volt-
age amplification of the apparatus involved is linear for 
the range of amplitudes covered. 
If, therefore, the test resistor terminals in unit A are 

shorted, the thermocouple output voltage will then be a 
measure of the noise generated in the amplifier itself, 
which noise will remain as a constant mean-square com-
ponent when additional noise is added. When a test re-
sistor is connected, the thermocouple output will in-
crease because of the thermal noise contributed by the 
resistor. 
If now a small dc current is caused to flow through the 

test resistor, it is found in general (but not with wire-
wound resistors), that the thermocouple output rises 
again, the increase in this case being due to a current-
noise component. The amount of this current-noise con-
tribution can be measured by connecting the diode noise 
generator in place of the test resistor and adjusting its 
plate current to give the same two thermocouple outputs 
that were recorded for the test resistor with and without 
the dc current flowing. From the well-known calculable 
noise properties of a saturated diode, the spectral den-
sity of the current noise, expressed for example as mean-
square volts per 1 cps noise bandwidth, can be found 
from the values of the diode plate current and the diode 
load resistor. The gain, frequency, and bandwidth of 
the intervening amplifiers are not involved in the cal-
culation. 
This is the method of measurement and calibration 

that has been used throughout the present work. It 
means that values given for current-noise spectral den-
sity for any resistor are for that component of noise 

alone. 

2. Mean-Square Current-Noise Voltages 

The current-noise output of a typical one-half watt 
"metallized" resistor having a dc resistance of 11,1000 
is shown in Fig. 2 as a function of current and frequency. 
At any frequency, the variation is as the square of the 
current, within experimental error. The variation with 
frequency at any current, however, does not follow a 
simple law over the frequency range of the measure-
ments. At frequencies below 50 kc, the very limited data 
suggest that the noise spectral density varies as an in-
verse power of the frequency somewhat less than unity. 
At higher frequencies, an inverse power of about 1.6 is 
indicated. 
It is evident that the frequency-variation law is inde-

pendent of current, and that the current-variation law 
is independent of frequency. 
Frequency-variation data similar to that of Fig. 2 for 

6 different types of resistors of approximately equal dc 
resistance and all carrying the same value of constant 
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Fig. 2—Spectral density of current noise for a one-half watt "metal-
lized" resistor, dc resistance 11,100 9, resistor A of Table I. (a) as 
a function of current at various constant frequencies; the full lines 
have a slope of 2; the broken line is the theoretical spectral density 
for thermal noise at room temperature. (b) as a function of fre-
quency at various constant currents; the curves are of identical 
shape with vertical displacement; the negative slope at low fre-
quencies is slightly less than I, and at high frequencies is about 
1.6. 

dc current are given in Fig. 3, which shows that tht physi-
cal nature of a resistor determines very markedly the 
magnitude of its current-noise output. The frequency-

N 
20  50  100 200  500 
FREQUENCY -AC/SEC 

Fig. 3—Spectral density of current noise for 6 different types of re-
sistor (see Table I below) as a function of frequency. The current 
in each case is constant at 5 milliamperes. The range of dc resist-
ance is from 9,800 to 11,100 St 

TABLE 1 

Resistor DC 
Resistance it 

Wattage 
Rating 

Type 

A 11,000 
11,000 
10,300 
9,800 

10,300 
10,200 
11,400 

"metallized" 
"metallized" 

2  "metallized" 
carbon composition 
(Ohmite Little Devil) 

1  "cracked carbon" 
1  palladium film 

carbon composition 

variation law, however, is apparently identical for the 

different resistors. 
Measurements on a large number of each of 3 types 

of resistors, and covering a range of resistance values, 
are plotted in Fig. 4. The frequency and the dc current 

(a)  (b) 

2 
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Q ,0-14 

4  5 
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0. 
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z 2 
4 
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/S • 

• 

S. 

:* 

2  5  10  20  2  5  10 
RESISTANCE - THOUSANDS OF OHMS 

20 

Fig. 4 --Spectral density of current noise for 79 resistors of 3 types, as 
a function of dc resistance value. The current is 5 milliamperes 
and the frequency of measurement 150 kc in every case. (a) the 
open circles are for 1 watt "metallized" resistors (including re-
sistor B of Table I); the black circles are for one-half watt carbon-
composition resistors (including resistor D of Table I). (b) one-
half watt "metallized" resistors (including resistor A of Table I). 
The full lines have a slope of 2. The broken lines show the corre-
sponding theoretical thermal noise level and have a slope of 1. 

are constant throughout. This shows that apparently 
identical resistors (see the points for 20 1-watt "metal-
lized" resistors having dc resistances between 11,000 and 
12,0000) have current-noise outputs varying by a factor 
of 20. It is, therefore, not possible to infer with any ac-
curacy a resistance-variation law for current noise. The 
full lines shown correspond to a square law of variation, 
which does appear to fit the data at least better than a 
line corresponding to a first-power law, which would be 
parallel to the dotted thermal-noise line.  . 

3. Fluctuations in Current-Noise Voltages 

While making the current-noise measurements de-
scribed in the last section, it was found that, for some 
resistors and currents, the galvanometer indicating the 
thermocouple output fluctuated wildly. This was in 
marked contrast to its fluctuations when the noise input 
to the amplifier was either thermal noise or diode shot-
effect noise, in which cases its peak fluctuations did not 
exceed about 5 per cent of its mean reading, a figure 
which is in reasonable quantitative agreement with the 
theoretical conclusions of Rice" who has calculated 
what the ratio of standard deviation to mean value 
should be for random noise energy, as a function of 
bandwidth and averaging time for any detector. While 
his calculations are for noise with a spectral density in-

" S. 0. Rice, "Filtered thermal noise—fluctuation of energy as a 
function of interval length," Jour. Acous. Soc. Amer., vol. 14, pp. 
216-227; April, 1943. 
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dependent of frequency, the variation of spectral density 
of current noise over the bandwidths used in the present 
work is sufficiently small that his conclusions should 

apply. 
Unit E of the apparatus, described in section II, was 

t designed to permit comparison of these low-frequency 
fluctuations in the current-noise output of different re-
sistors, by making graphical records of the thermocouple 
!output voltage as a function of time. 
Fig. 5 shows portions of typical records of these fluc-

i tuat ions. 

T ms=. r 

Fig. 5—A, B, C, and D are 35-minute sections of a continuous 16-
hour record of fluctuating current noise from a one-half watt 
carbon-composition resistor (resistor G of Table I). The time scale 
is from right to left. The current is constant at 5 milliamperes and 
the frequency of measurement 150 kc throughout. The amplifier 
gain is the same for all four traces, and for trace E. 
Trace A—the initial 35 minutes of record after connecting the re-

sistor; 
Trace B—a section showing very low fluctuation; 
Trace C—a section showing average fluctuation; about one half 

the 16-hour record was similar to this; 
Trace D—a section showing large fluctuations; 4 or 5 sections of 

this type occurred during the 16-hour record. 
Trace E is for comparison and shows nonfluctuating current 
noise from resistor A of Table I. The vertical scale of the charts, 
while not linear, is indicated roughly by the location of trace E. 
which from Fig. 2 corresponds to a noise spectral density of 
8X10 ' mean-square volts per 1 cps bandwidth. 

Trace E is a representative section from a continuous 
8-hour record of the noise output (mainly current noise) 
from a one-half watt "metallized" resistor of dc resist-
ance 11,100R (resistor A of Figs. 2 and 3 and Table I), 
carrying a current of 5 milliamperes. The measurement 
frequency was 150 kc. The fluctuations in this record 
are of the same magnitude as occur in records of shot-
effect noise or thermal noise having the same mean level. 
They may, therefore, be regarded as "normal" fluctua-
tions. 
Traces A, B, C, and D are sections from a single con-

tinuous 16-hour record of the noise output from a one-

half watt solid carbon-composition resistor, dc resistance 
11,4000 (resistor G of Table I). The amplifier gain, the 
dc current, and the measurement frequency are the same 
as for trace E. 

Fig. 6—Fluctuations of current noise as a function of current. Th.': 
traces at the left are for resistor A of Table I, those at the right 
for resistor G. The frequency is 150 kc. 

Fig. 6 shows records, each of a few minutes duration, 
of the noise from the same two resistors for various val-
ues of dc current. All the conditions for the 5-milliam-
pere record from resistor G are the same (except amplifier 
gain) as in Fig. 5. The fluctuations in Fig. 6 appear by 
comparison to be below average for this particular re-
sistor. 
A large number of traces taken with these and other 

resistors and at frequencies from 20 to 500 kc, all other 
factors remaining constant, show no change in the na-
ture of the fluctuation phenomenon with amplifier fre-
quency for any one resistor. Quantitative data have not 
been obtained, nor has it been possible to determine 
whether or not the abnormal fluctuations are simul-
taneous at different frequencies. 

. IV. RELATION OF EXPERIMENTAL RESULTS TO 
PREVIOUSLY PUBLISHED WORK 

Attempts to develop theoretical expressions for the 
spectral density of current noise as a function of current 
and frequency have most commonly arrived at an equa-
tion of the form 

1 
1 ±  co y 

where A is the spectral density (for example in mean-
square volts per unit bandwidth) at frequency f with 
current I flowing, co is 27rf and 7 is some characteristic 
time of the postulated noise mechanism. Various physi-
cal significances have been attached to r, such as the 
free life of the conduction electrons between release and 
capture," a time constant of fluctuations in the total 
number of current carriers,4 and the time of influence 
of stray atoms on boundary layers." 
If T is single valued, this form of equation implies a 

spectral density independent of frequency at low fre-
quencies, and having an inverse square variation at high 
frequencies. Some small intermediate range of fre-
quencies would show an inverse first-power relationship. 

A(f, I) = constant • /2 
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Experimentally, no one seems ever to have observed 
low-frequency spectral density variation at any inverse 
power of the frequency appreciably different from unity, 
even at frequencies as low as 0.3 cps." The present 
work does not include data at sufficiently low fre-
quencies for comparison with these results, but is in 
agreement with the original observations of Bernamont' 
at frequencies above 25 kc in finding current-noise spec-
tral density to vary as an inverse power of the frequency 
greater than 1 and approaching 2. None of the other 
papers listed shows data for this frequency range. 
A formula of the type mentioned does not fit the re-

sults of the present work as given in Figs. 2 and 3 if r is 
assumed to be single valued. It is obvious that for some 
distribution of values of T such an equation could be 
made to fit any curve of this general shape. 
The theories of current noise which have specifically 

included resistance value as a variable have predicted 
variation of mean-square noise voltage as the square of 
the resistance value." The results shown in Fig. 4 are 
not incompatible with this. 
The fluctuating current noise described in section III, 

(3) above seems not to have been described previously 
except for 2 passing comments in Bernamont's major 
publication' about experimental situations where his 
galvanometer deflections showed "mean-square fluctua-
tions as much as 5 per cent of the mean deflection." 

V. CONCLUSIONS 

The results given in Figs. 3 to 6, and a great deal of 
additional data, lead to the following conclusions as to 
the relative merits of different types of resistors with re-
spect to mean-square current noise and abnormally 
fluctuating current noise: 
(a) The single palladium-film resistor available 

showed considerably less current noise than any other 
single resistor of comparable resistance value tested, ex-
cept noninductive wire-wound units. 
(b) For the same dc resistance, power rating, and 

conditions cf measurement, the best solid carbon-com-
position resistors showed markedly less current noise 
than the best "metallized" resistors; on the other hand, 
many makes of solid carbon-composition resistors 
showed more noise than the noisiest equivalent "metal-
lized" units. 
(c) For equal power dissipation and similar measure-

ment conditions, resistors of a given make having low 
power rating generally showed more current noise than 
those with a higher power rating; resistors A, B, and C 
in Fig. 3 are all the "metallized" type, made by 1 manu-
facturer, and all are dissipating the same amount of 
power (within 10 per cent), but have respectively power 
ratings of one-half, 1, and 2 watts. Whether this is a 
temperature phenomenon or a volume effect (as sug-
gested by Brillouin" for thin metal films) has not been 
determined. 
(d) Without exception, all records of current noise 

from solid carbon-composition resistors have shown ab-

normal fluctuations. About half the "metallized" re-
sistors tested have shown only normal fluctuations, com-
parable to those characteristic of thermal and shot-
effect noise. Many solid carbon-composition resistors 
have shown fluctuations much greater than the greatest 
obtained from " metallized" resistors. 
(e) A high mean level of current noise is not necessar-

ily accompanied by fluctuations. Trace E of Fig. 5, for 
example, shows much greater mean level of current noise 
than the other 4 traces, but much less fluctuation. Fig. 
6 shows, as might be expected, that for any one resistor, 
the amplitude of the fluctuations in the current noise 
does increase as the mean noise level increases (resistor 
G of Table I). Traces of current noise without abnormal 
fluctuations (resis.tor A of Table I) are shown for com-
parison. Rough calculations suggest that the amplitude 
of the fluctuations increases as about the fourth power 
of the dc current carried by the resistor. 

It can be said that, in general, large fluctuations oc-
cur only when the mean level of the current noise is 
high, but that there are frequent exceptions, especially 
with solid carbon-composition resistors. 

In cases where the current noise is less than the 
thermal noise, as for resistor F in Fig. 3, the normal 
fluctuations of the thermal noise conceal any abnormal 
current-noise fluctuations that might exist. 
Trace A of Fig. 5 shows a frequently observed phe-

nomenon that is probably significant. In many records, 
the fluctuations observed during the first few minutes 
after connecting a resistor were much greater than in 
the rest of the record. This suggests that while the re-
sistance is changing to its final equilibrium value at a 
temperature above room temperature, the change may 
occur in discontinuous steps, each step producing a 
pulse of noise voltage because of the current flowing and 
the nature of the coupling circuits. An analogy with the 
Barkhausen effect in the magnetization of iron is sug-
gested. The magnitude of the fluctuations observed 
must mean internal rearrangements in the resistor ma-
terial involving units of a very large number of atoms. 

In conclusion, it is suggested that, in many practical 
situations, the selection of a resistor for either low mean 
current-noise level, or for low amplitude of current-
noise fluctuations, may lead to improved operating con-
ditions. It seems likely that current noise may often be 
the major component of the total noise in such equip-
ment as broad-band amplifiers at audio and low radio 
frequencies when carbon-composition type resistors are 
used in coupling circuits. 
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An Analysis of the Sensing Method of Automatic 
Frequency Control for Microwave Oscillators* 

EUGENE F. GRANTt, ASSOCIATE, IRE 

Summary—An analysis is made of the type of automatic-fre-
luency-control circuit that uses a simple cavity resonator for the 
;table element and either frequency modulation of the controlled 
millator or modulation of the cavity resonance frequency to obtain 
:ffective discriminator curves which give a null output for a fre-
juency equal to the average cavity resonance frequency. An analysis 
s made of the complete automatic-frequency-control loop gain, in-
luding the transmission through the cavity as a function of the 
7arious parameters and the frequency-modulation swing. A discus-
:ion is presented of the best method of decreasing the pulling of the 
mcillator frequency by the cavity, and the pulling of the cavity fre-
luency by a load which has a variable susceptance. 

GLOSSARY 

A = the power attenuation between the oscil-
• lator and the cavity. 

A2 = The power attenuation between the cavity 
and the detector 

a, b, c, d= the constants characterizing the general 
four-terminal network 

C( W, 17, n) =the foyrier component coefficient of the 
frequency modulation present in the de-
tected output 

(5= per unit frequency change 
D( W, V, n) =the second fourier component coefficient 

of the frequency-modulation frequency 
present in the detected output 

E(t) =the detected output voltage as a function 
of time 

Eel = the fundamental component of the sensing 
frequency in E6(t) 

Ea =the second-harmonic component of the 
sensing frequency in E(t) 

Fi=the voltage across the input terminals of 
a four-terminal network 

E2= the voltage across the output terminals 
of four-terminal network 

f= the instantaneous frequency of the oscil-
lator 

fo = the resonant frequency of the cavity 
AF= the total frequency modulation or cavity 

resonant frequency swing 
Af =the center frequency deviation of the 

oscillator from Jo 
fni =the frequency-modulation sensing fre-

quency 
G = the loop-gain, measured by breaking the 
loop at any point 

• Decimal classification: R355.6 X R119.39. Original manuscript 
received by the Institute, November 17, 1947; revised manuscript re-
ceived August 19, 1948. 
t Electronic Research Laboratories, Air Materiel Command, 

Cambridge 39, Mass. 

G„=the ratio of the output of the phase dis-
criminator to the input of the amplifier 

Gf = the ratio of the frequency deviation of the 
oscillator to the control-element displace-
ment. (This may be either a voltage or a 
mechanical displacement depending on 
the control method used.) 

/1= the current flowing into a four-terminal 
network 

12= the current flowing out of a four-terminal 
network 

Kn =detector constant; E‘(/)=K„Pcni2 
n = the detector-law exponent; n is equal to 
unity for a linear detector, and to 2 for a 
square-law detector 

P010 = the power output of the oscillator 
Pc=power incident on crystal detector 
Q2= the input Q of the cavity 
Q2= the output Q of the cavity 
Qo = the unloaded Q of the cavity 
QL =the loaded Q of the cavity 

(206C =  the loaded Q of the oscillator 

OC(0, V, n)  0C(W, v, 
  w = o 

aw  aw 

T = power relative to incident power trans-
mitted through a cavity 

0= 271„,t 
V =QLAF/fo, which is the frequency-modulat-
ing swing in terms of the cavity 3-db 
bandwidth 

W=2Q1,Af/fo, which is the frequency devia-
tion in terms of one-half the cavity 3-db 
bandwidth 

Yin, Yout =admittance relative to the admittance of 
matched load. 

INTRODUCTION 

HERE ARE several methods of accomplishing 
automatic frequency control of oscillators operat-
ing in the microwave region. The five methods 

which are commonly used at present are: 
1. The Pound dc discriminator.L2 
2. The Pound ac discriminator.2.3 

I R. V. Pound, "Frequency stabilization of microwave oscillators," 
PROC. I.R.E., vol. 35, pp. 1405-1415; December, 1947. 

2 C. G. Montgomery, "Technique of Microwave Measurements, 
Radiation Laboratory Series No. 11," McGraw-Hill Book Co., Inc., 
New York, N. Y., 1947. 

'W. G. Tuller, W. C. Galloway, and F. P. Zaffarano, "Recent de-
velopments in frequency stabilization of microwave oscillators," 
PROC. 1.R.E., vol. 36, pp. 794-800; June, 1948. 

I. 
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3. The use of absorption lines.' 
4. The method of frequency modulation. 
5. The method of resonant-circuit sensing.6 
Some of the design details of the methods (4) and (5) 

are to be discussed in this paper. As in all control sys-
tems, the general method of operation is as follows: The 
frequency of the oscillator is compared with that of the 
stable element (in this case a resonant circuit or a cavity 
resonator), with the result that a voltage (or a displace-
ment) proportional to the amount of deviation is pro-
duced. This voltage is then applied to a frequency-con-
trolling element on the oscillator in such a direction as 

to return the oscillator frequency to the frequency of the 
stable element. In the microwave region, a transmission 
cavity can be made to have the property that the power 
transmission is a maximum at a particular frequency, 
but decreases very rapidly as the frequency is deviated 
from that of maximum transmission. Such cavities can 
be made to have very high Q's and a relatively stable 
resonant frequency. A cavity cannot be used directly 
as the stable element, since the transmission is an even 
function of the frequency deviation from resonance. 
Therefore, no information can be obtained from the 
output, whether the deviation is plus or minus. One 
method of realizing a voltage which shall be pqsitive or 
negative dependent upon the direction of the deviation 
of the oscillator frequency is to apply a small amount of 
frequency modulation to the oscillator frequency. It 
will be observed in Fig. 3 that the output of the cavity 
will be amplitude modulated by an amount which is 
dependent upon the relative amount of frequency 
modulation and the average oscillator frequency. In 
particular, it will be observed that the phase of the re-
sulting amplitude modulation reverses with respect to 
the phase of the frequency modulation when the oscil-
lator frequency passes from above the cavity resonance 
frequency to below it. This fact is made use of by pro-
viding an amplitude-modulation detector (usually a 
silicon crystal detector for the microwave region) at the 
output of the cavity, and a suitable amplifier to operate 

FREQUENCY 
CO NTROL GEO 
OSCILLATOR 

Frequency   
Coolt ro///nf....> " 
Element_ 

° WN W 

PHASE 
cuscu,Auvorose 

;77oci l re t eric 
E/emenr. 

SENSING 
FREQUENCY 
SOURCE 

A MPL NIE R 

USEFUL 
OUTPUT 

COUPLING 

RESONANT 
CAYITT 

YT-no d To 
DeserdPne9) 

ENVELOPE 
DETECTOR 

Fig. 1—Schematic of the frequency-modulating method 
of automatic frequency control. 

4 W. V. Smith, Jose L. Garcia de Quevedo, R. L. Carter, and 
W. S. Bennet, "Frequency stabilization of oscillators by spectrum 
lines," Jour. Appi. Phys., vol. 18, p. 112; January, 1947. 

'G. G. Gerlach, "A microwave relay communications system," 
RCA Rev., vol. 7, pp. 560-600; December, 1946. 

a phase detector. The output of the phase detector is 
then not only proportional to the magnitude of the 
deviation of the average oscillator frequency from the 
resonant frequency of the cavity, but agrees with the 
algebraic sign of the deviation. Fig. 1 is a complete 
schematic of such a system of control. The sensing fre-
quency is defined as the rate of the frequency modula-
tion on the oscillator. 
From the point of view of the over-all system be-

havior, it makes little difference whether the oscillator 
is frequency-modulated or the reasonance frequency of 
the cavity is caused to vary about a mean frequency at 
the sensing frequency rate. The operation is essentially 
the same. This is the method of resonant-circuit sensing. 
Sere the schematic of this system in Fig. 2. Some over-all 

CONTROLLED 
OSCILLATOR 

(cCeneolle,G 
ELE MENT ) 

OUTPUT 

PHASE 
DISCRMAINAJON 

SENSING 
# 70 001 NC 
SO//ACE 

COUPI ING 

USEFUL 
OUTPUF 

4110.1 ,T/ ER 

RESONA NT 
COY Tr 

I E  To 
Yore Resonant 
Frequency ) 

ENVELOPE 
DETECTOR 

Fig. 2—Schematic of the resonant-circuit sensing method 
of automatic frequency control. 

design considerations will dictate which method is pref-
erable. There are several methods available for causing 
the resonant frequency of a resonator or cavity to vary. 
(Since, in general; this paper will be concerned with a 
microwave system where cavities are generally employed 
as the resonant system, the word cavity will be used to 
indicate a resonator. However, the arguments and the 
analysis may be generally applicable to a system which 
operates at a frequency where lumped components may 
be used.) 

1. The cavity may be equipped with a diaphragm or 
a plate which is displaced harmonically at the sensing 
frequency, causing a variation of a suitable dimension 
of the cavity. 

2. The cavity could be constructed in such a manner 
that it could be resonant mechanically to the sensing 
frequency and driven in a suitable manner; a convenient 
means would be a piezoelectric crystal, a magnetostric-
tion bar, or even an electromechanical drive. The 
changing dimensions would effect a periodic change in 
the resonant frequency of the cavity. 

3. A variable reactance could be coupled to the 
cavity. A nonlinear element, such as a silicon or ger-
manium crystal, may be used if placed in a suitable 
network. 

In order to simplify the ensuing discussion and argu-
ments, only the method of frequency modulation will 
be discussed. However, from the standpoint of analysis, 
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the systems are practically identical. It is only a ques-

tion of the reference for the time scale. Hence, to apply 
this discussion to a resonant circuit sensing system, it 
is only necessary to realize that the frequency swing of 
the cavity from its resonant point is identical to the 
frequency-modulation swing of the oscillator. 

RE SONANCE 

CURVE 

TIME 

TIME 

FIRST 

SERIF AT I VE 

FREQUENCY DEVIATION 

Fig. 3—Cavity characteristics. 

Fundamental to the design of a system which uses a 
.cavity in this manner for the stable element, is the rela-
tionship between the frequency-modulation swing and 
the sensitivity of the output of the phase detector in 
terms of the various circuit parameters. An important 
,element of the system is the amplitude-modulation de-
tector. Usually, this detector will be a crystal rectifier, 
which has a law relating the input amplitude to the 
output amplitude not easily described. However, for 
low-level operation the behavior will approach a square-
law relationship, and for high-level operation, the be-
havior will approach a linear relationship. The analysis 
0 is carried out for the square-law detector and the linear-
law detector. For the case where the operation is not 
described by either of these two laws, a heuristic ap-
proximation will have to be made on the basis of experi-
ence and the analyzed cases. It is more convenient to 
discuss the behavior of a cavity in terms of its Q's and 
resonant frequency fo than in terms of its equivalent 
lumped-constant parameters. The Q's and Jo are more 
.adapted to direct measurement in the physical system. 
An automatic frequency-control system using the 

trnethod of frequency modulation was developed by the 
.autloor for use as the beacon-frequency automatic-fre-
,quency-control system for the AN/A F'S-6 airborne 
:radar. 

GENERAL 

The various parameters of the control-system design 
ill be taken up in term. It is assumed that the fre-
quency at which the system is to operate has been de-
cided. It remains, then, to decide the various other 
cavity parameters, the loop gain of the system, and the 
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padding that must be inserted at various locations. A 
cavity must be chosen which has a resonant frequency 
of the desired stability. The normal frequency drift of 
the oscillator is ascertained to determine the amount of 
loop gain necessary to control it within the necessary 
limits. Since the system is a normal negative feedback 
system, the frequency drift of the controlled oscillator, 
relative to the resonant frequency of the cavity, is equal 
to the frequency drift of the oscillator uncontrolled di-
vided by one plus the loop gain. As will be seen later, 
the loop gain may be increased by increasing the un-
loaded Q of the chosen cavity, other factors remaining 
the same. The unloaded Q of a copper cavity is a func-
tion of the resonant frequency chosen and of its physical 
size. That is, a large E-mode cavity will have a much 
higher unloaded Q than a small re-entrant H-mode 
cavity for the same frequency. The physical size of the 
equipment may be a deciding factor in the unloaded Q 
obtainable.6 For economy in the design of a control 
system, each component should be used to its full 
capability. The loop gain of the automatic-frequency-
control circuit is controlled to a very large extent by the 
cavity parameters, and it would be wise to adjust those 
parameters such that the effective gain is the maximum 
obtainable commensurate with the other factors which 
must be considered. 
The analysis of the loop gain in a frequency-control 

system with frequency modulation will be based upon 

three assumptions. 
1. The sensing frequency and the frequency modula-

tion swing is sufficiently low that the cavity may be 
considered to be in steady state for each instantaneous 
frequency. This will be true if the sensing frequency is 
small compared to the 3-db bandwidth of the -cavity 
and if the maximum rate of change of the instantaneous 
frequency is less than the square of the 3-db bandwidth 

of the cavity. (The bandwidth must be expressed in 
cycles per second.)7 
2. The relationship between the envelope amplitude 

applied to the detector and the output voltage can be 
represented by either a square-law relationship or a 
linear relationship. 
3. The phase discriminator output is linearly related 

to the amplitude of the fundamental component of the 

detector output. 

ANALYSIS OF EFFECTIVE GAIN THROUGH THE CAVITY 

The cynosure for the analysis is the cavity behavior. 
It is convenient to treat the high-frequency energy in 
terms of the incident power rather than in terms of its 
voltage. The reason for this is that the incident power is 
a relatively easy quantity to measure. Further, for work 

• T. Moreno (editor), "Microwave Design Transmission Data," 
Sperry Gyroscope Co., Manhattan Bridge Plaza, Brooklyn I, N. Y., 
1944; chap. X. 

7 Balth van der Pol, "The fundamentals of frequency modula-
tion," Jour. IRE (London), vol. 93, pp. 153-158; May, 1946. 
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of this kind, it is not necessary to know absolute im-
pedance or admittance values, but only the relative 
values in the circuit. The Q's of the cavity are de-
fined or measured under the same conditions that it will 
have in the operating system. Some methods of measur-
ing the various Q's of a cavity have been described." 

= lin(2QL)n [ P.m/102 r f 

By Fourier's theorem, the fundamental component of 
the sensing frequency in the detected output is 

Eci =  f w E(t) sin Ode.  (6) 

Combining (5) and (6), it follows that 

—  [1  (W + V sin 0)2j-no sin Ode. 
QiQ2  ir 

It can be shown the instantaneous power transmitted 
through a cavity for a unit incident power is (see Ap-
pendix I) 

4Q1.2 
T — 

1 

Q022  [2QL(1 —   

Jo 

The instantaneous frequency of the oscillator may be 
expressed in terms of the sensing frequency f„„ the total 
frequency swing F, and the deviation of the center fre-
quency from the cavity resonant frequency and time. 
It is seen that 

[11.' 
= fo  +  5O 2J1. 

2 

(1) 

(2) 

Since the high frequency is most easily described in 
terms of incident power, it is convenient to express the 
detector law in terms of the relationship between its 
incident power and the voltage output. Since it is 
expressed this way, it is very easy to obtain the coeffi-
cient in the expression for the limiting cases experi-
mentally. Let the power from the cavity be fed through 
an attenuator to the crystal detector, which then will be 
considered to have an instantaneous output voltage re-
lated to the input power as follows: 

E,(1) = K„Pcn12.  (3) 

The combination of the previous expression and the 
effect of an attenuator between the cavity and the 
crystal detector and the effect of the decoupling between 
the oscillator and the cavity results in 

E(t) = K „(2Q W [ PoscAlA  ni2  

QiQ2 

[i 2Q Laf  QL.AF sin 27 )2]- 02 
11„,t  .  (4) 

The above expression can be much simplified by the use 
of some dimensionless constants. Substituting 147, V, and 
0 for the expressions 2QLZif/fo, QLAF/fo, and 21-f„,t, re-
spectively, results in the following: 

E(t) = Kn(2(20' 
Q1122 

• [1 + (W + V sin 0) 2]—n/2. 

[ PosoAlA 2j 12  

(5) 

O W. Altar, "Q-circles--a means of analysis of resonant microwave 
systems," PROC. I.R.E., vol. 35, pp. 355-361; April, 1947. 

(7) 

C(W, V, n)  r [1 +  ( W +  V sin 6)1-02  sin OdO. (8) 

C( W, V, 1) and C( W, V, 2) are evaluated in Appendix 
II. Figs. 4 and 5 show the plots of these functions with 

Fig. 4—Effective discriminator curves for a cavity and linear de-
tector, IV being proportional to the oscillator frequency deviation, 
while —C( W, V, 1) is the relative amplitude of the detector 
output at the sensing frequency. 

20 
04/ 

Fig. 5—Effective discriminator curves for a cavity and a square-law 
detector, IF being proportional to the oscillator frequency, while 
—C( W, V, 2) is the relative amplitude of the detector output at 
the sensing frequency. 

various values of V as a parameter, C(IV, V, n) is an 
odd function of IV, so it is only necessary to plot the 
function for positive values of IV. 
Since, in general, the operating point of the control 

system is near the IV origin, the function C( W, V, n 
may be approximated by the first term in its Taylor 
expansion 

OC(0, V, n) 
C(IV, V, n)   a w II', W << 1. • (9) 
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The response of the output to a frequency variation on 
the input is approximately linear, and the .system 
may be treated as a linear system. The expression 
9C(0, V, n)/a W may be computed as a function of V. 
(See Appendix III.) These results are plotted in Fig. 6. 

as 

011 

10 

V 
IL 

Fig. 6—Slope of the effective discriminator 
curves at resonance. 

These curves indicate that the function OC(0, V, n)/a W 
goes through a maximum as a function of V. For n 
equal to unity, the maximum occurs at V equal to 0.88, 
and for n equal to 2 the maximum occurs at V equal to 
0.707. This indicates that in the system under design, 
the amount of frequency modulation of the oscillator 
(or the amount of frequency swing of the resonator) 
can be adjusted to provide a maximum gain through 

the cavity system. 
The relationship between a small frequency deviation 

in the frequency of the power incident on the cavity and 
the fundamental component of the sensing frequency 
can now be completely stated and interpreted. From 
(7), (8), and (9), by substitution 

[P080A2A2 r2 c(Ø, V, n) 
Eci Kn(2QL)"   W,  (10) 

Q,Q2  aw 
but 

W = 2QrAf/fo 

ence 

aco, v, n) if 
K „(21 2 L)n-1-1 [P0.0A1A2 T  (11) 2 

Qi(22  aw  Jo 

It has been pointed out in a preceding paragraph that 
6C(0, V, n)/6 W may be maximized by the proper choice 
of V for the detector law in effect. In addition, the ex-
pression for Ed may also be maximized with the proper 
choice of Q relationships. As was pointed out in general 
section, the unloaded Q is usually determined by the 
ther physical factors in the system; so it remains to dis-
cover if there is a proper choice of the ratios of the win-
dow or loaded Q such that the ratio of Ea to if is a maxi-
mum. Differentiating the expression 

QLn+i 

(421Q2)" 12  

partially with respect to Qi and Q2, equating to zero, and 
solving, it is seen that for maximum Ed as a function of 

Qi and Q2, 

or 

and 

Or 

QI = Q2 = 241 
for n = 1, 

Qo = 2QL 

Qi = Q2 = Qo 
for n = 2. 

Qo  3QL 

(12) 

(13) 

(14) 

While it is very interesting that such a maximum oc-
curs, it frequently happens in the design of a system that 
is not desirable to take advantage of it for reasons to be 
considered. 

DISCUSSION OF OSCILLATOR STABILITY AND FREQUENCY 
PULLING 

In coupling resonant cavities to microwave oscillators 
a certain amount of care must be exercised to prevent 
two undesirable effects: 
1. If the cavity is coupled too strongly to the oscilla-

tor, the system may exhibit frequency discontinuities or 
jumps and refuse to oscillate at the cavity resonance fre-

quency. 
2. If the system is the type that uses the cavity-

resonance frequency sensing, the varying susceptance 
presented to the oscillator through the coupling may 
cause a slight frequency and/or amplitude modulation 

of the oscillator at the sensing rate. 
An excellent discussion of the first point appears in 

the literature." Ford and Korman derived a formula 
which relates the frequency pulling of an oscillator to 

the change in load susceptance 

(susceptance relative to matched admittance) 
ba —   (15) 

The load susceptance must, of course, be referred to the 
oscillator terminals. In the case of a microwave oscilla-
tor, the terminals may be defined as the point in the 
transmission system where the frequency of the oscilla-
tor is independent of the load conductance. The sus-
ceptance at the cavity terminals may be calculated from 
the formula (see Appendix I): 

Q1 2Q f 
Yin =  • 17  0111  -  

Q 0 Jo 

It is observed that there is a pure susceptance change 
with frequency (either resonance or applied), but with 
a reflection through a transmission system, this sus-
ceptance variation with frequency may manifest itself 
as conductance variation as well as a susceptance varia-
tion at the oscillator terminals. As may be seen with the 

J. R. Ford and N. 1. Korman, "Stability and frequency pulling 
of loaded unstabilized oscillators," PROC. I.R.E., vol. 34, pp. 794-
799 ; October, 1946. 

(16) 
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aid of a Smith chart," the proper length of transmission 
line may favor either conductance variation in. .1 sus 
ceptance variation. If the system under consideration 
uses a frequency varied resonator, the reflected suscept - 
ance variation will cause a frequency modulation of the 
oscillator, but the reflected conductance variant iii\\ill 
cause an amplitude modulation of the oscillator at the 
sensing frequency and possibly at its harmonit s. An en-
gineering decision will have to be made as to the amount 
of these modulations that can be tolerated if this system 
is to be satisfactory. In the event that the coupling to 
the cavity must be reduced to bring these effects to a 
tolerable minimum, it may be necessary to sacrifice loop 
gain by the insertion of attenuation or other means to 
achieve the desired coupling. This point will be consid-
ered again in the discussion of the loop-gain equation. 
In a similar manner to the pulling of the oscillator fie 

quency by a susceptance presented to its terminals, the 
center frequency of the cavil viii iv be pulled by a sus-
ceptance connected to its tenni' , d'.. (This is one method 
of varying the resonance frequent y.) Since, however, the 
cavity is to be used as the stable element of the control 
system, its frequency pulling must be considered, for 
many of the crystal detectors for microwaves have very 
broad tolerance on input admittance. Equation (19) 
may be used to calculate the pulling of the cavity by a 
susceptance of the detector if Q.,.c is replaced by Q2. 

DERIVATION OF LOOP-GAIN LIMITATIONS 

.\ loop gain may be assigned to the complete loop as 
would be done in the case of an ordinary feedback am-
plifier. This is possible since Ea is linearly related to the 
oscillator frequency deviation (11). All that is necessar \ 
to determine the loop gain is to multiply all of the indi-
vidual gains together, including the various constants 
that relate the controlling sensitivity of the oscillator. 
(This last quantity may be influenced by a frequency-
sensitive load upon the oscillator." 
Hence, from Fig. 1 and (II) it follows that 

(; =  
fo [

Pr.," 111 21' aC(0.  n 

QiQ2  dIV 
( 17) 

The follow ing equation results for the gain optimized 
with respect to the cavity Q's and the amount of fre-
quency modulation. 

Gi 
G = (0.23) —G2AVA  (18) 

fo 

The ratio of the frequency stabilities before and after 
the loop is closed can now be determined. The deviation 
in the oscillator frequency from the resonance frequency 
of the cavity after closing the loop is equal to the devia-
tion before closing the loop divided by the quantit y 
(1 +G). 

10 P. H. Smith, "A transmission line calculator," Electronics, vol. 
12, pp. 29-33; January, 1939. 

i general, it ma \ be stated that the 'elation between 
a small outptit-admittam  valiation and itiptiradmit• 

;is fiiii() Wh ill'  .1 mu lti hid  iiii ling s‘ alter X'a Fiat loll is 

C M . 

I....I 

l'inver attenuation) 
(19)i 

whew 1.,„ and l'„,„ aie the input and output admit• 
lances respet  \  his 4\111t5511111 applies to the ase 
where the 4 avit \ is let oupled frtall the ostii iiii n output 
it', means of a (lir« tional milder or a "111,101  as 

as l/V a conventional at tenuator. For proof of tills 
expression, sue Appendix V. It is sect', then, that the in 
put admit taii«• varia ion varies inversely with the JiorI 
attenuation. III dt•Cidilig tile .O1111it tante variation as a 
function of fietin eno dile in I lie cavit y and its elle, t 
upon the ost Mawr, it is ohm.: yeti from (1 9) that the .ui-
ililltailce  the input terminals of the cavity will be 
very large at resonam e and infinite at (retitle!), ies lar 
from resonance. This is clue to the fact that 1'2 is nearly 
unit v and the rat lo  the input Q tO the titiloaded Q will 
be chosen to be greater than unity. hence, when used, 
the cavil y will be placed all odd multiple of quarter-

\\ \ (-lengths from the oscillator terminals (if used in a 
!-.ti  !-.% À C M, it  Will bl' plaCCd an integral number of 
hut ‘‘ uvileligt Its from I he oscillator terminals). Theo:-
fore, as seen at I he ()sem.' t or terminals, a small variation 
of admittance \\ ill it observed as the frequency is varied 
through the ca IL \ r.•,-onance frequency. Tlw magnitude 
of this variation is seen to vary inversely with the input 
termination Q, sin(  tin- input admittance to a quarter-
wave section of t !,illsill issut ii line is the reciprocal of the 
output admit Lowe. ( In the series case, impedance is the 
re( iprocal of admit tam e. Therefore, from the point Of 
‘ie\‘ of decreasing the oscillator pulling, is it better to 
increase I he a! t cri LI M ion (Inc to the coupling bet wee!) the 
cavit y or to increase the input termination Q of the cav-
il  Thr resonance frequency of the cavit \ is also sensi-
tive to admittance variation presented tot its terminals 
and ordinar\ mismatches that occur in an operating 
s\ stem ma \ be responsible for some frequency variation; 
hence, from that pt tint of view t he termination Q of the 
avit y should be as high as possible. In looking at (17), 
It is in it it  that the loop gain is influenced in one term 

by the ratio of at  to Q, ; hence, this term is in-
dependent of the decoupling for a constant amount of 

pulling on the oscillator. Ilmvever, since the gain is pro-
portional to a power of Q, and Qr. varies in the same di-
rection as Qi there is benefit to be reaped by increasing 
Q, over that of increasing the at  These same 
arguments will apply to the decoupling of the cavity 
from the admittance variations of the crystal detector 
which might occur due to temperature variations or 
other effects. It follows, therefore, that for the reasons 
considered, it is preferable to decouple the cavity by the 
use of large input and output Q's with no additional at-
tenuat ors 
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DERIVATION OF THE SECOND-HARMONIC 
OUTPUT OF THE DETECTOR 

It may be important for design consideration to know 
the magnitude of the second harmonic of the sensing fre-Iquency contained in the detector output. In some cases, 
this component may have to be reduced to the proper 
amplitude by suitable filtering if the amplifier and asso-
ciated circuits are to operate properly. In operation, the 
magnitude of the second-harmonic component may be 
i many times that of the fundamental component result-
ing in the saturation of the amplifier. By Fourier's 
theorem, 

1 r 

E2  f  E(t) cos 20d0 
ir , 

(20) 

P  2 
12 

K „(2Q  LQiQL  W , V, n)  (21) 

APPENDIX I 

If it is assumed that the cavity has only a single mode 
within the desired range of operation and has a band-
width (to the 3-db points) which is small compared to 
its center frequency, then a number of simplifying as-
sumptions can be made to expedite the analysis of its 
behavior. For the purposes of this paper, the cavity may 
be described sufficiently by the constants Qi, Q2, Qo, and 
,fo. The restrictions and assumptions of the lumped-cir-
cuit model which will be assumed are described.° This 
paper is generally concerned with cavities that have only 
one window or loop, but the arguments are applicable to 
transmission cavities as well. Fig. 8 is a schematic of the 
model cavity. Use is made of a similar model in describ-
ing the behavior of cavities used as wavemeters;" the 
expressions used have a slightly different notation. The 
following are the definitions of the Q's: 

(Maximum energy stored in the cavity) 
Qo = 2rfo   

(Power dissipated in the walls of the cavity) 

(Maximim energy stored in the cavity) 
Q1 = 22rfo   

(Power transmitted back through the input window)' 

(Maximum energy stored in the cavity) 
Q 2 =  22rfo   

(Power transmitted through output window) 

(Maximum energy stored in the cavity) 
QL = 27rfo   

(Total power lost to the cavity) 

1  1  1  1 
,  . 

QL  Qo  Qi  Q 2 

where 

cos 20d0 
D(W, V, n) =  f    (22) 

ir „  [1  (W ± V sin 0)2]"" 

D(0, V, n) is evaluated in Appendix IV. Fig. 7 shows it 
as a function of V for n equal to 1 and 2. The values of 
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Fig. 7—Quantity of second harmonic of the sensing 
frequency in the detected output. 

ov.D( W, V, n) are not important as a function of W since 
the operating point is near W equal zero. The value of 
the second-harmonic component is maximum at W 
equal zero. 

(23) 

(24) 

(25) 

(26) 

(27) 

Since the actual values of the admittance of the load and 
the source to which the cavity is connected are not 
known, the effective shunt resistance cannot be known. 
However, for the purposes of this paper, it is not neces-
sary to know this; it is only necessary to know the ad-
mittance relative to the value for which the proper Q 

was determined. 

7—et71 

PERFECI 
TRIN. WORMIR 

PCRFICI 
fte.AnkTFORME.Q 

LOAD 

Fig. 8—Equivalent circuit of a cavity. 

Since the cavity will, in general, be rather loosely 
coupled to the oscillator, the most useful way of describ-
ing the power transmission will be in terms of the ratio 
of incident power to the output power. Taking account 
of the reflected power at the input terminals of the cav-
ity, by conventional circuit analysis" there results" 

11 See chap. 5 of footnote reference 2. 
12  E. A. Guillemin, "Communications Networks," John Wiley and 

Sons, New York, N. Y., 1931 and 1935. 
13  These expressions may be obtained directly from page 65 and 

page 291 of footnote reference 10 with the corresponding change in 
notation. 
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and 

Q.  Q.  Af 
Vt = — Y2 +  j2Q1 — 

Q2  Qo  Jo 

T= 
(2QL)2 1 

(28) 
I:()r n equal to 2, !he It Ii ,s Ii .1114.gral iii  Is l'VaI• 

tutted 

1 • '  sin 0d0 

r .1 . . + (II' + V sin 0)2 
C(W, V, 2) = --  - - • ( 34) 

1 + (2(b4f (29)  By expanding t he integrand in partial fraction, it is seen 
M t-  that" o2 f)2  

APPENDIX II 

For n equal to unity, the following integral is to be 
evaluated 

1 *  sin OdO   
C(W, V, 1) = — f    • (30) 

_,  (W + V sin 0)2 

From a practical point of view, it is most expedient to 
evaluate this by a series expansion about V equal to 

zero. Expanding the denominator by a Taylor series, 
then, it is seen that 

C(W, V, 2) = 
1 c .r it- + 

2173-j J Lir + + v sin 0 
11' — j 

(10.  (35) 
— 3 + V sin 0 

ir  1 
C.(IV, V, 2) = —vi  

1 (\W +j 
1 

2 l• 

(W  J 
By a few algebraic simpfitications, it is found that 

(36) 

1 f - 0 E  dm  Vm sin""' Od0 
  • (31 ) C(W, V, 2) =  2N/W2 +  1 C(W, v, 1) = - 

r -r  dWm n Y1 + W2 .  V •/(IV2 + 1)2 — 2172(11'2 — 1) ± V4 

2V21V Exchanging the order of integration and summation and 
• sin 1 arctan   (37) 

integrating,"  (11'2 -1  1)2 — V2(IV2 — 1) 

1.3 • • • (2m + 1)  d2m4-1 1  V271}1 
C(W, V, 1) = 2E   

m=o 2-4 • • • (2m + 2) d1V2m4-1 s/1 + W2 (2m +0! 

Performing the differentiating and factoring gives the  APPENDIX III 
required series 

C(IV, V, 1) =   — WV  E1+  3(2W2 — 3) 1/2+ 
(1 -I- W2)3/2  8(1 + W2)2 

5(8W4 — 4011/2 + 15) 
  V4 

64(1 + I1/2)4 

35(1611'6 — 168W4 + 210W2 — 35) 
  V6 • ].  (33) 
81,920(1 + 1,172)6 

(32) 

The functions representing the slopes of the effective 
discriminator curves at the origin are to be evaluated. 
The slope of the curves for the linear detector may be 

evaluated rather easily in terms of complete elliptic inte-
grals from the original integral. 

acm, v,   — — v  sin2 0d0 
(38) 

aw  r J  + V' sin' 0)" 
Substituting 1 —cos2 0 for sin2 U and 0 =r ./2 —0, it fol-
lows that 

aco, v,  — 4V  

aw  r(1  V2)312 ./ o 

(1 — sin2 0) 4 
V 2 

1 V2 
]sin2 tIp 

(39) 

This series is convergent for I/2 less than 1+ W2since the  Consulting de Haan," and making a few algebrai( sim-
radius of the circle of convergence of the series for  plifications, it is seen that 
1/1 + ( W-I-z)2 in the Z-plane is \/1+ W2, when expanded 
about Z=0. 

" Mathematical Tables from "Handbook of Chemistry and 
Physics," Chemical Rubber Publishing Co., Cleveland, Ohio, 5th 
edition, 1936; no. 337, p. 271. 

16  See no. 349, p. 272, of footnote reference 14. 
16  D. Bierens de Haan, "Nouvelles Tables D'integrales Defines," 

G. E. Strechert and Co., New York, N. Y.; 1939; p. 91. 
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aC(0, V, 1)  —_4  K 

all'  TV N/1 L  v+ 172 

—E 
/1 1111 0 )1 (40 ) 

where K and E are elliptic integrals." 
The slopes of the effective discriminator curves for the 

square-law detector may be found most easily by dif-

ferentiating the function directly, resulting in 

aC(0, V, 2)  — 2V 

aTV  + l'1)312 
(41) 

APPENDIX IV 

The integral representing the amount of second har-
monic of the sensing frequency may be worked out at W 
equal to 0. For the linear detector, 

D(0, V, 1) = — 
1 f  COS 20d0 

VI + V' sin2 0 

APPENDIX V 

The expression for the relation between the variation 
in input admittance and the variation in output admit-
tance for a matched four-terminal network may be 
derived easily using matrix methods.12 Consider the 
general four-terminal network characterized by the four 
constants a, b, c, and d. Not all are independent, for a bi-
lateral system with a consistent set of units ad —bc must 
equal unity. Consider the network operating into and 
admittance Y,,„t, with an associated input admittance 
17;0. Let El and I be the input voltage and current to 
the network, and let E2 and /2 be the output voltage and 

current. It follows, then, that 

Hence, 

(42)  and 

Substituting 1 —cos' 0 for sin2 0,n/2-4) for 0,1-2 sin20 
for cos 20, and shifting the integration intervals, it is 
seen that 

—  - 
—  f 112  (1— 2 sin' 0)(/ 

D(0, I', 1) = 0 • (43) 
TA /1 +  o 4/1  2 

 sin-
1+ V2 

It is found that" 

D(0, V, 1) = 
—4  r  V  \ 

x/1  +l'2  K + 

— 2D(  17±-17-2 

For the square-law detector, 

1 cos 20d0 
D(0, V, 2) = f   — _, + V2 sin2 0 

Ei a 

c d 

Ei = (a + bY-2)E2 

= (c  dY2)E2. 

By dividing Ii by El, it follows that 

c  dYout  
Y in = 

A + BY out 

By differentiating with respect to Yout, it follows that 

AYout   
AYin 

(a + bY00t)2 

The power attenutaion for the network can be derived 
for the relationship between Eland E2 if Yli, and 1700t , be 
.considered as pure conductances. If they are not, then 

(44)  the power input and output expression must contain 
only the real parts of Yin and Y..t. To include this re-
finement generalizes the final expression, but it does not 

increase its usefulness. Hence, 

E2 

(45)  (Power attenuation) = 

Substituting 1(1 —cos 20) for sin2 0, = 0,12, and shifting 
the interval of integration, it is seen that 

2  r 2v  COS 04) 
D(0, V, 2) —    d0. (46) 

ir(2 + V2) J0  V2 
1   cos 0 

2 + V2 

Making some algebraic simplifications," it is fouml that 

2 + V2 
D(0, V, 2)  —4 [  — — 1].  (47) 

V2 2V1 + 1'2 

" E. Jahnke and F. Emde, "Tables of Functions with Formulae 
and Curves," Dover Publications, New York, N. Y., 1943. 
"See p. 73 of footnote reference 17. 
"See p. 272, no. 349, of footnote reference 14. 

It then follows that 

Altio A Yout 

Yin  Yout 

Even though the admittances Yin and Knit must be real, 
the variations do not have to be real and, in general, 
they will not be real. If it were possible to find the val-
ues of a, and b and Yout for the particular network, it 
would he possible to calculate the relationship between 
the real and imaginary components of the admittance 
variation. However, if only the power attenuation is 
known, only the relation between the absolute magni-
tudes of A Yi./ 1710 and A Y,,,,e/ Yout can be found. 

E22 Kota. 

Ei 2 Yin 
I out 

a + bro0ti 2 , 
in 

1 

(Power attenuation) 
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New Design for a Secondary-Emission Trigger Tube* 
C. F. NI ILLERt, SENIOR MEMBER, IRE, AND ‘‘... S. NI ci.EANI 

Summary—Aspects of the design of a nongaseous miniature 
trigger tube are given. A triode input section produces a primary 
electron beam which impinges on a dynode to produce secondary 
electrons. These are collected by two different output elements which 
may be used separately or as a unit. A surface having long life and 
stability is described. Suggested applications include its use as a 
relaxation oscillator, multivibrator, pulse inverter, triangular-wave 
generator, and. dynatron. 

INTRODUCTION 

AN EARLIER PAPER' described the application 
of secondary-emission phenomena to the prob-
lem of obtaining trigger action. A design of tube 

was shown which served well for the basic principles 
involved, but which left something to be desired in 
terms of high-frequency operation and miniaturization. 

The tube described in this present paper satisfies these 
last two requirements. It carries the designation NV-
1032-J. 

SIGNIFICANCE OF THE "FIRST- ZERO" VOLTA'GE 

It has become common practice, in working with 
secondary-emission surfaces or dynodes, to designate 
the quality by the value of the "first-zero" voltage taken 
from the dynatron characteristic. Such a characteristic 
is shown as Fig. 1, curve A. The "first-zero" voltage is 
the lower of two voltages at which the current to the 
dynode is zero. For the construction used, at this voltage 
there will be a large difference of potential between the 
collector grid and the dynode, so that all the secondary 
electrons will be drawn away from it. Thus, this "first-
zero" voltage is that voltage at which the ratio of sec-
ondary to primary electrons (6) is equal to unity. It 
is also the voltage for the primary electrons at which 
their velocity is just great enough to produce one 
secondary electron for each primary electron. 

TUBE DESIGN 

The main problem which confronts the development 
of any type of secondary-emission tube is one of stabil-
ity (luring life. Maintaining a low and consistent value 
of "first-zero" voltage is the prime requisite for a good 
trigger tube. In 1938, it was found' that contamination 

• Decimal classification: R339. Original manuscript received 
by the Institute, April 16, 1948; revised manuscript received, Febru-
ary 3, 1949. Presented, 1948 IRE National Convention, New York, 
N. Y., March 25, 1948. 
t National Union Radio Corp., Orange, N. J. 
t Western Electric Co., New York, N. Y. 
1 A. M. Skellett, "Use of secondary electron emission to obtain 

trigger or relay action," Jour. Appi. Phys., vol. 13, pp. 519-524; 
August, 1942. 

3 J. L. H. Jonker and A. J. W. M. v. Overbeck, "The applications 
of secondary emission in amplifying valves," Wireless Eng., vol. 15, 
pp. 150-157; March, 1938. 

given off by the cathode (Anse(' poisoning of the ilynode 
surface and consequent instability in seconda  -emis-

sion tubes. Theory and experiments showed that this 
contamination traveled in straight lines. With this in 
mind, the first stable secondary-emission amplifier was 
developed by shedding the dynode from the cathode and 
causing the primary electrons to travel in curved paths. 

- . . . 
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Fig. 1 --Dynode characteristic curve A and first-zero value 
(luring life, curve H. 

This same principle has been applied in the design 
of the present tube. The final tube geometry was de-
cided on after an extensive rubber-model investigation. 
The principal elements and their relationship to each 
other are shown in Fig. 2. These include the cathode, 
control grid, and slotted anode which make up the triode 
section; also the shield, anode No. 2 or collector grid, 
dynode, awl anode No. 3. The slot in the plate forms a 
beam of primary electrons. The influence of the shield, 
which is at cathode potential, causes the primary elec-
trons to travel in curved paths, passing through anode 
No. 2 and finally striking the dynode. Particular care 
was paid to obtaining an even density and spread of 
electrons over the surface of the dynode in order to 
prevent overloading any one portion of the surface. 
Electrons passing through the middle of the slot strike 
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the middle of the dynode, and those through the outer 
limits spread evenly to each side of the center. 
The rubber-model trajectories were checked by means 

of a tube containing a fluorescent dynode which showed 
the same spread of electrons on the dynode as did the 

Fig. 2—Cross section showing the elements of the trigger tube. 

rubber model. One of the innovations on this type of 
tube is the use of anode No. 3. Previous designs de-
pended entirely on the collector grid for collecting the 

4v. 

Fig. 3—Photograph of the miniature trigger tube. 

secondaries, and, consequently, many secondaries in 
passing through the collector grid struck the first anode. 
Anode No. 3 prevents this loss in that it shields the first 

anode almost completely from secondaries passing 
through the collector grid and eliminates the conditions 
which were conducive to oscillation by the secondaries 
about the collector grid. 
The dynode surface combines a base metal of oxygen-

free copper or silver with a thin composite layer of 
barium and magnesium oxides. The barium and mag-
nesium are evaporated onto the copper under vacuum 
conditions. The base metal is highly polished on the 
active side before the layers of the other metals are 
applied. Special care is taken not to contaminate the 
copper in any way once it is polished. The thin layers of 
barium and magnesium are oxidized by exposing the 
structure to oxygen. It is believed that some of the pure 
metal diffuses through this oxide layer to the surface 
during the aging process. 
A photograph of the tube is shown in Fig. 3. 

LIFE TESTS 

The arbitrary limit for an acceptable value of sec-
ondary-emission ratio for a trigger tube is a "first zero" 
of +30 volts or less. Curves A and B in Fig. 1 show 
what may be expected of the tube with respect to life 
and consistency; curve A is the dynode characteristic 
taken after 3,000 hours life. Curve B shows that the 
"first-zero" value has been good throughout life. The 
initial drop (from approximately 35 to 16 volts) indi-
cates that the surface was "aged-in" during this time, 
and after a few hours the "first zero" reached an aver-
age value varying between 15 and 19 volts. The tests 
indicate that this particular surface will maintain con-
sistent values of 5 under 0.5 watt per square centimeter 
dissipation. 
• These life tests have shown that it is possible to make 
dynodes of the kind used herein that last for 5,000 
hours or better, maintaining constant characteristics. 

APPLICATIONS 

The basic trigger circuits for the use of this tube are 
described in the earlier paper' referred to above. 

Fig. 4—Triangular-wave generator, f= 5,000 cps. 

Fig. 4 shows the tube used as a triangular-wave gen-
erator. The action of the circuit is as follows: The 
square-wave input is differentiated into triggering 
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Fig. 5—Square-wave output for 100 kc• 

pulses by the input RC circuit. These pulses trigger the 
tube "on" and "off," as in the circuit described earlier. 
When the tube is triggered "off," the 0.1-µf capacitor is 
charged exponentially through  the plate resistor 
(250,000 ohms). When the tube is triggered "on," the 
output capacitor discharges exponentially through the 
tube. 
Fig. 5 shows the output wave form when the tube is 

triggered at 100 kc. The leading edge has a rise time of 
approximately 0.2 microsecond. The full capabilities of 
this tube have not yet been determined; however, it is 
believed that it can be made to trigger at frequencies as 
high as 1 Mc since no gas-deionization time is involved. 

Electronic Techniques Applied to Analogue 
Methods of Computation* 

G. D. McCANNt, C. H. WILTSt, AND B. N. LOCANTHIt, ASSOCIATE, IRE 

Summary—This paper describes in detail the electronic devices 
and principles that have been developed for the California Institute 
of Technology (CIT) electric analogue computer. This is a general-
purpose, large-scale computer applicable to a wide range of linear 
and nonlinear ordinary algebraic or differential equations and linear 
and nonlinear partial differential equations. 
In addition to the basic principles of the computer, a detailed 

discussion is given of those elements considered to be of particular 
interest. These include the devices for generating the arbitrary 
functions of the independent variable (the excitation functions), 
the amplifiers for producing active linear elements such as negative 
impedances and for representing the nonsymmetrical terms of the 
matrix specifying the differential equations, the multipliers for pro-
ducing arbitrary functions of the dependent variables (nonlinear ele-
ments). 
Performance data on thesq devices are presented, together with 

analogies and solutions of representative types of problems. 

INTRODUCTION 

THE ELECTRIC analogue computer, which has 
been developed by the California Institute of 

  Technology provides a device having as wide a 
field of application as is considered practical with the 
electric analogue principle. It is thought that the great-
est field of usefulness of such a computer lies in the 
accuracy range that is limited to the order of 1 per cent, 
which covers the vast majority of problems in the gen-
eral field of engineering analysis. With this accuracy-
limitation, great simplification in the computer and its 
operation results from the use wherever possible of R, 
L, C, and transformer circuits in simulating the linear 

• Decimal classification: 621.375.2. Original manuscript received 
by the Institute, October 8, 1948; revised manuscript received, 
February 24, 1949. Presented, 1948 IRE West Coast Convention, 
Los Angeles, Calif., September 30, 1948. 

California Institute of Technology, Pasadena, Calif. 

terms of both algebraic and differential equations." 
This is in contrast to computers which employ electronic 
amplifiers for all integration or differentiation. They 
provide higher accuracy, but are restricted in their field 
of application as compared to that practicable with a 
computer of the type discussed here. 
Electric analogue computers are limited to one inde-

pendent variable that can be continuously represented. 
However, by the Use of finite-difference methods, such 
as must be employed for digital computers, more inde-
pendent variables can be handled. The CIT computer is 
designed to handle partial differential equations with 
up to three independent variables. Two basic circuit 
techniques are employed. For the first of these, one in-
dependent variable is continuously represented as time 
on the computer." In the other, all independent vari-
ables are represented by finite-difference methods, in 
which case the analogous circuit becomes a steady-state 
ac or dc mesh.' Both techniques are applicable to both 
ordinary and partial differential equations. It is the ap-
plication of the first technique that requires most of the 
electronic equipment, such as devices to generate suita-
ble functions of the independent and dependent vari-
ables, multipliers for multiplying any two variables to-
gether, and amplifiers to provide the proper power-
output leN7els from these devices and to produce nega-
tive impedance terms and the unilateral or unsymmetri-
cal terms of a matrix or servosystem. 

' G. D. McCann, "The mechanical transients analyzer," Proc. 
NEC, vol. 2, p. 372, 1946. 

2 E. L. Harder and G. D. McCann, "A large scale general-purpose 
electric analog computer," AIEE Technical Paper 48-112. 

3 G. D. McCann and C. H. Wilts, "Application of electric analog 
computers," Jour. Appi. Mech., 1949. 
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Fig. 1—A general view of the California Institute of Technology computer. 

It is these recently developed basic electronic ele-
ments of the computer that are to be described in this 
paper. The general arrangement of the computer, a 
photograph of which is shown in Fig. 1, has been de-
scribed in a previous paper.' 

EXAMPLES OF COMPUTER TECHNIQUES 

The required specifications for the analogue elements 
is best considered by first illustrating their application 
to specific problems and describing the analogue tech-
niques employed. The basic analogue elements em-
ployed in the computer are listed in Fig. 2 in terms of 
their symbolization as employed for circuit layouts. 
Typical analogous circuits for ordinary differential 
equations are given in Figs. 3 and 4. 
As illustrated in the examples, R, L, and C circuit ele-

ments are usually employed for all linear "self-imped-
ance" terms. They are also employed for bilateral mu-
tual terms that can be formed with junction points be-
tween the meshes simulating the simultaneous equations 
and for transfer functions. Special transformers2 are 
used wherever possible for bilateral mutuals requiring 
circuit isolation or, in conjunction with amplifiers, to 
provide a four-terminal unilateral element. 
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The use of such circuit elements fixes the impedance 
level and the rate of computation. To minimize stray 
coupling and stray pickup problems and enable the 
quick setup of a wide range of circuits, the circuit im-
pedance base must be kept low and the power level 
reasonably high. Unintentional impedances, such as the 
output impedance of a voltage amplifier, must be kept 
below a few ohms if they are series elements, and above 
several hundred thousand ohms (and in extreme cases, 
10 or 20 megohms) if they are shunt impedances. In 
order that the elements are sufficiently close to being 
ideal inductors, etc., the natural frequencies of the 
analogue circuits must lie within certain limits. A nor-
mal operating frequency range of from 10 cps to 1 or 2 
kc was chosen.2 However, because of this wide frequency 
range, transformers have certain limitations. It is diffi-
cult to keep the ratio of the series to magnetizing im-
pedance of a transformer sufficiently low over such a 
wide operating frequency range. This, together with 

Fig. 3—Illustrative analogy for an ordinary differential equation: 

d2y  dy 
F o(x) i(y) — key. 

=  dx2 dx 

Analogous circuit equation: 

Pi!  A M R  dq  q  dq 
E0(1)  L —  —  F t(q ) • —  R  . 

C 

Numerical conversion formula: 

Fo a 
y = a —Fo g;  L — — ki; 

n2 

where  I 
a =impedance-base change factor 
n =indepilittlent-variable conversion factor. 

(One unit of # 0 i!ts system of units equals 1/n units of i' seconds. 

A M R 

ak2 '  P 711 " 
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the tendency of transformer-coupled feedback circuits 
to "motorboat," constitute the major difficulties some-
times encountered in the use of transformers. It is, 
therefore, occasionally necessary to use four-terminal 
"isolators" which operate properly from zero frequency 
(dc) to the upper limit of 1 or 2 kc (see Fig. 4). The 
general philosophy regarding accuracy has been to 
achieve 1 per cent accuracy in all elements. Thus, an 
inductor should exhibit a variation in effective induct-
ance which is less than 1 per cent of its value throughout 
the range in operating level and operating frequency 
(in this case, 100 to 1,000 cps). In addition, its effective 
resistance should be less than 1 per cent of its reactance 
at all frequencies and levels (i.e., its Q should be greater 
than 100). Similarly, all of the electronic equipment 
must have less than 1 per cent amplitude distortion 
throughout the operating range. Furthermore, the fre-
quency response of the equipment must not vary more 
than 0.1 db throughout the frequency range of the com-
puter. It was considered satisfactory if the phase shift 
were less than 10 throughout the frequency range. How-
ever, since these devices are frequently used in cascade 
and in feedback circuits, the phase and amplitude char-
acteristics must be controlled to eliminate oscillations 
at high and low frequencies. To prevent low-frequency 
"motorboating," all electronic equipment except the 
arbitrary function of the independent-variable (forcing-
function) generators was designed for operation from 
zero frequency (dc) to the upper frequency limit of the 
computer. To simplify elimination of high-frequency 
oscillations, it was found desirable to extend the high-
frequency limit of all equipment as far as practicable. 

Power Amplifiers 

Three types of amplifiers are shown in Fig. 2—ac 
power amplifiers, dc current generators, and dc voltage 
amplifiers. Although they are frequently used for other 
purposes, their most common uses are: (1) Ac power 
amplifier: to amplify the output of the forcing-function 
generators (arbitrary function of the independent vari-

able) and provide a low source impedance. (2) Dc cur-
rent generator: to produce a current as a "forcing func-
tion." (3) Dc voltage amplifier—to produce negative or 
unilateral impedances, and to amplify the output of 
generators of an arbitrary function of the dependent 
variable. Typical examples of the use of the dc ampli-
fiers are given in Figs. 3 and 4. The dc amplifier input 
impedances must be kept high so that they will not dis-
tort the circuit across which they are to be connected. 
However, since they usually can be used with a small 
input signal, the circuits can be so set up that 500,000 
ohms is a sufficiently high input impedance. For most 
problems, power levels corresponding to a maximum 
current of 30 to 50 ma and a voltage of 50 to 100 volts 
are adequate. 
Two types of dc voltage amplifiers were found desira-

ble. One of these has a negative or 180° phase-reversal 
characteristic, and is to be used particularly for servo-
mechanism problems. It has a maximum gain of 50 and 
is usually used in groups of three or more. The other is a 
positive-gain amplifier. For this a gain of 100 is usually 
adequate when it is used to produce a negative or uni-
lateral impedance, since the accuracy limitation of the 

computer is 1 per cent. However, in limited cases, larger 
gains are required. In order to provide for this addi-
tional gain, the amplifier can be used with a preampli-
fier, which has a gain variable from 0 to 10. It is con-
sidered adequate if the current amplifiers can deliver 
about 50 ma and 100 volts. Their effective source im-
pedance should be a megohm or more. 
As can be seen from the illustrative circuits (Figs. 3 

and 4), it is necessary that all analogue elements be 
capable of operation with no connection between nor-
mal ground terminal and true system ground, or they 
must be provided with isolating elements at their ter-
minals. As will be discussed later, it was found prac-
ticable to design the electronic equipment for operation 
with no connection to system ground, thereby affording 
considerable simplification. 

Multipliers 

The multipliers must be capable of multiplying to-
gether any two variable voltages having frequencies up 
ti 1 or 2 kc. Atypical examples of their use is given in 
Fig. 3. Recalling the over-all 1 per cent accuracy re-
quirements of the computer, it is desirable, as a mini-
mum requirement, that the multipliers be capable of 
forming products of functions such that the instantane-
ous product obtained for any input voltages deviates 
from the correct value by an amount less than 1 per 
cent of the maximum product obtainable. 

Arbitrary Function Devices 

Because of the wide range of possible functions, it is 
desirable to have several methods of generating func-
tions of both time, the independent variable, and the 
dependent variables. For the "independent variable" or 
time functions, six square-wave voltage generators, con-
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sisting of storage-battery circuits, and six variable-fre-
quency sine-wave generators are provided. These are 
described in footnote reference 2. In addition, however, 
it is necessary to be able to generate any time function 
that can be plotted or expressed mathematically. Many 
important nonlinear functions of the dependent vari-
able, such as saturation curves, square-law character-
istics, sudden discontinuities, etc., can be generated with 
relatively simple diode circuits. In addition, however, 
provision must be made for perfectly arbitrary func-
tions. 

DESCRIPTION OF ELECTRONIC COMPONENTS 

Generator of Arbitrary Functions of the Independent 

Variable 

Since the computer operates in the audio-frequency 
range, it is natural to consider the possible application 
of the various principles employed for sound recording, 
including the light-beam—photocell principle, magnetic 
tape, or wire recording and conventional disk recording 
and playback techniques. All of these methods were 
tried experimentally and found practical. As will be 
discussed later, the light-beam—photocell principle could 
be most easily and practically developed into a form 
suitable to the needs of the computer, and was adopted 
for one form of "foicing-function" generator. However, 
the use of any of the above principles leads to one prac-
tical difficulty. If the function of the independent vari-
able is unknown and the only known data are some 
actual solutions obtained from experimental tests, it is 
desirable to have a generator in which the arbitrary 
function can be varied until, by trial and error, a cor-

rect solution is obtained. 
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Fig. 5—Schematic diagram of the arbitrary forcing-function genera-
tor Type I; variable gain amplifier, 1-ohm output impedance, 50 
volts at 1-ampere output. 

Type I 

The device illustrated in Fig. 5, although limited in 
the maximum frequency which it can represent, does 
provide for rapid changes in the forcing function. As 
shown in the schematic diagram (Fig. 5), 100 voltage 
taps are provided which may be selected by the adjust-
ment of 100 switches, each of which connect to a seg-
ment of a commutator, thus providing 100 points in 
time. A filter circuit provides for a smooth transition 

between points. The 100 voltage taps are rods placed 
around the periphery of a circular drum, over which 
are 100 circular rings each connecting to a segment 
of a mechanical commutator. Adjustment of the func-
tion generator is accomplished by rotating the rings 
around the drum. Three of these devices are provided 
in the computer. They may be used separately, or 
two may be ganged in series to provide up to 200 
points in time. 

Type II 

The generator employing the photoelectric principle 
is illustrated in Fig. 6. A photographic film is produced 
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Fig. 6—(a) Schematic diagram of the generator of an arbitrary 
function of independent variable. (b) Photograph of a generator 
of an arbitrary function of independent variable. 

with a circular "sound track" having a variable width 
proportional to the desired function. This film and a 
narrow slit are interposed between a light source and a 
phototube. When the film is rotated at synchronous 
speed (10 rps), a voltage is produced which is a periodic 
function of time, and which is, during each cycle, pro-
portional to the desired function of the independent 
variable. The film diameter is 11 inches, with provision 
for a maximum track width of I inch. A simple ac 
amplifier is used to increase the signal level to about 1 
volt. 
There are six principal sources of distortion in such an 

optical-photoelectric system. Two of these result from 
geometrical properties of the system. One arises if the 
width of the "sound track" is made exactly propor-
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tional to the desired function. In this case, the angle 
subtended by the track is not exactly proportional to 
the desired function, but is related by a simple trigo-
nometric expression which departs appreciably from 
linearity if the angle becomes too large. Since the light 
transmitted is proportional to the angle, a lack of linear-
ity' results. The other distortion is a frequency-sensitive 
amplitude distortion. It arises because of the finite slit 
width and limits the detail possible because of the aver-
aging effect over the width of the slit. These distortions 
were made less than 0.1 per cent by maintaining suitable 
ratios of critical dimensions. 
Four other, sources of distortion are due to imperfec-

tions in the apparatus: variable sensitivity of the photo-
tube surface, imperfect slit, variation of source light 
intensity with direction, and variation in transmissibil-
ity of film. Distortion arising from variable sensitivity 
of the phototube surface is minimized by focusing the 
light from the source to one spot on the phototube by 
means of a simple achromatic lens. Distortion due to the 
other three causes is believed to be the major source of 
error. For a perfect film, the generator shown in Fig. 6 
with a f-inch sound track has a maximum over-all dis-
tortion of 0.3 per cent. 

Power Amplifiers 

Both the current amplifiers and the transformer-
coupled voltage amplifiers are of conventional design 
and do not merit detailed discussion. For the latter, four 
push-pull—parallel 6L6's with approximately 60 db of 
negative feedback met the special output requirement of 
50 volts and 1 ampere with an internal impedance of 1 
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Fig. 7—Photograph of amplifiers and arbitrary-function generators. 
(I) Negative gain servo amplifiers. (2) Positive-gain dc amplifier. 
(3) Voltage and current limiters. (4) Dependent-variable function 
generator—Type I. (5) Dependent-variable function generator— 
Type II. 
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Fig. 8—Schematic diagrams of dc amplifiers. (a) Servo or negative-
gain amplifier. (b) Positive-gain amplifier. 

ohm. The amplification varies less than 0.1 db, and the 
phase shift is considerably less than 10 from 10 to 2,000 
cps. 
The dc voltage amplifiers presented the most difficult 

problems. It is of great importance to minimize the 
drift in output voltage. In typical servo problems, am-
plifiers may be cascaded with an over-all gain of many 
thousand, so that drifts of even a few millivolts at the 
input may be objectionable. After considerable experi-
mental and theoretical work on the matter, satisfactory 
amplifiers were developed. Since the main source of drift 
lies in the power supplies and the first stage of an ampli-
fier, it is necessary to use well-regulated power supplies 
and to choose carefully the tube for the first stage. Fila-
ment-type tubes with well-regulated filament current 
were found superior to the well-known AI iller circuit. 
However, since the simplest source of regulated voltage 
is the high-voltage power supply, a low-current tube is 
desirable to avoid excessive power requirements. Some 
of the negative-gain servo amplifiers are shown in Fig. 7, 

and the circuit diagrams for both types of amplifiers are 
shown in Fig. 8. In practice, the 1LN5 pentode with a 
filament current of 0.040 ampere was found satisfactory 
for the negative-gain amplifier. A subminiature hearing-
aid tube, the CK522AX, is used for the positive-gain 
amplifier, since its filament current is only 0.020 am-
pere, while its drift and microphonism characteristics are 
very satisfactory. This tube cannot be used for the 
negative-gain amplifier because of its inability to pro-
vide a sufficiently large output voltage in a one-stage 
amplifier. 

After about a two-hour warm-up period, the drift as 
referred to the grid of the first tube settles down to a 
value that does not exceed 1 millivolt per hour. A typi-
cal drift record is shown in Fig. 9. The sharp pips 
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Fig. 9 1 pical drift characteristic of a negative-gain amplifier. 

marked by X were due to supply-line switching surges. 
Since this drift stability exceeds the computer require-
ments, no attempt was made to obtain further improve-

ment. 
The other major problems in the design of the dc 

amplifiers arise because the normal ground terminal 
(B—) of the amplifier cannot be connected to system 
ground unless isolators are used. It is conceivable that 
the analogue circuit impedance to ground may be as high 
as several thousand ohms, and that the voltage to 
ground may be as large as 30 or 50 volts. Two undesira-
ble effects can arise. Unless the grid of the input tube 
of the amplifier is very well shielded from true ground 
by the B — bus, the capacitance between grid and 
ground, in series with the normal high impedance from 
grid to B—, results in a grid signal if a voltage exists 
between B — and true ground. It was considered desira-
ble to have all amplifier chassis connected to true. 
ground, so that shielding was required within the 
chassis. Without resorting to complete electrostatic 
shields, the resulting transfer characteristics for the 
positive-gain amplifier gave rise to an output voltage 
equal to approximately 0.1 per cent of the signal be-
tween B — and true ground. This was considered satis-

factory. 
The other effect, a 60-cps ripple appearing on the B — 

terminal if an impedance is connected between B— and 
true ground, is more difficult to eliminate. This ripple 
normally arises from unbalanced capacitance between 
the ends of the high-voltage winding and the primary 
winding, as shown in Fig. 10(a). With normal "balanced-
winding" procedures, a ripple of about 0.1 volt appears 
if the impedance Z (Fig. 10) is made equal to 1,000 

•-rif 

(a)  (b)  (c) 
Fig. 10—Shielding requirements for power-supply transformers. 

ohms. This corresponds to an unbalanced capacitance of 
a few hundred Aii2f. If a single shield, as shown in Fig. 
10(b), is used, conditions are not appreciably improved. 
If, for example, the shield is connected to true ground, 
the unbalanced capacitances to the shield still exist. If 
the shield is connected to B—, then the capacitance be-
tween primary winding and shield still gives rise to an 
objectionable signal in the output. By careful choice of 
connections the ripple voltage may be reduced to 40 or 
50 millivolts, but this is much larger than is permissible. 
A very satisfactory solution results if two complete 

electrostatic shields are provided, as shown in Fig. 
(10(c). Because of construction difficulties, perfect 
shielding is not economically practicable. However, 
commercial manufacturers have provided transformers 
in which the unbalanced leakage capacitance is less 
than 0.05 /.11.11 with an increase in cost ranging only from 
50 to 100 per cent. This unbalanced capacitance gives 
rise to a ripple signal of about 0.1.millivolt per thousand 
ohms impedance. 
The other characteristics of the amplifier are achieved 

by conventional means. The required low output im-
pedance is achieved by use of a cathode-follower out-
put and considerable negative feedback. The available 
output current is increased substantially above the 
value for a conventional cathode follower through use 
of a pentode as cathode impedance. The important char-
acteristics of the amplifiers are listed in Table I. 

TABLE I 
PERFORMANCE DATA OF DC VOLTAGE AMPLIFIERS 

Negative-Gain  Positive-Gain 
Amplelfier  Amplifier 

Gain 

Maximum voltage out-
put 

Maximum current out-
put 

Input impedance 
Output impedance 
Ripple level 
Stability to line voltage 
fluctuations* 

Drift characteristics* 
60 cps ripple across 1,000 
ohms between B- and 
true ground 

0.5 to 50 in. 1-db 
steps 

±I25 volts peak 

+65 ma peak 
400,000 ohms 
25 ohms 
1 my rms 

7 my/10 volts 
1 mv/hour" 

1 to 100 continuously 
variable 

±125 volts peak 

±65 ma peak 
500,000 ohms 
0.9 ohms 
1 my rms 

0.04 my/10 volts 
1 my/hour" 

1 my  0.1 my 

• Voltage referred to grid of input tube. 
•• Typical values after I-or 2-hour warm-up period. 

DC Isolator and Preamplifier 

Since isolators must, in general, operate with no con-
nection to system ground, power transformers for such 
devices require the elaborate shielding discussed previ-
ously. Thus it is desirable for such isolators to operate 
without 60-cps ac power supplies, if convenient. On the 
other hand, the signal voltage available is frequently 
small, so that a preamplifier may be desirable to mini-
mize the noise-to-signal ratio of the isolator. 
Through the use of an amplitude-modulated carrier 

device, a very simple isolator results, with negligibly 
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Fig. 11—Schematic diagram of a preamplifier and dc isolator. 
(NoTE:—Without the preamplifier, the isolator is bilateral in 
action.) 

small capacitance coupling from input to output. Var-
istor bridges, used as balanced modulators as shown in 
Fig. 11, have given compact isolators with no 60-cps 
power supplies. The design of such a unit is not as 
straightforward as might be supposed, since the phase-
shift requirement for the detected output carries over 
into a similar requirement regarding relative phase 
shifts of carrier and sidebands. However, through the 
use of nonresonant circuits, the phase-shift perforffiance 
of the isolators can be made satisfactory. 
A simple battery-operated amplifier is also shown in 

the circuit of Fig. 11. Both of these units can be mounted 
on a very small chassis. The isolator produces a useful 
signal of about 0.7 volt peak-to-peak and has satisfac-
tory linearity and negligible phase shift in the range 
from zero frequency (dc) to 1,000 cps. 

Generator of an Arbitrary Function of the Dependent 
Variable 

A somewhat more difficult problem is to produce an 
arbitrary function of the dependent variable. As has 
been pointed out earlier, the dependent variable can be 
obtained as a voltage existing at some point in the 
analogue circuit. The problem is, then, to produce a 
voltage which is an arbitrary function of another volt-
age. Two devices have been developed for this purpose. 

TYPICAL FUNCTIONS 

a 
GERMANIUM DIC015 

a, 

Fig. I2—Schematic diagram of a generator for the arbitrary 
function of a dependent variable—Type I. 

One of the generators (Type I) utilizes crystal diodes 
and batteries in a manner shown in Fig. 12. The adjusta-

ble resistors are made relatively large compared to the 
forward impedance of the crystals, so that the variations 
of the latter with current do not affect the over-all im-
pedance appreciably. If the switches are all thrown to 
the left in Fig. 12, each parallel branch will not conduct 
current until the terminal voltage rises above the bat-
tery voltage of that branch. The resulting current versus 
voltage characteristic is composed of a series of straight 
lines, with the slope of successive segments decreasing 
as the voltage rises. Such a characteristic is shown in 
curve A of Fig. 12. 
If the switches are thrown to the right, a different 

characteristic results. Each branch produces a circulat-
ing current which passes through Ro. The battery volt-
age Eo is provided to give zero terminal voltage when no 
external current enters the terminals. As voltage is ap-
plied, the current which flows is determined by the ef-
fective resistance of all branches in parallel. As soon 
as the terminal voltage rises above the lowest branch 
battery voltage, the current in that branch ceases to flow, 
and the effective impedance of the device is raised. As 
the voltage exceeds the highest battery voltage, the 
impedance becomes equal to Ro alone, the maximum 
value. The resulting current versus voltage character-
istic is one of constantly increasing slope, as shown in 
curve B. By combining branches of each type, a char-
acteristic may be achieved whose slope is alternately 
increasing and decreasing, provided the slope always 
remains positive. Curve C in Fig. 12 is typical. 
The generator of this type which is used with the 

computer has 22 parallel branches, 11 for positive and 
11 for negative voltages. A current-voltage character-
istic composed of 22 straight-line segments can be ob-
tained. Such a characteristic can be made to approx-
imate many typical functions with surprisingly good 
accuracy. Simpler and more special-purpose versions of 
this device have also been developed, in the form of 
abrupt current and voltage limiters. These are shown in 
Fig. 7 together with the Type I generator.  • 
The other arbitrary-function generator (Type II) is 

based upon a principle developed elsewhere. It utilizes 
a cathode-ray tube and photocell. The quiescent posi-
tion of the electron beam is set to one side of the tube 
and the photocell output is amplified and applied to the 
plates with a polarity which will drive the beam to the 
other side. If an opaque template is placed on the sur-
face of the tube, as shown in Fig. 13, the beam spot will 
be driven below the edge of the template until the light 
reaching the phototube is just sufficient to produce a 
signal which will deflect the beam to the edge of the 
template. 

The generator has several limitations which merit dis-
cussion. The finite spot size results in some distortion 
for which compensation is difficult, since distortion de-
pends on the gain of the amplifier, intensity of the spot, 
the height of the pattern, location of the quiescent posi-
tion, etc., all of which may  vary  from  time  to  time.  In  

addition, the halo on the screen contributes an appre-
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Fig. 13—Schematic diagram of a generator for the arbitrary 
forcing function of a dependent variable—Type II. 

ciable signal which may cause clippipg of sharp high 
peaks of the template, since the halo signal can be 
picked up on both sides of the peak with the spot com-
pletely hidden. A third source of error lies in the paral-
lax resulting from a spot on one side of the cathode-ray-
tube face and a pattern on the other side. Careful pro-
portioning of over-all height and width of the pattern, 
location of the quiescent position, and adjustment of 
gain minimize these difficulties, but a definite limitation 
in accuracy exists. Another limitation lies in the inabil-
ity of the beam to rise or fall abruptly. Thus, if the de-
pendent variable passes rapidly through a region where 
the arbitrary function changes abruptly, the output may 
lag behind the ideal curve. This effect can be minimized 
by a reduction in vertical scale of the template. Since 
the time lag is small compared to the period of highest 
frequency used on this computer, the effect on solutions 
is usually negligible. 
The Type II function generator as developed for the 

computer is shown in Fig. 7. Its frequency response is 
best defined in terms of the maximum speed of rise of the 
cathode-ray beam. Under typical operating conditions, 
this corresponds to 40 microseconds per inch of deflec-
tion along the f(y) axis. This figure was obtained with a 
P5 phosphor screen having a decay time of approx-
imately 20 microseconds. Screens of this type provide 
sufficiently fast response characteristics for general use 
on the computer. 

11111 

Multiplier 
The multiplication of two arbitrary voltages can be 

accomplished in many ways. The method which has 
been adopted for the CIT computer utilizes a double-
modulation and subsequent detection scheme (see the 
circuit of Fig. 14). A balanced modulator is used to pro-
duce sidebands through modulation of a carrier by one 
of the product terms. The resulting voltage is of the 
form E1 cos (wet). This voltage is used as the carrier for a 
second modulator, which gives a sideband output 
E1E2 cos (wet). The carrier voltage is, of course, sup-
pressed in both cases through the use of a balanced 
modulator. For convenience, a varistor bridge is used 
for the first, and electron tubes for the second modu-
lator. Detection is accomplished with another variator 
bridge, minimizing the power-supply requirements of 
the unit. Isolation between inputs and output is auto-
matically supplied by the high-frequency transformers. 
It will be noted, however, that the-second input voltage 
is not isolated from system ground. If such isolation is 
required for both inputs, an additional iso'ator must be 
used. Since phase shift of the sidebands results in phase 
shift of the detected signal, care must be taken to min-
imize this effect. The first modulator, with untuned 
transformers, performs very well in this respect. Since 
tuned circuits are required in the second modulator, for 
several reasons, the phase shift here is minimized by 
overcoupling of the transformer in the plate circuit of 
the modulator. 
In the computer, groups of the dc isolators and the 

multipliers are supplied by a common high-frequency 
generator, thereby permitting small, compact units. 
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534.21  1839 
On the Sound Field Produced by a Point 

Source with Uniform Rectilinear Ultrasonic 
Velocity in a Perfect Fluid —P.  Li6nard. 
(ComPt. Rend. Acad. Sri. (Paris), vol. 228, pp. 
910-912; March 14, 1949. 

534.22:534.321.9  1840 
Experimental Determination of Velocity of 

Sound in Superheated Steam by Ultrasonics — 
J. Woodburn. (Trans. Amer. Soc. Mech. Eng., 
vol. 71, pp. 65-70; Discussion, pp. 70-72. 
January, 1949.) The frequency of a quartz 
crystal source and the length of standing waves 
generated in a cylinder containing the steam 
were measured. Results agree closely with data 
calculated from the steam tables of Keenan and 
Keyes. 

534.232  1841 
Coupled Mechano-Acoustic Oscillators and 

Resonators —F. A. Fischer. (Frequenz, vol. 2, 
pp. 232-238; September, 1948.) Discussion, by 
means of electrical analogies, of the type of 
oscillator termed "Tonpilz" [literally "sonic 
mushroom"] by Hahnemann and Hecht (see 
Phys. Z., vol. 21, pp. 187-192, 1920; and vol. 
22, pp. 353-360; 1921) and consisting simply 
of two masses connected by a spring and a 
damping device. The coupling of two such 
systems is exemplified in the well-known Fes-
senden oscillator. Reciprocal arrangements, in 
which two resonators are connected by a neck, 
are also considered. 

534.321.9  1842 
Experimental Ultrasonics: Parts 1 & 2—S. 

Y. White. (Audio Eng., vol. 33, pp. 20-23, 
45 and 24-25, 41; March and April, 1949.) 
Part I: Design, construction, and operation of 
the Hartmann whistle. Part 2: Discussion of 
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small pickups such as those used for probes, 
with due allowance for the wide frequency 
range normally required. 

534.321.9:537.228.2  1843 
Ultrasonics and Electrostriction --IL Fal-

kenhagen. (Z. Angew. Phys., vol. 1, pp. 304-
306; March, 1949.) Discussion of various possi-
ble methods of using electrostriction in ultra-
sonic transmitters and receivers. 

• 
534.41:534.78  1844 
A Photoelectric Type of Acoustic Spectro-

graph Using Sound Film —D. Brown, C. F. 
Coleman, and J. \V. Lyttleton. (Proc. Phys. 
Soc., vol. 62, pp. 149-162; March 1, 1949.) An 
optical method in which a continuously moving 
sound film is analyzed by means of a frequency-
scanning disk; the resulting oscillograph pat-
tern is photographed on another moving film. 
Typical analyses, mainly speech patterns, are 
reproduced and discussed. Advantages include 
the ability to record the amplitude and phase 
of each component, and to change the analyzing 
convention in any desired manner. Resolving 
power, spectral line profiles, and amplifier 
bandwidth requirements are also considered. 

534.43:621.395.813  1845 
Cost vs. Quality in A.F. Circuits--J. M. 

Van Beuren. (F M-TV, vol. 9, pp. 31-32, 34; 
February, 1949.) "Carefully-chosen compo-
nents and well-designed circuits can give a big 
improvement [in quality] at very small cost." 
Three high-quality af amplifiers are discussed, 
with diagrams and component details. 

534.76:621.395.625.6  1846 
Experiment in Stereophonic Sound —L. D. 

Grignon. (Jour. Soc. Mot. Pic. Eng., vol. 52, 
pp. 280-292; March, 1949. Discussion, p. 292.) 
S.M.P.E. 1948 Convention paper. Discussion 
of the special microphone technique required 
for recording for reproduction in a cinema. 
Essentially the same paper is reproduced in 
FM and Telev., vol. 9, pp. 28-30; April, 1949. 

534.78:621.396.619.13/.14  1847 
Ratio of Frequency Swing to Phase .Swing 

in Phase- and Frequency-Modulation Systems 
Transmitting Speech —Gannett and young. 
(See 2048.) 

534.83  1848 
Noise and its Measurements —H. G. M. 

Spratt. (Elec. Rev. (London), vol. 144, pp. 
565-567; April 8, 1949.) A short account of the 
principal features and functions of the sound-
level meter Type 1400, af analyzer Type 1401, 
and vibration meter Type 1402, made by the 
Dawe Instrument Co. 

534.844.4  1849 
A Comparison of the Acoustics of the Phil-

harmonic Hall, Liverpool, and St. Andrew's 
Grand Hall, Glasgow —T. Somerville. (BBC 
Quart., vol. 4, pp. 41-54; April, 1949.) The 
acoustic properties of the halls are expressed in 
terms of reverberation time, and various meth-
ods are discussed for measuring this quantity, 
which depends on the frequency of measure-
ment and the alignment of the directional 
microphone used. The results are correlated 
with the constructional details of the halls, and 
with subjective observations. 

534.845  1850 
On the Theory of the Reflection of Sound 

by Porous Media —J. Korringa, R. Kronig, and 
A. Smit. (Physica, ' s Gray., vol. 11, pp. 209-230, 
December, 1945. In English.) An extension of 
recent investigations by Zwikker and his col-
laborators (3321 to 3324 of 1948) to a medium 
consisting of a large number of identical rigid 
spheres, with infinite heat capacity and thermal 
conductivity, arranged in a cubic lattice. 

534.86:621.397.5  1851 
Audio Technique in Television Broadcast-

ing —R. H. Tanner. (Audio Eng., vol. 33, pp. 
9-13, 44; March, 1949.) 

621.395.61/.62  1852 
Considerations on Electroacoustic Trans-

ducers and Some Conclusions, with Practical 
Examples — W. BUrck. (Funk und Ton, vol. 3, 
pp. 187-201; April, 1949.) General theory of 
electrodynamic, electromotive, and electro-
static devices, with particular reference to 
efficiency. The conclusions are applied to dis-
cussion of the dynamic loudspeaker and the 
dynamic microphone. 

621.395.61  1853 
An Omnidirectional Microphone —J. K. 

Hilliard. (Audio Eng., vol. 33, pp. 20-21, 
April, 1949.) The microphone is 0.6 inch in 
diameter and 0.4 inch thick; it weighs less than 
oz. It is based on electrostatic rather than 

electromotive principles, and is little affected 
by blast, iron filing damage, or magnetic induc-
tion. In sound reinforcement applications, 4 db 
more gain is obtainable than with other non-
directional microphones. 

621.395.61  1854 
Single-Element Unidirectional Microphone 

— H. F. Olson and J. Preston. (Jour. Soc. Mot. 
Pic. Eng., vol. 52, pp. 293-302; March, 1949.) 
Developed for use in sound-film recording, with 
the following characteristics:  single-ribbon 
type; the back of the ribbon is coupled to a 
damped folded pipe and an acoustical imped-
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ance in the form of an aperture; improved 
cardioid directional pattern; increased output; 
reduced weight; reduced wind-noise response. 

621.395.623.7  1855 
Modern  Loudspeaker  Technique —M. 

Alixant. (Radio Tech. Dig. (Franc), vol. 3, 
pp. 83-99; April, 1949. Bibliography, pp. 99-
101.) A short discussion of the fundamental 
theory of electrodynamic loudspeakers, with 
tabulated data for the principal permanent-
magnet alloys and lists giving some details of 
permanent-magnet and electromagnetic loud-
speakers manufactured in France. Modern 
types of American and British loudspeakers are 
re viewed briefly. 

621.395.625.2 : 621.396.712  1856 
Disc Recording for Broadcast Stations — W. 

J. Mahoney. (Audio Eng., vol. 33, pp. 9-13, 46; 
April, 1949.) Discussion of the system designed 
for new studios at WSAL Cincinnati, and of the 
practical problems involved in designing a 
complex system of recording equalizers. 

ANTENNAS AND TRANSMISSION 
LINES 

621.315.212:621.397.5  1857 
The London-Birmingham Television Cable: 

Part 2 Cable Design, Construction and Test 
Results -H. Stanesby and W. K. Weston. 
(P.O. Elec. Eng. Jour., vol. 42, part 1, pp. 33-
38; April, 1949.) Details of the experimental 
work on the design and manufacture of the 
cable, the production of factory lengths, and 
the jointing technique used for completing re-
peater sections. Test results on typical sections 
are also discussed. Part 1: 1279 of June. 

621.392.26t  1858 
Reflection of HI Waves at a Sudden 

Change of the Cross-Section of a Rectangular 
Waveguide —K. Franz. (Frequenz, vol. 2, pp. 
227-231; September, 1948.) A formula for the 
reflection coefficient is derived which depends 
on the waveguide dimensions and is analogous 
to that for reflection at the junction of two 
parallel Lecher-wire systems of the same 
breadth but with their ends at different levels. 
At the reflection point, a local capacitive field 
exists. 

621.396.67  1859 
The General Problem of Antenna Radiation 

and the Fundamental Integral Equation, with 
Application to an Antenna of Revolution: 
Parts 1 & 2—G. E. Albert and J. L. Synge; J. 
L Synge. (Quart. Appi. Math., vol. 6, pp. 117-
156; July, 1948.) Part 1: Radiation in a finite 
a vity is discussed, and an integral equation is 
obtained which has the same form as the basic 
integral equation for an antenna. The latter 

Leg uation reduces to a simple explicit form for an 
antenna with axial symmetry. The application 
of the results to actual radiating systems is dis-
cussed. Part 2: The importance of the gap is 
emphasized; for a fuller investigation see 24 of 
1948 (Infeld). Thin antennas are considered; 
the current is shown to be approximately 
sinusoidal outside the gap. A shape term is in-
cluded for the case when the gap is not at the 
center, and is calculated explicitly for certain 
simple shapes. A method of successive approxi-
mations Is also described for dealing with any 
antenna, thin or thick. 

621.396.67  1860 
The Helical Antenna —J. D. Kraus. (Paoc. 

I.K.E., vol. 37, pp. 263-272; March, 1949.) The 
helix is considered as a fundamental form of 
antenna and the variation of radiation pattern 
and type of polarization with change In helix 
dimensions are discussed. For the axial mode, 
the radiation pattern and terminal impedance 
are maintained over a wide frequency range. 

621.396.67  1861 
A V.H.F. Helical Beam Antenna —H. E. 

Taylor and D. Fowler. (CO, vol. 5, pp. 13-16; 
April, 1949.) Design details for an antenna for 
the 144- to 148-Mc range, with circular 
polarization and gain of 11.5 to 13 db. 

621.396.67  1862 
Optimum Design of a Cylindroparabolic 

Reflector —G. Klages. (Frequenz, vol. 2, pp. 
151-154; June, 1948.) The Kirchhoff-Huyghens 
principle is used to calculate the zones on the 
surface of the reflector which reduce, by inter-
ference, the radiation along the axis. The 
formulas obtained enable reflectors to be de-
signed with optimum gain. 

621.396.67 : 538.56 : 535.13  1863 
The Radiation and Transmission Properties 

of a Pair of Semi-Infinite Parallel Plates: 
Part 1—Heins. (See 1920.) 

621.396.67:621.396.11  1864 
Ground Absorption with Elevated Vertical 

and  Horizontal  Dipoles —R.  E.  Burgess. 
(Wireless Eng., vol. 26, pp. 133-139; April, 
1949.) The fraction of the power absorbed in 
the ground is calculated for dipole heights 
which are large compared with the wavelength. 
The dipole is assumed to have a sine-law polar 
diagram and the energy flow into the ground is 
evaluated using the Fresnel reflection coef-
ficients which depend upon the wave polariza-
tion. The absorption factors are determined for 
limiting values of ground permittivity. The 
ground absorption for a vertical dipole is a 
very slowly varying function of the electrical 
properties of the ground and is very nearly 0.4 
for most practical conditions. It is appreciably 
greater than that of a horizontal dipole on ac-
count of the Brewster phenomenon. The results 
obtained are compared with those derived 
earlier by Strutt, Niessen, and Sommerfeld 
and Renner. 
The noise in an antenna system due to - 

thermal radiation from the ground is evaluated 
directly using thermodynamical principles and 
is shown to be consistent with the value de-
rived by application of the reciprocity princi-
ple. 

Brief consideration is given to the ground 
absorption for antenna arrays. 

621.396.671  1865 
Driving Point Impedance of a Vertical 

Cylindrical Radiator and Concentric Ring of 
Subsidiary Radiators over Perfectly Conduct-
ing Earth: Parts 1 & 2—H. Cafferata. (Mar-
coni Rev., vol. 12, pp. 12-20 and 57-67; Janu-
ary to March and April to June, 1949.) 
Hallkn's integral equation method is applied, 
with particular reference to an approximate 
solution for the case of 3 small subsidiary 
radiators symmetrically arranged round the 
main antenna and with base connections to it, 
the radius of the ring being small compared to 
X. See also 854 of 1946 (Harrison). 

621.396.671  1866 
Measurement of Gain of Electromagnetic 

Horns—A. S. Dunbar and M. D. Adcock. 
(Jour. Appi. Phys., vol. 20, pp. 226-227; Feb-
ruary, 1949. Criticism of 1600 of July (Watson 
and McKinney), and discussion of an alterna-
tive method involving measurement only of the 
ratio of received to transmitted power. 

621.396.671  1867 
Mutual Impedance of Parallel Aerials —G. 

Barzilai. (Wireless Eng., vol. 26, p. 73; Feb-
ruary, 1949.) Corrections to 648 of April. 

621.396.677  1868 
Metallic Delay Lenses —S. S. D. Jones and 

J. Brown. (Nature (London), vol. 163, pp. 
324-325; February 26, 1949.) Kock's formula 
(2176 of 1948) for the refractive index n is 

found experimentally to give a value 18 percent 
too low. The new formula 

n2= 14-(2d/ra)log,cosec(rb/2d), 

where a, b and d are dimensions of the lens 
structure, is based on the assumption that the 
refracting medium behaves like a transmission 
line. The formula is valid for the wavelength 
range within which n is constant. Observed 
values of n agree with those predicted by this 
formula within the limits of experimental ac-
curacy. 

621.396.677  1869 
Directional Antenna for the 152-162-Mc 

Communications Band —J. S. Brown and V. J. 
Moffatt. (Communications, vol. 29, pp. 14-16, 
35; March, 1949.) A corner-reflector type with 
vertical polarization, in which two sets of 
parallel rods, spaced 0.1 X apart in two vertical 
planes, are used instead of metal sheets. It has 
a unidirectional radiation pattern, a gain of at 
least 6 db over a X/2 dipole and a voltage 
SWR<1.5 over the whole frequency band. The 
feeder cable can have any impedance between 
50 and 7511. 

CIRCUITS AND, CIRCUIT ELEMENTS 

621.3.015.3:621.314.6  1870 
Voltage Surges Produced in Rectifiers by 

Starting without Load —T. Douma. (Communi-
cation News, vol. 9, pp. 121-125; August, 
1948.) If a high-voltage rectifier with low 
damping is started without load, voltage surges 
up to four times the peak transformer voltage 
can occur across the tubes, and the voltage on 
the smoothing capacitors can be twice the peak 
alternating voltage of the transformer. These 
surge voltages are at least double those en-
countered under normal operating conditions. 
They can be avoided by applying damping to 
the input choke and providing the smoothing 
capacitors with a suitable series resistance 
which can be short-circuited after the rectifier 
has been switched on. 

621.3.09:621.397.5  1871 
Attentuation and Phase Distortion and Their 

Effect on Television Signals —G. Fuchs and V. 
Baranov. (Cates and Trans. (Paris), vol. 3, 
pp. 194-207; April, 1949.) An examination of 
the relations between small attenuation and 
phase distortions and the deformation of the 
response curve of a television receiver. In one 
method, the distortion versus frequency char-
acteristic is treated as a whole, while in a second 
method this characteristic is split up into a cer-
tain number of elementary sections. Practical 
limits for these distortions are calculated and 
the theoretical results are applied to 450-line 
and 1,100-line television systems. 

621.314.2.012.8  1872 
The Transformer and its Equivalent Repre-

sentation —P. G. Violet. (Frequenz, vol. 3, pp. 
1-12; January, 1949.) A general treatment 
based on quadripole theory. Matrices for the 
ordinary and the ideal transformer are given 
and the various equivalent schemes are ex-
plained and compared. The application of 
circuit equivalents for measurement purposes 
and for filter calculations is considered, in par-
ticular for filters whose branches consist of 
oscillatory circuits. The equivalents for trans-
formers with two secondary windings are given 
and comparison is made with the normal single-
secondary transformer. 

621.314.3t  1873 
The Basic Considerations in the Design of 

Push-Pull Magnetic Amplifiers—M. A. Kozen-
blat. (Avlomalika i Telemekhanika, vol. 10, pp. 
32-50; January and February, 1949. In Rus-
sian.) Discussion of amplifiers of the differential 
bridge, and transformer types (Figs. 1, 2, and 3 
respectively) with loads taking ac. Their opera-
tion is discussed and the conditions for obtain-
ing maximum values of both power output and 
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amplihcation factor are established. Methods 
are indicated for determining the optimum 
operating conditions for a given core material. 
An example of the design procedure is given, 
together with experimental results for the 
amplifier 80 designed. 

621.316.86  1874 
Cracked-Carbon Resistors —R. W. Wilton. 

(FM-TV, vol. 9, p. 29; February, 1949.) Brief 
discussion of the characteristics of resistors 
made by the Welwyn Electrical Laboratories, 
by the pyrolitic process of depositing carbon on 
porcelain. Nonlinearity hardly exists. The re-
sistance value is controlled by the cracking 
temperature, the hydrocarbon content of the 
gas mixture, and the time of exposure of the rod 
in the cracking zone. Such resistors are cheaper 
than wire-wound resistors for ratings up to 2 to 
4 watts, and inductive effects are almost absent 
from high-value resistances, for which helical 
grooves may be used. Resistance values are ac-
curate within ± 1 per cent, voltage and tem-
perature coefficients are low, and long-term sta-
bility is high. High-gain amplifiers using these 
resistors have little high-level hiss. 

621.316.86  1875 
Results of an Investigation of the Volt-

Ampere Characteristics of Some Nonlinear Re-
sistors -M. A. Topchibashev. (Avtomatika i 
Telemekhanika, vol. 10, pp. 13-24; January and 
February, 1949. In Russian.) The division of 
nonlinear resistors into two main groups 
(varistors and thermistors) is considered; their 
properties can be best represented by their 
volt-ampere characteristics. The equation de-
scribing these is of the form I= A Va where A 
is called the coefficient of nonlinearity and a the 
index of nonlinearity. Analytical and graphical 
methods for determining A and a are discussed. 
Results of an experimental investigation of a 
number of these resistors are summarized in 
two comprehensive tables showing A, a, and 
the maximum errors for given voltage ranges. 

621.318.42  1876 
Axial Field and Supplementary Losses of 

Inductance Coils without Iron —J. Rezelman. 
(Rev. Gin. Elec., vol. 58, pp. 154-162; April, 
1949.) Formulas and curves are given for circu-
lar coils of rectangular winding cross section 
with experimental results. 

621.318.572  1877 
A New  Pulse-Amplitude  Discriminator 

Circuit—E. 11. Cooke-Yarborough. (Jour. Sci. 
Instr., vol. 26, pp. 96-97; March, 1949.) The 
circuit described discriminates against pulses 
smaller than those to be counted. The dead 
time is a known constant, so that counting 
losses can be accurately determined without 
complete knowledge of the resolving time of 
other equipment in the counting chain. These 
counting losses are calculated and the condition 
for the counting rate to be independent of the 
input pulse width is deduced. 

621.318.572:621.396.1  1878 
An Electronic Switch for Diversity Re-

ception--H. V. Griffiths and R. W. Bayliff. 
(BBC Quart., vol. 4, pp. 57-64; April, 1949.) 
The dual-diversity switch has a discriminator 
which monitors the signals received on two re-
ceivers and controls a gating circuit which 
blocks the output from the receiver carrying 
the weaker signal and passes that from the re-
ceiver carrying the stronger signal. Circuit 
details are given of this switch and of a similar 
device for operation with three receivers 
(triple-diversity). 

621.319:679.5  1879 
Design and Performance Characteristics of 

"Electrets" —E. D. Padgett. (Tele-Tech, vol. 8, 
pp. 36-39; 63; March, 1949.) See also 1307 of 
June 

621.319.4  1880 
Capacitors with Cylinders of Different Ex-

pansion Coefficients for Compensation of the 
Dependence of Capacitance on Temperature 
Rolumann. (Funk and Ton, vol. 3, pp. 230-

233; April, 1949.) Design formulas are given, 
with numerical examples and tabulated tem-
perature coefficients of capacitance for capaci-
tors with outer cylinder of brass (37 per cent 
Zn) and inner cylinder either of copper or of 
brass with Zn content ranging from 28.1 to 37 
per cent. The coefficient is zero for a capacitor 
with Cu inner cylinder and radii ratio of 1.164, 
and also for one with brass inner cylinder (31.1 
per cent Zn) and radii ratio of 1.02. 

621.319.4:621.315.59  1881 
On the Use of Semiconducting Liquids for 

Impregnating Paper Capacitors  ltenne. (See 
1969.) 

621.392  1882 
General Impedance-Function Theory --I'. 

I. Richards. (Quart. App!. Math., vol. 6, pp. 21-
29; April, 1948.) Discussion of methods of ex-
tending lumped-constant impedance-function 
theory to distributed-constant circuits. 

621.392:621.396.619.13  1883 
A Simple Method of Calculation for Electri-

cal Circuits Carrying Frequency-Modulated 
Voltages —J. W. Alexander. (Communication 
News, vol. 9, pp. 33-38; December, 1947.) An 
approximate simplification of Vellat's method 
(79 of 1942), accurate in general Othin 10 per 
cent for the final result. The important parame-
ters governing the accuracy are the "swing-
factor," or tatio of the maximum frequency 
deviation to the maximum modulation fre-
quency, and the bandwidth factor, or ratio of 
the bandwidth to the double swing. Calcula-
tions are made as for a circuit in which the vol-
tage varies sinusoidally at frequency f, and f is 
replaced by the instantaneous frequency in the 
final result. The distortion for a tuned circuit 
with and without limiter, and for a bandpass 
filter, is calculated by this and by other 
methods and the results are compared. 

621.392.43  1884 
A Balanced-to-Unbalanced Matching Unit 

for High Frequencies —J.  W.  Whitehead. 
(Jour. Sci. Instr., vol. 26, pp. 71-73; March, 
1949.) A circuit for matching an unbalanced 
circuit to a balanced resistive circuit is investi-
gated theoretically and practically. Component 
values for a particular case are derived. Ex-
perimental units on the same principles have 
been built with certain inductances and ca-
pacitances variable; they have been used suc-
cessfully with a 3.5-kw transmitter throughout 
the frequency range 2.5 to 20 Mc. These units 
can easily be constructed, and adjustments for 
large changes of frequency can quickly be made 
since coil changing is unnecessary. 

621.392.43  1885 
Impedance Transformation by Means of 

Cables —VV. Burkhardtsmaier. (Funk und Ton, 
vol. 3, pp. 151-167 and 202-213; March and 
April, 1949.) Discussion of the use of sections of 
cable, with characteristic impedance variable 
along their length, as impedance transformers. 
Two types are considered; in the first, the im-
pedance varies stepwise from one end to the 
other, while in the second, the impedance varia-
tion is uniform. Such transformers can be used 
with advantage not only for long and medium 
waves, but also for short waves if suitably de-
signed. Design formulas are derived and practi-
cal types of equipment for concentric cables 
and twin conductors are described. In many 
cases, better results can be obtained by the ad-
dition of compensation units at each end of the 
transformer section. The design of such units is 
also considered. 

621.392.5  1886 
On the Synthesis of the Most General 

Passive Quadripoles  R. I  (Cables and 
Trans. (Paris), vol. 3, pp.  141-158; April, 
1949.) The matrices of t lie impedances or ad-
mittances of passive (wadi ipoles are "positive 
real" matrices. Tlw construction of quadripoles 
from such matrices is straightforward when 
their elements comprise only two types of im-
pedance, but this is not the case when the 
matrices include resistances, inductances, and 
also capacitances. The possibility of obtaining 
passive quadripoles corresponding to 811 01 
matrices was shown by Gewertz (Jour. Math. 
Phys., vol. 12, pp. 1-254; 1932-1933) whose 
paper appears to-day to be largely ignored by 
technicians. Gewertz studies a particular class 
of matrices in which the determinant of the 
even parts of the elements is zero and for which 
he gives a method of reduction, lie also shows 
that the representation of every "positive real" 
matrix can be referred to a matrix of this class. 

The present paper, by more systematic ap-
plication of the theory of functions and of "posi-
tive real" matrices, simplifies the results of 
Gewertz and gives physical reasons for certain 
properties, sometimes established by formal 
calculus, which may not appear altogether 
satisfactory. Gewertz' method is also applied 
to the realization of effective impedances. See 
also 2539 of 1940, 1627 and 3017 of 1941 
(Caner) and 1887 below. 

621.392.5  1887 
Reactive  Ladder  Networks -J.  Ville. 

(Cables and Trans. (Paris), vol. 3, pp. 159-176; 
April, 1949.) A theoretical analysis based on the 
properties of the input impedance of ladder 
networks terminated by an ohmic resistance. 
This impedance only defines a network with a 
limited number of cells, which are all-pass. All-
pass cells which cannot be realized by ladder 
construction are essentially of the lattice type. 

Systematic use is made of shunt frequencies, 
for which the shunt arms of the ladder network 
are short-circuited, cutting out the terminal 
ohmic resistance; the input impedance then re-
sembles a reactance and the shunt frequencies 
• can, therefore, be determined a priori by find-
ing the frequencies for which the input imped-
ance has the properties of a reactance. The 
shunt frequencies are roots of the equation 
whose first member is obtained by equating to 
zero the even part of the input impedance. 
Comment on certain parts of the paper is made 
by R. Leroy. See also 2190 of 1948 and 1886 
above (Leroy). 

621.392.52  1888 
Introduction to the Operating-Parameter 

Theory of Filter Calculation --C. Wisspeintner. 
(Frequenz, vol. 2, pp. 131-140, 154-163, 190-
199, and 210-214; May to August, 1948.) The 
principal results of the mathematical theory of 
filters are presented in as simple a form as possi-
ble to make them readily available to the prac-
tical engineer. Quadripole theory is first con-
sidered and in this the usual complex quantities 
are denoted by German characters, while 
Roman type is used in the treatment of the 
operating-parameter theory. The wave-param-
eter theory of quadripoles includes discussion 
of the properties of various types of filter. In 
practice, it is seldom possible to terminate a 
filter with its characteristic impedance and, in 
consequence, reflections occur which affect the 
attenuation both within and outside the pass 
band. The operating-parameter theory takes 
account of such reflections. The relation be-
tween over-all, current, and voltage attenua-
Von is discussed and also echo attenuation. The 
determination of the no-load resistance for a 
given attenuation is explained in detail with 
the aid of numerous diagrams. Application of 
the theory is illustrated by numerical calcula-
tions for many different types of filter. Results 

1 



1 for a particular band-pass filter are in fairly 
good agreement with measurements. 

621.392.52  1889 
Variable Bandwidth Crystal Filters —B. 

. Sande!. (Radiotronics, pp. 78-87; September 
, and October, 1948.) The behavior of the 
equivalent circuit of a quartz crystal is dis-
cussed. For best over-all selectivity, the shunt 
capacitance in this circuit should be neutralized 
and practical arrangements for achieving this 
are described. To vary the bandwidth, a tuned 
circuit should be used as the load for the filter; 
the dynamic impedance of this circuit can be 
altered by the insertion of series or parallel 
resistors. The stage gain is calculated, with due 
allowance for bandwidth change. A design 
example is discussed in detail. 

621.392.52  1890 
The Input Impedance of Some Low Pass 

Filters with Resistance Terminations, with 
Reference to Class "B" Modulator Applica-
tions —H. R. Cantelo. (Marconi Rev., vol. 12, ' 
pp. 41-56; April to June, 1949.) The properties 
of certain m-derived filters terminated by a 
load of constant resistance are examined at 
frequencies up to 1.5 times the cutoff fre-
quency. With a preferred configuration of filter, 
the secondary leakage inductance of the modu-
lation transformer can be included as part of 
the filter system. Formulas and curves are 
given for 3 types of filter. The attenuation and 
Phase shift between input and output of the 
filter system are also calculated. 

621.392.52:621.395.44  1891 
Telephony Filters and the Effect of Ter-

mination and Losses on Their Characteristics: 
Parts 1 & 2—J. F. Schouten. (Communication 
News, vol. 9, pp. 61-69 and 97-106; April and 
August, 1948.) If we assume that all the ele-
ments of a reactive network have the same loss-
factor, the problem of calculating the effect of 
these losses on the network can be reduced to 
that of determining a function of a complex 
argument when the function is known for an 
imaginary argument. Three methods of solution 
are discussed: (a) the method of the perpendicu-
lar derivative, based on the differential expres-
sions of Cauchy and Riemann, (b) representa-
tion, based on Laplace's differential equations, 
of the attenuation and phase of a filter by 
means of soap-film models, and (c) an inter-
pretation, based on Cauchy's integral, anal-
ogous to a blurred image in optics. 
Within certain limits, a relation exists be-

tween the attenuation and phase in a network, 
as a function of frequency; this relation is ul-
timately based on the causal relation between 
the input and output voltage. The soap-film 
method is applied to several common types of 
simple filter which can be considered as proto-
types of more complex filters. 

621.392.52:621.396.621:621.396.5  1892 
Application of Crystal Filters in [Telegra-

phy] Receivers—F.  Maarleveld.  (Tijdschr. 
ned. Radiogenoot., vol. 14, pp. 41-55; March, 
1949. Discussion, p. 56. In Dutch with English 
Summary.) The filters are designed for an 
if of 100 kc and bandwidths of 50, 250, 500, 
and 1,500 cps respectively. Design formulas 
are tabulated. See also 2041 below. 

621.395.667:621.397.6  1893 
Phase and Amplitude Equalizer for Televi-

sion Use--E. D. Goodale and R. C. Kennedy. 
(RCA Rev., vol. 10, pp. 35-42; March, 1949.) 
Describes an equalizer of variable frequency 
response. Two amplifiers having resonant-cir-
cuit loads of variable damping and resonance 
frequency are used for amplitude equalization. 
To compensate for the phase distortion in the 
applied signal and for that produced in the 
amplitude equalizer, amplifiers with variable 
phase shift and constant gain are used. 
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621.396.611.3  1894 
Oscillator Power Variation and Frequency 

Pull-In —L. S. Schwartz. (Tele-Tech, vol. 8, 
pp. 30-32, 57; January, 1949.) An analysis of 
the effect of coupling variation for a mis-
matched feeder and an oscillator. Curves show 
how the oscillator power varies with coupling 
coefficient and SWR. Results of measurements 
using a lighthouse triode and cavity resonator 
are also included. 

621.396.615  1895 
Frequency Variation of a Crystal-Bridge 

Oscillator —W. Herzog. (Arch. Elek. (Uber-
tragiing), vol. 2, pp. 357-361; December, 
1948.) A simple bridge arrangement in the grid 
circuit of a tube oscillator enables a considera-
ble variation of the crystal resonance fre-
quency to be achieved. An auxiliary parallel 
circuit may be used to suppress one of the two 
possible oscillation frequencies. 

621.396.615  1896 
Variable Frequency R-C Oscillators —F. 

Butler. (Electronic Eng., (London), vol. 21, pp. 
140-142; April, 1949.) Discussion of phase-
shift types having a frequency-selective net-
work associated with a suitable amplifier. A 
practical oscillator circuit for the frequency 
range 250 to 5,000 cps is described in detail. 

621.396.615:621.384.612.11*  1897 
Pulsed Oscillator for F. M. Cyclotron —J. 

W. Burkig, E. L. Hubbard, and K. R. Mac-
Kenzie. (Rev. Sci. Instr., vol. 20, p. 135; Feb-
ruary, 1949.) 

621.396.615:621.396.619.13  1898 
Single-Valve Frequency-Modulated Oscil-

lators: Parts 1 & 2—K. C. Johnson. (Wireless 
World, vol. 55, pp. 122-123 and 168-170; 
April and May, 1949.) Part 1: A coil in the 
anode circuit of a pentode, coupled inductively 
to the cathode circuit, is used to modulate the 
effective value of the main tuning inductance 
without disturbing the oscillatory circuit seri-
ously. The amplitude of oscillation can be very 
nearly constant over frequency ranges at least 
as great as ± 15 per cent and at central fre-
quencies up to 10 Mc, since all the effects of 
circuit capacitance can be tuned out and the 
tube input capacitance is unimportant. 
Part 2: Details of design and operation. 

621.396.615.17  1899 
Theoretical and Experimental Study of a 

Generator of Periodic Slave-Frequency Elec-
trical Pulses —R. Legros. (Rev. Gin. Elec., vol. 
58, pp. 143-154; April, 1949.) Two circuits are 
discussed, of which one is an amplifier-limiter 
transforming an input voltage of variable 
wave form, amplitude, and frequency into a 
square-wave voltage of the same frequency, 
but almost constant wave form and maximum 
amplitude. The second circuit is a pulse gener-
ator operated by this square-wave output and 
providing pulses of duration short compared 
with their recurrence period. Amplifier-limiter 
circuits using (a) diodes, (b) pentodes as 
limiters are investigated; neither diodes nor 
pentodes are entirely satisfactory by them-
selves, but a combination of the two gives 
excellent results. Pulses obtained by use of a 
RC differentiator circuit are shown to be prac-
tically independent, as regards peak voltage 
and pulse shape, of the initial voltage wave 
form applied to the amplifier limiter. 

621.396.615.17:621.317.755  1900 
A Linear Resistance-Charged Gas Relay 

Time Base- E.  J. B.  Willey.  (Electronic 
Eng. (London), vol. 21, p. 101; March, 1949.) 
A circuit designed to avoid the type of trans-
former ordinarily used, which has one winding 
very well insulated and also scieened to mini-
mize the risk of pickup in the sensitive grid and 
cathode circuits of the relay. Full component 
details are given. 

621.396.615.17:621.317.755  1901 
A Wide-Range Saw-Tooth Generator —P. 

G. Sulzer. (Rev. Sci. Instr., vol. 20, pp. 78-80; 
January, 1949.) Description of a circuit which 
can be used as a timebase at frequencies be-
tween 15 cps and 500 kc, with good linearity 
and rapid flyback. A cathode-coupled multi-
vibrator is modified by including a parallel RC 
combination in the cathode lead of the first 
tube. 

621.396.615.17:621.385.032.24  1902 
Grid Current with RC Coupling—H. T. 

Ramsay. (Wireless Eng., vol. 26, pp. 113-118; 
April, 1949.) A mathematical analysis of the 
effect of grid current on the performance of a 
cathode-coupled multivibrator (Schmitt) cir-
cuit, to find the optimum values for the compo-
nents for operation at a given minimum fre-
quency. Experimental results support the 
theory. 

621.396.645  1903 
High-Frequency  Amplifier  Stages,  with 

Particularly High  Sensitivity and Cut-Off 
Sharpness, for Short-Wave and Ultra-Short-
Wave Apparatus —H. Riickert. (Arch. Elek. 
(Ubertragung), vol. 3, pp. 24-31; January, 
1949.) Discussion with particular reference to 
input-circuit design, noise factor, and the effect 
of feedback. Results with a circuit of high 
sensitivity are given and also a few data for 
some suitable pentodes. 

621.396.645  1904 
10-kw. F.M. Broadcast Amplifier —J. R. 

Boykin. (FM-TV, vol. 8, pp. 18-20; December, 
1948.) A grounded-grid amplifier, whose anode 
voltage is only 3,700 volts. Two triodes, Type 
WL3X2500A-3, are used. An apparent effi-
ciency of 100 per cent is achieved in the fre-
quency band 88 to 108 Mc. 

621.396.645:537.311.33:621.315.59  1905 
Some  Novel  Circuits for the  Three-

Terminal Semiconductor Amplifier — W. M. 
Webster, E. Eberhard, and L. E. Barton. 
(RCA Rev., vol. 10, pp. 5-16; March, 1949.) 
Equivalent circuits for de and ac are proposed 
for a transistor. The ac circuit is a T-network of 
resistances between base, emitter (positive 
electrode), and collector (negative electrode) 
with a generator in series with the collector. 
The generator has an emf µ times the voltage 
developed across the emitter resistance by the 
emitter current. Three amplifier connections 
are analyzed. The first, already described by 
Bardeen and Brattain (264 of February) has 
the base as a common electrode, with input to 
the emitter and output from the collector. The 
two new connections, which have input and 
output impedances more suitable for most 
purposes, have the input to the base, and out-
put respectively from the emitter and the col-
lector. These connections are applied to a 
direct-coupled amplifier, a 2-terminal oscillator, 
a relaxation oscillator, and a flip-flop circuit. 

621.396.645:539.16.08  1906 
A Simple  Counter-Tube  Amplifier  II 

Goldstein. (Z. Angew. Phys., vol. 1, pp. 329-
330; March, 1949.) A 2-tube amplifier suit-
able for operating a counting mechanism is 
described; its usefulness is limited by rela-
tively low gain. A similar 3-tube circuit has 
adequate gain for most purposes. Both ampli-
fiers are designed for 200-volt anode supply. 

621.396.645:621.317.733  1907 
An Amplifier for Use with Conductance 

Bridges —I). J. G. Ives and R. W. Pittman 
(Trans. Faraday Soc., vol. 44, pp. 644-646; 
September, 1948.) Two amplifying channels 
are used, one being fed with the bridge signal 
plus the inseparable interference and the other 
with interference alone, collected by an antenna 
near the bridge. The outputs are combined to 
cancel the interference, leaving a clear signal 
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In the final output. Full circuit details are 
given of an amplifier sensitive to n few micro-
volt. at 1,200 to 5,000 cps. 

621.396.645:621.383  1908 
The Development of a Photoelectric A.C. 

Amplifier with A.C. Galvanometer---J. M. W. 
Milatz and N.  Bloembergen. (Physic°, 's 
Gray., vol. 11, pp. 449-464; March, 1946. In 
English.) An ac galvanometer is fed by the 
same ac source as that for a synchronous 
motor driving a sector disk which interrupts 
the light falling on a photo cell. This device is 
sensitive only to 50-cps ac of the right phase. 
Fluctuations due to thermal effects were prac-
tically eliminated by cooling the photo cell 
with liquid air. 

621.396.645.029.3  1909 
Compact 6AS71 Amplifier for Residence, 

Audio Systems —C. G. McProud. (Audio Eng. 
vol. 33, pp. 17-19, 40 and 16-19; March and 
April, 1949.) Circuit and construction details 
of an amplifier having output power about 6 
watts, switching for selecting radio or phono-
graph input, sufficient gain and low-frequency 
equalization for low-level magnetic pickups, 
separate high- and low-frequency tone con-
trols, and remote control facilities. 

621.396.645.371  1910 
Negative-Feedback  Amplifiers —C.  F. 

Brockelsby. (Wireless Eng., vol. 26, pp. 43-49; 
February, 1949.) When negatve feedback is 
applied to an amplifier with two or more stages 
the frequency characteristic develops peaks at 
the edges of the band if a certain small amount 
of feedback is exceeded. These peaks get higher 
and sharper with increasing feedback until self-
oscillation begins. The flatness of the frequency 
characteristic can be improved, without using 
filters, by properly distributing the gain be-
tween the stages of the amplifier. The fre-
quency characteristics of 2- and 3-stage ampli-
fiers are discussed theoretically; results are con-
firmed experimentally. It is suggested that a 
3-stage amplifier should have two identical 
wide-band stages and one narrow-band stage; 
this is contrary to the usual practice. 

621.396.662  1911 
Fixed-Frequency  F.M.  Tuners —F.  A. 

Spindell. (F M-TV, vol. 9, pp.  16-17, 32; 
April, 1949.) A circuit diagram of the basic 
unit, model RP-23, is given and discussed. 
Models RP-24 and RP-25 have additional con-
trol units for selecting in sequence two preset 
audio volume levels and for switching on and 
off. The first half of a 12A X7 is associated with 
a bridged-T network and acts as a narrow-band 
amplifier at the control frequency. The second 
half of the 12AX7 amplifies the signal, which is 
applied to a 12AU7 operating a sensitive relay. 
This relay energizes a sequence relay which 
selects the required audio output level. 

621.396.69:061.3  1912 
Developments in Components—( Wireless 

World, vol. 55, pp. 133-138; April, 1949.) 
Brief details of exhibits at the Radio Compo-
nent Manufacturers' Federation 1949 exhibi-
tion. See also Overseas Eng., vol. 22, p. 310; 
April, 1949; and Electronic Eng., vol. 21, pp. 
146-149; April, 1949. 

621.396.615.17/.18+621.317.35  1913 
Waveform [Book Reviewl —Chance, Hughes, 

MacNichol, Sayre, and Williams. (See 2006.) 

GENERAL PHYSICS 

535+621.396  1914 
Interference,  Diffraction  and  Spectral 

Resolution in Optics and Radio —G. S. Gorelik. 
(UsPekki Fiz. Nauk, pp. 407-415; November, 
1948. In Russian.) A unified conception of the 
phenomena common to both sciences. 

535.215:621.383  1915 
On Photoelectric Voltages in Light-Absorb-

ing Materials —A. P. Snock and C. J. Garter. 

(Physica, 's Grav , vol. 11, pp. 426 432; Feb-
ruary, 1946. In English.) 

535.215:621.383  1916 
On the Interpretation of Observations on 

the Photoelectric Voltages with Intermittent 
Light- C. J. Gorier, L. J. F. Broer, and A. I'. 
Snoek. (Physic°, 's Gray., vol. 11, pp. 401 411; 
February, 1946. In English.) 

537.521  1917 
On the Dielectric Properties of a Gas Dis-

charge -E. E. Salpeter and R. E. B. Makinson. 
(Proc. Phys. Soc., vol. 62, pp. 180-188; March 
1, 1949.) Formal expressions are derived for the 
space currents and electrode currents obtained 
by applying a sinusoidal voltage to a pair of 
electrodes projecting into a gas discharge. 

537.521.7  1918 
Experimental Investigations of the Electri-

cal and Optical Phenomena in Spark Break-
down in Gases  F. Fiinfer. (1. Angew. Phys., 
vol. 1, pp. 295 304; March, 1949.) 

538.122  1919 
Lines of Magnetic Force Made Visible — 

(Radio Tech. (Vienna), vol. 25, pp. 259-260; 
April, 1949.) A special gas-filled (built., when 
brought near the poles of a magnet, shows the 
lines of force as luminous streaks. The electrons 
inside the tube travel along a narro‘‘ path 
coincident with a tube of force and ionize the 
gas in the tube. The field can lw plotted by 
moving the tube to different positions relative 
to the magnet poles. A tube with 8 anodes, 
giving 8 narrow electron beams, is described. 

538.56: 535.13:p21.396.67  1920 
The Radiation and Transmission Properties 

of a Pair of Semi-Infinite Parallel Plates: Part 
1—A. E. Heins. (Quart. Appi. Math., vol. 6, 
pp. 157-166; July, 1948.) A plane monochro-
matic electromagnetic wave is incident upon 
the plates, which are assumed thin and per-
fectly conducting. The amplitude and phase of 
the wave traveling between the plates are cal-
culated. The structure is regarded as a two-
dimensional receiving antenna and its radiation 
pattern is obtained. Its properties as a trans-
mitting antenna will be considered later. See 
also 2756 and 3504 of 1947 (Carlson and 
Heins). 

538.569.4: 546.331.31-145.1  1921 
Absorption of Ultra-High-Frequency Waves 

in Salt Solutions- -S. K. Chatterjee and B. V. 
Sreekantan. (Indian Jour. Phys., vol. 22, pp. 
547-552; December, 1948.) For aqueous solu-
tions of MgCl2, CuSO4 and KCl, the absorpt ion 
maxima in the range 300 to 500 Mc shift 
toward higher concentration for higher fre-
quencies. Sec also 3099 of 1948. 

53/54  1922 
Table of Physical and Chemical Constants 

[Book Revievd —G. W. C. Kaye and T. H. 
Laby. Longmans, Green and Co., London, 10th 
edition 1948, 194 pp., 21 s. (Proc. Phys. .Soc., 
vol. 62, p. 209; March i 1, 1949.) Considerable 
revision has been undertaken; the fundamental 
constants have been corrected in the light of 
recent determinations, and derived constants 
re-calculated. 

GEOPHYSICAL AND EXTRATER, 
RESTRIAL PHENOMENA 

523.745:550.385  1923 
Magnetic Storms and Solar Activity, 1948 - 

H. W. Newton. (Observatory, vol. 69, pp. 38-40; 
February, 1949.) Provisional sunspot numbers, 
magnetic storms, and sudden commencements 
are tabulated and discussed. 

523.746:550.38  1924 
Observational Aspects of the Sunspot-

Geomagnetic Storm Relationships- -H.  W. 
Newton. (Mon. Not. R. Asir. Soc., Geophys. 
Supplement, vol. 5, pp. 321-335; March, 1949.) 

Full paper, summary abstracted in 1370 of 
June. 

538.12:521.15  1925 
The Magnetic Field of Massive Rotating 

Bodies  P. M. S. lilackett. (Phil. Mug., vol. 
40, pp. 12.5 I50; ebruary, 1949.) Continuat ion 
and elaboration of 3112 of 1947. 

550.38 "1947.10/.12"  1926 
Cheltenham IMarylandl  K  Indices for 

October to December, 1947  In 379 of March 
t lie author's initials should lw R. E. 

550.384.4 : 551.510.535  1927 
Daily  Magnetic  Variations  Near  the 

Equators  I). F. Mart n. ( Nature (London), 
vol. 163, pp. 685 (,86; April .01, 1949.) The ob-
served anomalies appear to require the exist-
ence in the ionosphere of a region of high elec-
tric conductivity, about 15 of latitude wide, 
encircling the world approximately midway 
between the magnetic equator (line of zero in-
clination) and the geomagnetic equator (equi-
distant from the magnetic poles). See also 1936 
and 2790 of 1948 (Egedal) and 710 of April 
(Chapman). 

551.510.52  1928 
The Structure of the Temperature Field in • 

Turbulent Stream- -A. M. Obukhov. (Bun. 
.4 cad. Sci. U.R.S.S., Sir. 
13, no. 1, pp. 58- 69; 1949. In 
obtained are mentioned in 2024 is  

551.510.535  191 ,, 
On the Connections between an Oxygen-

Atom Zone, Ionized Layers and Radiation due 
to the Mdgel-Dellinger Effect -E. Schroer. (Z 
Mel., vol. 1, pp. 110-113; January and Feb-
ruary, 1947.) Calculations based on the most 
probable values of dissociation and recombina-
tion coefficients indicate that the oxygen-atoni 
zone extends upward from a height of about 100 
km. Recombination takes place so slowly that 
the zone persists through the night. The F-layer 
may be due to photoionization of the N2 mole-
cule. Radiation in the band 661 to 765A could 
produce the E-layer by photoionization of 02; 
radiation in the band 910 to 1010 A could, 
siffiilarly, produce a layer at a height of 60 to 
100 km with ion concentration normally in-
sufficient for the reflection of electromagnetic 
waves. 

551.510.535  1930 
Ionospheric Disturbances and Their Ter-

restrial effects --G. LeitliNuser. (Funk und 
Ton, vol. 3, pp. 127-143; Marc(i, 1949.) A 
general discussion, with particular reference to 
observations in Germany of ionosphere layer 
heights, aurora and sporadic-E, and correlation 
with propagation phenomena and geomagnetic 
effects. 

551.510.535 : 523.3 : 621.396.11  1931 
Moon Echoes and Penetration of the Iono-

sphere --Kerr, Shain, and Higgins. (See 2030.) 

551.510.535:551.557  1932 
Atmospheric Currents at a Height of 120 

km --C. Hoffineister. (Z. Met., vol. 1, pp. 33-
41; November and December, 1946.) Obesrva-
t ions extending from 1922 to 1945 are tabulated 
and discussed. At heights above 100 km in 
latitude 50°N, currents are observed in summer 
from SSW to SW with stable velocities of about 
50 miles per second and relatively little dis-
persion in either direction or velocity. In winter 
two current systems are found, one identical 
with that of summer but deviated slightly 
westward, the other consisting of polar-air cur-
rents from N W to NE. Velocities are higher in 
winter than in summer, with mean values of 
65 miles per second for the SW currents and 89 
miles per second for the northerly. The dis-
persion in the observed values of direction and 
velocity is much greater in winter than in sum-
mer. 21 per cent of the observed velocities ex-
ceeded 100 miles per second; velocities above 
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200 miles per second were seldom noted; the 
highest value was 267 miles per second. Possi-
ble explanations of the effects are suggested 

551.510.535:621.317.79  1933 
Sweep Frequency Ionosphere Equipment 

Sulzer. (See 2004.) 

551.510.535:621.396.11  1934 
The Ionosphere over Mid-Germany in 

February  1949 —Dieminger.  (Fernmelde-
tech. Z., vol. 2, p. 94; March, 1949.) Mean 
values of the limiting frequencies and heights 
of the E and F layers, deduced from measure-
ments at Lindau fiber Northeim, are plotted 
and discussed. From February 12 to 21, the 
limiting frequency of the F2 layer was unex-
pectedly high and on three occasions about mid-
day exceeded 14 Mc. 

551.510.535 :1621.396.61 +621.396.621  1935 
Ionosphere Sounding [equipmentl —Maguer 

(See 2069.) 

551.593.9  1936 
The Luminescence of the Atmosphere—I. 

A. Klivostikov. ( Uspekhi Fiz. Nauk., no. 3, 
PP. 372-386; November, 1948. In Russian.) 

LOCATION AND AIDS TO 
NAVIGATION 

621.396.9:523.3  1937 
Detection of Radio Signals Reflected from 

the Moon —J. H. De Witt, Jr., and E. K. 
Stodola. (PROC  .R. E., vol. 37, pp. 229-242; 
March, 1949.) The moon is considered as a 
radar target and formulas are obtained for the 
attenuation between transmitter and receiver 
antennas. An experimental equipment and 
measuring technique used for obtaining reflec-
tions from the moon are described and results 
obtained are given. The possibility of using 
signals reflected from the moon for communica-
tion purposes is considered. See also 2915 of 
1948 (Grieg, Metzger, and NVaer). 

621.396.93  1938 
V.H.F. Automatic Direction Finder —(Engi-

neer (London), vol. 187, p. 197; February 18, 
1949.) A short account of the remotely operated 
installation at Brussels airport. Probable error 
should be 1 degree or less, with a range of 100 
nautical miles to aircraft at 10,000 feet. The 
development of such equipment was fully dis-
cussed by Cleaver (1078 of May). 

621.396.93:519.271  1939 
Theory of Error Distribution: Application 

to Radio Navigational Aids—P. F. Duncan 
(Wireless Eng., vol. 26, pp. 49-52; February, 
1949.) 

621.396.93.029.62  1940 
Development of Single-Receiver Automatic 

Adcock Direction-Finders for Use in the Fre-
quency Band 100-150 Megacycles per Second 
—R. F. Cleaver. (Elec. Commun., vol. 25, pp. 
337-362; December, 1948.) Reprint, with minor 
additions, of 1078 of May. 

621.396.93.088  1941 
H.F. Transmitter for D.F. Measurements 

—B. G. Pressey. (Wireless Eng., vol. 26, pp. 
124-128; April, 1949.) Discussion of the princi-
ples of design and the details of construction 
and operation of an elevated screened-loop 
transmitter. The loop can be rotated about a 
horizontal axis to produce a wave of known 
polarization for the measurement of the polari-
zation error of direction-finding systems. The 
parallax error that occurs if a dipole is used as 
the radiator is thus eliminated. 

621.396.932:621.396.9  1942 
The Development of Shlpborne Naviga-

tional Radar—R. F. Handout. (Jour. Inst. 
Nov., vol. 1, pp. 118-141; April, 1948. Discus-
sion, pp. 141-147.) Survey based on two papers 
presented at the International Meeting whose 
report was noted in 3135 of 1947. Some of the 

navigational data has been elaborated and the 
account has been brought up to date; possible 
future developments are discussed. 

621.396.933  1943 
Note on a Short-Range Radio Position-

Finding System Using Modulated Continuous 
Waves—R. F. Cleaver. (Elec. Commun., vol. 
25, pp. 363-372; December, 1948.) Reprint, 
with minor additions, of 96 of February. 

621.396.933.2  1944 
Radio Distance-Measuring Equipment for 

Aerial  Navigation —(Engineering  (London), 
vol. 167, p. 187; February 25, 1949.) Long sum-
mary of paper abstracted in 1402 of June 
(Busignies). 

621.396.933.2 : 621.396.826 : 621.396.619.16 
1945 

Elimination of Reflected Signal Effects in 
Pulsed Systems —D O. Collup. (Tele-Tech, vol. 
8, pp. 38-40, 64; January, 1949.) Multipath 
reflections can increase the apparent width of 
the shorter radar pulses in systems which de-
pend on pulse width or pulse spacing to convey 
information. The incoming direct pulse can, 
however, be used to make the receiver insensi-
tive to pulses whose amplitude is not constant 
over the whole pulse width. An echo-suppres-
sion circuit of this type for a radar transponder 
beacon is described. 

621.396.933.24  1946 
Rotating Field Beacons —F. de Fremery. 

(Communication  News, vol.  9, pp. 2-20; 
September, 1947.) Beacons rotated mechani-
cally cannot provide information quickly enough 
for antenna navigation. This difficulty can be 
overcome by rotating the field electrically, and 
comparing its phase with that of a pulsating 
field, but the two fields must not have the same 
frequency as they could not then be separated 
in the receiver. The properties of simple and 
modulated rotating fields are discussed. If two 
fields have harmonically related frequencies, 
the phase angle between them can be measured 
accurately with simple apparatus at the re-
ceiver, and this phase angle is a multiple of the 
azimuth. A rough bearing is obtained from 
modulation with fields of frequencies fo and 210 
rotating in the same sense; the accurate bear-
ing, which by itself would .be ambiguous, is ob-
tained from modulation of fields of frequencies 
fo and nfo rotating in opposite senses. Apparatus 
for transmitting and receiving such fields is 
described. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

531.788  1947 
Construction and Theoretical Analysis of a 

Direct-Reading Hot-Wire Vacuum Gauge with 
Zero Point Control —J. A. H. Kersten and H. 
Brinkman. (Appi. Sci. Res., vol. Al, no. 4, pp. 
289-305; 1949.) Description of a gauge con-
nected to a special bridge, unaffected by voltage 
fluctuations or changes in ambient tempera-
ture. Pressures between 10-6  and 10-1 mm Hg 
can be measured. 

531.788.7  1948 
Design of an Ionization Manometer Tube 

- -D. L. Hollway. (Elec. Commun., vol. 25, 
pp. 373-385; December, 1948.) An abridged 
version was abstracted in 3916 of 1947. 

535.37  1949 
Luminescent Solids IPhosphoral —H. W. 

Leverenz. (Science, vol. 109, pp. 183-195; Feb-
ruary 25, 1949.) A general discussion of the 
properties of typical phosphors, luminescence 
mechanism, and luminescence emission spectra. 

535.37:535.61-15  1950 
Inertia  Effects in Infra-Red  Sensitive 

Phosphors -F. R. Scott, R. II. Thompson, and 
R. T. Ellickson. (Jour. Opt. .Soc. Amer., vol. 39, 
pp 64 67; January, 1949.) Discussion of re-
sults of measurements of the time required for 

certain phosphors to acquire nexim uIm hi igl.t 
ness when exposed to infrared radiation. 

535.37:621.315.61.011.5  1951 
The Optical and Electrical Properties of 

Zinc Silicate Phosphors —E. Nagy. (Jour. oin. 
Soc. Amer., vol. 39, pp. 42-49; January, 1949.) 
A close connection was found between dielec-
tric loss and luminescence. See also 1051 of 
1948 (Szigeti and Nagy). 

537.311.33  1952 
Electron Diffraction and Rectification from 

Silicon and Pyrite Surfaces—J. M. Cowley and 
J. L. Symonds. (Trans. Faraday .Soc., vol. 44, 
pp. 53-60; January and February, 1948.) For 
the best rectification, the crystal lattice should 
be almost perfect and free from fracture or 
mosaic structure. 

538.213  1953 
Permeability Decrease  with Increasing 

Frequency —H. J. van Leeuwen. (Physica, 's 
Gray., vol. 11, pp. 35-42; January, 1944. In 
Dutch, with French summary.) Theoretical 
discussion. 

538.221  1954 
The Magnetie Structure of High-Conduc-

tivity Alloys: Part 1—On Certain Peculiarities 
of the Magnetization Curves and Hystersis 
Loops of Alnico and Vicalloy —L. A. Shubina 
and Va. S. Shur. (Zh. Tech. Fiz., vol. 19, pp. 
88-94; January, 1949. In Russian.) Part 2, 1955 
below. 

538.221  1955 
The Magnetic Structure of High-Conduc-

tivity Alloys: Part 2—The Effect of Thermal 
Treatment on the Electrical Resistance of 
Alnico —V. I. Drozlizhina, M. G. Luzliinskaya, 
and Va. S. Shur. (Zh. Tekh. Fiz., vol. 19, pp. 
95-99; January, 1949. In Russian.) Part 1, 1954 
above. 

538.221  1956 
The Structure and Properties of the Alloy 

Cu2MnIn —B. R. Coles, W. Hume-Rothery, 
and H. P. Myers. (Proc. Roy. Soc. A, vol. 196, 
pp. 125-133; February 22, 1949.) 

538.221:621.317.4.029.62  1957 
Ferromagnetism at Very High Frequencies: 

Part 2—Method of Measurement and Proc-
esses of Magnetization —Johnson and Rado. 
(See 1994.) 

538.221:621.318.22:538.652  1958 
The Cause of Anisotropy in Permanent 

Magnet Alloys —K. Hoselitz and M. McCaig. 
(Proc. Phys. Soc., vol. 62, pp. 163-170; March 
1, 1949.) Magnetostriction measurements on 
samples of Alcomax II indicate that, in the ab-
sence of a field, the domain magnetization is 
along the easy crystallographic direction which 
makes the smallest angle with the axis of 
anisotropy. 

539.23:537.311  1959 
Measurements of the Electrical Resistance 

of Thin Films of Copper, Silver and Lead —A. 
van Itterbeek and L. de Greve. (Physica, 's 
Gray., vol. 11, pp. 78-90; February, 1944. In 
French.) Results are presented for films of 
thickness up to 100 ma from room temperature 
down to the boiling point of liquid hydrogen. 
The temperature coefficient of resistance for 
Cu and Ag films is much less than that of the 
ordinary metal and becomes negative for a 
thickness of 3 mu Cu or 4.5 mp Ag. 

539.23:537.311  1960 
Measurements of the Electrical Resistance 

of Superposed Metallic Films— A. van Iti ,•1 
beek and L. de it eve. (Physica, 's Gray., vol. 11, 
pp. 465-469; March, 1946. In French, with 
English summary.) The resistance of Ag/Cu or 
Cu/Ag films agrees fairly well with that. calcu-
lated for resistances in parallel, except when the 
filni first deposited is extremely thin. 
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530.23:537.311:546.74  1961 
Some Measurements on Thin Films of 

Nickel -A. van Itterbet•k and I,. de Gwve. 
(Physica, 's Gray., vol. 11, pp. 470 -474; March 
1946. In French, with English summary.) For 
the principal results see 343 and 3305 of 1946. 

546.281.26  1962 
On the Causes of the Nonlinearity of the 

Volt-Ampere Characteristic of Carborundum — 
V.  I. Pruzhinina-Granovskaya. (Zh.  Tekh. 
Fiz., vol. 19, pp. 100-110; January, 1949. In 
Russian.) 

546.431.82  1963 
The Dielectric Behavior of BaTiO, Single-

Domain Crystals  W. J. 'Metz. (Phys. Rev., 
vol. 73, p. 687; Feln wit y 15, 1949.) 

549.514.51  1964 
Production of Large Artificial Quartz Crys-

tals --I. Franke and NI. II. de Longchamp. 
(compt. Rend. Acad. Sci. (Paris), vol. 228, 
pp. 1136-1137; March 28, 1949.) An autoclave 
process is described briefly. A seed crystal is 
arranged in a cool part and quartz or fused 
silica in the hottest part of the alkaline solution 
in the vessel, the pressure in which is main-
tained at 60 atmospheres and the temperature 
at 200 to 300°C. Homogeneous crystals 3X 2 
X0.5 cm, with good electrical properties, are 
produced in 3 to 4 weeks. 

549.514.51:534.133  1965 
Notes on the Frequency-Temperature Re-

lationship of Some Low Frequency Quartz 
Plates —D. Fairweather and N. J. Beane. 
(Marconi Rev., vol. 12, pp. 68-80; April to 
June,  1949.)  Longitudinal oscillations are 
mainly considered; various types of cut are 
discussed. Flexural types of vibration are 
likely to increase in importance but more 
information is required. The Bell Telephone 
Laboratory terminology for angles of cut (see 
1995 of 1944) is used. The constants controlling 
the form of the frequency versus temperature 
curves are derived by a method closely related 
to that of Mason (3518 of 1940). Design data 
are deduced from these and similar cur yes, and 
the relationships encountered in practice are 
discussed. 

620.197  1966 
The Climatization of Radio Equipment — 

M. A. (Radio Tech. Dig. (Franc.), vol. 3, pp. 
115-120; April, 1949.) A note reviewing modern 
methods of protection against extremes of 
temperature, humidity, fungi and insects, 
together with a list of 70 recent references. 

620.197:621.319.45  1967 
On the Climatization of the Electrolytic 

Capacitor —H. E. Miquelis. (Radio Tech. Dig. 
(Franc.), vol. 3, pp. 77 82; April, 1949.) A few 
details are given concerning capacitors of 
several types; one type can withstand tem-
peratures from —60° to +90°C in store or 
during transit and functions satisfactorily in 
the range from —40° to +70°C. 

621.315.59:537.311.33:621.396.645  1968 
Germanium --Important New Semiconduc-

tor—W. C. Dunlap, Jr. (Gen. Elec. Rev., vol. 
52, pp. 9-17; February, 1949.) An account of 
the chemical, physical, and electrical proper-
ties of Ge, and its application in the transistor. 

621.315.59:621.319.4  1969 
On the Use of Semiconducting Liquids for 

Impregnating Paper Capacitors —V. T. Renne. 
(Zh. Tekh. Fiz., vol. 19, pp. 218-224; February, 
1949. In Russian.) 

621.315.61.011.5:546.431.82  1970 
Anomalous Dielectric Properties of Poly-

crystalline Titanates of the Perovskite Type — 
J. R. Partington, G. V. Planer, and I. I. Bos-
well. (Phil. Meg., vol. 40, pp. 157-175; Febru-
ary, 1949.) 

621.315.612.011.5  1971 
A New Type of Dielectric Polarization, and 

Losses in Polycrystalline Dielectrics  G. 1. 
Skavani and A. I. Demeshina. (Zh. Ek,p. Tem. 
Fie., vol. 19, pp. 3 -17; January, 1949. In 
Russian.) Experiments were conducted with 
materials having a distorted crystal lattice. 
The materials were obtained by sintering TO)/ 
with oxides of the second group of metals. 
Materials with small additions of Sr0, Ca() 
BaO, and ZnO have a high dielectric constant 
(of the order of 1,000) at frequencies from 10 
to 20 kc. The loss angle is greater than for pure 
Ti02, and has pronounced frequency and 
temperature maxima. Variations of s and tan 
15 with increase of concentration of the alkaline 
earths are shown graphically. The experimental 
results are in agreement with a theory of re-
laxation  polarization  developed  in  earlier 
papers.  The activation energy of loosely 
coupled ions and the frequency of their oscilla-
tions, as calculated from the experimental data, 
have abnormally low values. • 

621.315.618.015.5:537.52  1972 
Breakdown Voltage of Rare-Gas 'Nitrogen 

Mixtures between Hot Electrodes - J. A. M. 
van Liempt and W. D. van Wijk. 
Gray., vol. 11, pp. 167-178; March, 1944. In 
German.) The dependence of the breakdown 
voltage on the nitrogen content, the gas pres-
sure, and the temperature and separation of 
the electrodes is shown graphically. The re-
sults are discussed with reference to the design 
of gas-filled glow lamps. 

621.775.7  1973 
Powder  Metallurgy --G.  Fitzgerald-Lee. 

(Electronic /big., vol. 21, pp. 87-90; March, 
1949.) The development of the art is outlined 
and basic principles are briefly discussed. 
Methods of controlling grain growth are con-
sidered with particular reference to the pro-
duction of tungsten wire with properties suit-
able for lamp filaments. Various applications 
are mentioned. 

666.1.037.5  1974 
The Technique of Glass-to-Metal Sealing 

with  Special  Reference  to  Vacuum-Tight 
Seals--A. G. Long. (Jour. Soc. Glass Tech., vol. 
30, no. 137, pp. 67-89; 1946.) A general survey 
ranging from wire seals used in tube pinches 
to cylindrical seals some 4 inches in diameter, 
from the standpoint of the author's personal 
experience. Practical manufacturing details are 
discussed and illustrated. 

666.1.037.5:621.385.032.5  1975 
The  Electrode  Leads  of  Transmitting 

Valves —E. G. Dorgelo. (Communication News, 
vol. 9, pp. 38-44; December, 1947.) Survey 
and discussion of various methods of sealing. 

MATHEMATICS 

517.53 : 621.392.52  1976 
Splitting of an Analytical Function into an 

Even and an Odd Component, and also a 
Method of Determining, for a Known Even 
Component, the Odd Component and the 
Function as a Whole —Correction to 1422 of 
June, the title of which should read as above. 

518.5  1977 
Multiplication and Division by Electronic-

Analogue Methods —E. M. Deeley and D. M. 
MacKay. ( Nature (London), vol. 163, p. 650; 
April 23, 1949.) A multiplier should have 
(a) symmetry of response to positive and 
negative inputs, (b) an absolute indication of 
zero input, (c) independence of normal changes 
in electronic characteristics, and (d) rapid and 
accurate response. A multiplier having a cro 
with an axial magnetic field is here described; 
the transverse velocity of the electron stream 
is proportional to the voltage V, applied to 
the X-plates of the cro. The magnetic field II 

produces a deflecting force initially in the 1. 
direction, prop°, tional to II V. This is counter-
acted by a Pilot x•lectric feetlback tryst u.i ; the 
spot can thus be held close to the X axis, and 
the voltage I/9 is Own proportional to the 
product of V. and the current hi producing the 
field II. Converaely, tlw photo cell can be used 
to control II so that in is  proportional to 

V.,. Preliminary experimental results with 
tIns technique are satisfactory. 

518.5:512.25  1978 
A Twelve-Equation  Computing  Instru-

ment  C. E. Berry and J. C. Pemberton. 
(Instruments, vol. 19, pp. 396 398; July, 1946.) 
An instrument of the decade-potentiometer 
type for solving linear simultaneous equations 
by successive approximations. 

518.5:517.944  1979 
A Note on Analog Computer Design  J. A. 

Bronio and II. G. Cohen. (Rev. Sri. Instr., vol. 
20, pp. 101 -102; February, 1949.) In 
types of partial differential equations, the 
spatial derivatives may be replaced by finite 
,htference expressions. By using Laplace trans-
forms and matrices, the original equations can 
be reformulated as a set of linear simultaneous 
equations. A simpler procedure sometimes re-
sults from the application of a "similarity 
transformation" to the matrix of these equa-
tions before a computer is designed to solve 
them. 

517.564.3k083.5)  1980 
Tables of Besse! Functions of Fractional 

Order.  Vol.  1 (Book  Review) -National 
Bureau of Standards. Columbia Universit y 
Press, 1st edition 1948, 418 pp. (Phil. Mac., 
vol. 40, p. 124; January, 1949.) J, (x) is tabu-
lated to 10 places of decimals for ± 
and I, and x=0(0.001)0.9(0.01)25.0. Auxiliary 
tables are provided to extend the range to 
values of x up to 30,000. See also 1708 of July 

• 
518.2  1981 

Practical Five-Figure Mathematical Tables 
[Book Reviewr-C. Attwood. Macmillan, Lon-
don, 1948. 74 pp., 3s. (Wireless Eng., vol. 25, 
p. 267; August, 1948; Nature (London), vol. 
163, p. 306; February 26, 1949.) The problem 
of the regions where mean proportional parts 
are untrustworthy has been resolutely tackled 
by adjusting the interval of tabulation to suit 
the rate of change of the function tabulated. 
"The book ....an  be thoroughly recom-
mended." 

MEASURE MENTS AND TEST GEAR 

531.761 +621.3.018.4(083.74)  1982 
Standard  Frequency  Broadcasts  from 

Hawaii —( Tech. Bull. Nat. Bur. Stand., vol. 
33, pp. 39-40; Nlarch, 1949.) An experimental 
station on the island of Maui, Territory of 
Hawaii, now broadcasts standard frequencies 
(5, 10, and 15 Mc), time announcements. 
standard time intervals and standard musical 
pitch (440 cps) with call sign W WVH. Simul-
taneous reception of W WV and W WVII in 
certain areas should not cause interference. 

531.761+621.3.018.4(083.74)  1983 
The Atomic Clock —( Tech. Bull. Nat. Bur. 

Stand., vol. 33, pp. 17-24; February, 1949.) 
The operation depends upon the constant natu-
ral frequency associated with the vibrations of 
atoms in the NI-Ia molecule. Accuracy is within 
1 part in 107; theoretical considerations indi-
cate a potential accuracy within 1 part in 10' 
or 101°, according to the type of atomic system 
and spectrum line used. The clock consists 
essentially of a 100 kc crystal oscillator, a 
frequency multiplier, a frequency discrimina-
tor, a frequency divider, a special 50-cps clock, 
and a waveguide absorption cell containing 
Nils at a pressure of 10 to 15 µ 11g. The funda-
mental frequency of the ostillator is first multi-



!plied up to 270 Mc by means of standard low-frequency tubes. It is then multiplied up to 
2,970 Mc by means of a frequency-multiplying 
klystron, which is also modulated by a FM 
oscillator generating a signal at 13.8 ± 0.12 
Mc. The FM output is multiplied in a Si crystal 
rectifier to 23,870.4 + 0.96 Mc and fed to the 
ammonia absorption cell. As the frequency of 
this modulated control signal sweeps across 
the absorption-line frequency (23,870.1 Mc) 
of the NH3 vapor, the signal reaching the Si 
rectifier dips because of the absorption, giving 
a negative output pulse. The output of the 
FM oscillator at 13.8±0.12 Mc is also fed to a 
receiver together with a 12.5-Mc signal from 
the quartz-crystal multiplying chain. When 
the signal sweeps across the proper frequency 
(12.5 Mc-Fthe 1.39 Mc if of the receiver) a 
second output pulse is generated. If the time 
interval between these two pulses is incorrect, 
a control signal is generated in a discriminator 
circuit, and fed to a reactance tube which forces 
the quartz-crystal circuit to oscillate at the 
correct frequency. See also Radio-Electronics, 
vol. 20, pp. 74-76; March, 1949; and 1712 of 
July (Huston and Lyons). 

621.317.2:621.397.6  1984 
TV Distribution System for Laboratory 

Use —J. Fisher. (Communications, vol. 29, pp. 
8-9, 43; February, 1949.) Description of a 
centralized system for producing the standard 
RMA composite video signal and distributing 
it to a number of laboratories with minimum 
distortion. Sources of signal include (a) local 
television broadcasting stations, (b) monoscope 
signal, and (c) picture signal from a crt flying-
spot scanner. 

621.317.3+621.317.71:061.3  1985 
Papers Digested for Conference on High-

Frequency Measurements -( Elec. Eng., vol. 
68, pp. 251-257; March, 1949.) Authors'sum-
maries of most of the papers read at the con-
f•-rence. 

621.317.3:621.395.44  1986 
Maintenance Measurements on Carrier 

Telephony Equipment —J. de Jong. (Philips 
Tech. Rev., vol. 8, pp. 249-256; August, 1946.) 
Discussion of apparatus used and operational 
requirements. 

621.317.324 t :621.318.4  1987 
Coils as H.F. Measurement Probes for Ab-

solute Field-Strength Determinations —E. Ro-
, eschen. (Funk und Ton, vol. 3, pp. 167-172; IMarch, 1949.) Measurements with 5 different 
types of coil indicate that a small single-layer 
cylindrical coil is particularly suitable for such 

I, absolute measurements, since its effective area 
can be determined accurately from its mean 
geometrical diameter. 

621.317.329 : 538.122  1988 
[Electrolyte] Tank Model for Magnetic 

Problems of Axial Symmetry —R. E. Peierls 
and T. H. R. Skyrme. (Phil. Meg., vol. 40, 
pp. 269-273; March, 1949.) Magnetic problems 
often involve vortices and cannot, therefore, 
be directly represented in the electrolyte tank. 
For 2-dimensional problems, the conjugate 
field can be studied; this technique is here 
applied to systems which are very nearly plane 
and have axial symmetry. 

621.317.335.3 t +621.317.374  1989 
An Optical Method for Measuring the Di-

electric Constant and Dielectric Losses of Solid 
Dielectrics in the Centimetre Wavelength 
Range—L. L. Odynets. (Z/s. Tekh. Piz., vol. 
19, pp. 120-125; January, 1949. In Russian.) 
Theoretical discussion of a method based on 
measurements of the transparency of a slab of 
the dielectric, with a description of the appara-
tus (Fig. 1) used for measuring the trans-
parency of glass and ebonite for X m 5.5 cm. 
The method would be even more suitable for 
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shorter wavelengths since the required over-all 
dimensions of the measuring apparatus would 
be smaller; liquid dielectrics could also be used. 

621.317.34:621.315.1/.2  1990 
No-Load and Short-Circait Measurements 

for Determining the Transmission Charac-
teristics of Open Lines and Cables---0. Nau-
mann. (Arch. Tech. (Messen), pp. T22-T23; 
March, 1949.) The approximate methods used 
for calculating the low-frequency transmission 
characteristics of cables from no-load and short-
circuit measurements of voltage, current, and 
power are not applicable at high frequency. 
More accurate methods given by Kaden (1063 
of 1937), by Sommer for very low frequencies 
(4070 of 1939), and by Goldschmidt for high-
frequency (1724 of 1943) are discussed. 

621.317.353 : 621.396.619.13  1991 
The Determination of the Distortion in a 

Frequency-Modulator--F. L. H. M. Stumpers 
and W. W. Boelens. (Communication News, 
vol. 9, pp. 107-109; August, 1948.) As the 
modulation voltage is increased, the amplitudes 
of the components of the output frequency 
spectrum vary and pass through the value 
zero. The zero points can be used for measuring 
frequency deviation. The displacement of the 
zeros, caused by nonlinearity of the modulation 
characteristic, can be used for the measurement 
of odd harmonics. A shift in frequency of the 
output spectrum as a whole can be used to 
measure even harmonics. 

621.317.372  1992 
Improved Accuracy with a "Q"-Meter by 

the Use of Auxiliary Components —A. C. 
Lynch. (Electronic Eng. (London), vol. 21, pp. 
91-93; March, 1949.) Accuracy can be con-
siderably increased by using a mirror galvanom-
eter in parallel with the meter giving Q 
values,  a second  galvanometer,  suitably 
shunted, in series with the meter measuring 
the resonant-circuit response and a variable 
capacitor with a fine scale of high calibration 
accuracy in parallel with the fitted tuning 
capacitor. The principle used is that of the 
reactance-variation method described by Hart-
shorn and Ward (351 of 1937), but here the 
input voltage is varied in known ratios, and 
the voltage in the circuit is brought to a fixed 
value by detuning. A circuit diagram is given. 
A Q-meter using this principle is described; 
accuracy is discussed, and possible methods 
of further improvement are suggested. 

621.317.39.029.6:536.33  1993 
Conditions for Maximum Sensitivity of 

U.H.F. Radiometers —J. L. Steinberg. (Onde 
Alec., vol. 29, pp. 160-166; April, 1949.) Dis-
cussion of apparatus of the type described by 
Dicke (475 of 1947). With optimum noise factor 
and input circuit, and a certain amount of 
negative feedback, it is possible to measure the 
apparent temperature of a receiving antenna 
to within about 0.3°C. Apparatus designed for 
investigation of  1,200- Mc radiation,  con-
structed at the physical laboratory of the tcole 
Normale Sup6rieure, uses a dipole-fed para-
bolic reflector 3 meters in diameter mounted 
on an equatorial support. The superheterodyne 
receiver has a bandwidth of 20 Mc and a noise 
factor of 3.5. Further details of this equipment 
will be published later. 

621.317.4.029.62:538.221  1994 
Ferromagnetism at Very High Frequencies; 

Part 2 Method of Measurement and Proc-
esses of Magnetization -M.11. Johnson and G. 
T. Rado. (Phys. Rev., vol. 75, pp. 841-864; 
March 1, 1949.) Part 1: 3182 of 1947 (Johnson, 
Ratio, and Maloof.) 

621.317.7.029.63/.64(083.74)  1995 
Microwave  Measurement  Standards — 

(Jour. Frank. Inst., vol. 247, pp  156-161; 

February, 1949.) Discussion of standards and 
calibration services available or methods being 
developed at the National Bureau of Standards 
for frequencies from 300 Mc to over 100,000 
Mc. These include: (a) a frequency standard 
for 300 to 40,000 Mc accurate within 1 part in 
108, (b) methods and equipment for dielectric 
measurements at frequencies near 1,000, 3,000, 
9,000, and 24,000 Mc, (c) a primary standard 
of attenuation consisting of a waveguide oper-
ating at a frequency below cutoff, which can 
be used for any microwave frequency by 
means of a development of the if substitution 
method, (d) a microwave power-measuring 
console nearly completed, (e) investigation of 
the accuracy of bolometers and thermal noise 
sources as power standards, (f) development 
of primary and secondary frequency standards 
using spectrum lines of gases, (g) a prototype 
atomic clock (see also 1983 above), and (h) 
measurement of spectrum lines as secondary 
frequency standards. 

621.317.71/.72  1996 
An Instrument for the Measurement and 

Time Integration of Small Voltages and Cur-
rents —I. A. D. Lewis and A. C. Clark. (Jour. 
Sci. /nstr., vol. 26, pp. 80-84; March, 1949.) 
Description with full component details. Po-
tentials varying between 0 and 0.5 volt and 
their time integrals can be measured within 
3 per cent. Currents can be measured with 
similar accuracy; full-scale deflection on the 
lowest range is 0.01 µamp. 

621.317.71:621.385  1997 
Reduction of Noise in Thermionic Electrom-

eters with Mechanical Conversion—H. den 
Hartog and F. A. Muller. (Physica,'s Gras., 
vol. 11, pp. 161-166; March, 1944. In Dutch, 
with English summary.) Continuation of 858 
of 1945. 

621.317.715.004.64:538.22  1998 
Non-Ferrous Copper Wire for Moving-

Coil Meters —P. G. Moerel and A. Rade-
makers. (Philips Tech. Rev., vol. 8, pp. 315-
319; October, 1946.) Effects due to Fe im-
purity in the Cu wire of the coils is discussed 
and methods of producing wire with extremely 
low Fe content are described. 

621.317.738  1999 
A Note on the Measurement of Four-

Terminal Inductances by Astbury's Method — 
L. H. Ford. (Jour. Sci. Instr., vol. 26, pp. 108-
109; March, 1949.) Astbury's method (noted 
in 1932 Abstracts, p. 48) is unsuitable in its 
original form for frequencies above af, but if the 
fixed resistance ratio arms of the bridge are 
replaced by a Kelvin-Varley potential divider 
of known phase defect, the method can be 
used for frequencies up to 100 kc. Experimental 
results on a 10-µh coil show good agreement at 
all frequencies from 1 to 100 kc with values 
obtained by other methods. 

621.317.755  2000 
A 3-Beam Micro-Oscillograph for Display 

of Oscillations up to 10,000 Mc/s —v. Fe. 
(Frequenz, vol. 3, pp. 19-22; January, 1949.) 
A short description of Lee's instrument (1692 
of 1946) with a tabular comparison with the 
Rogowski, Siemens, and A.E.G. oscillograpire. 

621.317.761  2001 
Heterodyne Frequency Meter for High 

Frequencies —L. Liot. (Radio Franc., pp. 14 
17; April, 1949.) Description, with circuit 
details, of an instrument for the rapid measure-
ment of frequencies from 5 to 1,000 Mc. The 
local oscillator, winch is of the Lecher- line 
type and uses a Type 955 triode, has a fre-
quency range of 69 to 220 Mc; within this 
range unknown frequencies are measured by a 
direct zero-beat method, while harmonic meth-
ods are used outside the range. 
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621.317.772.029.54/.58:621.396.645.37  2002 
A Phase Meter for the Frequency Band 100 

kc/w-20 Mc/a — W. T. Duerdoth. (P.O. Elec. 
Eng. Jour., vol. 42, part 1, pp. 43-46; April, 
1949.) Intended primarily for measuring the 
phase change round the feedback loops of 
amplifiers. An accuracy within ± 30 is possible 
provided that the loop gain or loss does not 
exceed 40 db. The magnitudes of the voltages 
whose phases are to be compared are made 
equal by means of two special variable-gain 
amplifiers which cause the same phase change 
in received signals whatever their respective 
gains. The design of these amplifiers and of the 
necestraty frequency changer is discussed and 
circuit diagranms are given. 

621.317.784  2003 
Pulse Power Measurement by a Hetero-

dyne Method—I... S. Schwartz. (Communica-
tions, vol. 29, pp. 26-27; February, 1949.) 
I'ulse width and repetition rate need not be 
known. The rf pulse and cw oscillations of 
nearly the same frequency are applied to the 
square-law detector of a synchroscope re-
ceiver. The cw is adjusted so that the peak 
value of the variable component of the de-
tection voltage equals the amplitude of the 
envelope of the rf pulse. The rf pulse power 
is then 6 db above the cw power at the point 
of entrance into the detector. Sources of error 
are discussed; accuracy is within a few per 
cent. 

621.317.79:551.510.535  2004 
Sweep Frequency Ionosphere Equipment--

P. G. Sulzer. (Jour. App!. Phys., vol. 20, pp. 
187-196; February,  1949.) The equipment 
records ionosphere virtual height as a function 
of frequency over the range 1 to 25 Mc. Special 
features of the device are high power output, 
good receiver sensitivity, and anti-jamming 
circuits. Detailed circuit diagrams are included. 
See also 2240 of 1948 (Thomas and Chalmers). 

621.317.791  2005 
A Self-Checking Wobbulator—J. H. Vogel-

man. (Communications, vol. 29, pp. 28-31; 
February, 1949.) A portable test set for fre-
quencies between 5 and 100 Mc, comprising a 
FM signal generator, frequency meter, and 
cro which can be used to measure the gain, fre-
quency, bandwidth, and tuning characteristics 
of wide-band if and rf amplifiers and receivers. 

621.317.35+621.396.615.17/.18  2006 
Waveforms [Book Revievd —B. Chance, V. 

litighes, E. F. MacNichol, D. Sayre, and F. C. 
Williams (Eds). McGraw-Hill, London, 785 
pp., .0. (Wireless Eng., vol. 26, p. 139; April, 
1949.) Vol. 19 of the MIT Radiation Labora-
tory series. The book is more descriptive than 
analytic and deals mainly with nonlinear cir-
cuits. The action of electronic switches, fre-
quency multipliers and dividers, and counting 
circuits is discussed. 

621.317.35+ 621.396.619+ 621.396.822  2007 
Frequency Analysis, Modulation and Noise 

[Book Review) —S. Goldman. McGraw-Hill, 
London, 1948, 434 pp., 36s. (Electronic Eng. 
(London), vol. 21, p. 152; April, 1949; PROC. 
IR E., vol. 37, p. 541; May, 1949.) 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

535.61-15:621.383  2008 
Direct Recording of Spectra in the Region 

1.2 p to 3 Az using the Lead Sulfide Photo-Con-
ductive Cell —R. C. Nelson. (Jour. opt. Soc. 
Amer., vol. 39, pp. 68-71; January, 1949.) See 
also 3330 of 1947 (Cashman). 

621.317.39  2009 
Electronic Gauges—J. Schwartz. (Micro-

tecnic (Lausanne), vol. 3, pp. 10-18; January 
and February, 1949. In English.) Conclusion 
of 1736 of July. 

621.305.5+621.365.92  2010 
High-Frequency Heating  S. W. Scherer. 

(COM MO n ication  Neu', vol. 9, pp. 45 55; 
December, 1947.) Discussion of both induction 
and dielectric heating, and of their applica-
tions. Several examples are given of apparatus 
designed for part icular applicat ions. 

621.38.001.8  2011 
The  Electronic  Brain --W.  R.  Ashby. 

(Radio- Elearonic,, vol. 20, pp. 77-80; March, 
1949.) Reprint of 1144 of May. 

621.38.001.8  2012 
Electronics in the Service of Industry — 

(Radio Tech. Dig. (Franc.), vol. 3, pp. 105-111; 
April, 1949. Bibliography, pp. 111-113.) Brief 
general discussion, with some details of photo-
electric counters and opacity meters. 

621.38.001.8:061.3  2013 
Papers Digested for Conference on Elec-

tronic Instrumentation - (Elec. Eng., vol. 68, 
pp. 246-251; March, 1949,) Authors' summaries 
of most of the papers read at the conference. 

621.384.611.1 t  2014 
A 20-MeV Betatron  W. Bosley, J. D. 

Craggs, D. II. McEwan, and J. F. Smee. 
(Proc. IEE, part I, vol. 96, pp. 85-86; March, 
1949.) Discussion on 179 of February. 

621.384.611.1 t  2015 
A New Type of 19-MeVi Betatron without 

an Iron Yoke--A. Bierman. ( Nature (London), 
vol. 163, pp. 649-650; April 23, 1949.) Two coils 
are used in series, %sit!' a sealed-off glass ac-
celeration tube between them. The dimensions 
are chosen so that the magnetic field at a point 
distant r frdm the center is proportional to 
r-", where 0<n < I. The flux required within 
the electron orbit is obtained by means of a 
small iron core along the axis. The current 
through the coils is obtained by periodical dis-
charges of a 6.5 -µµf capacitor across a spark 
gap; these discharges occur every few seconds 
and initiate damped 2.5-kc oscillations, with a 
peak current of about 5,000 amperes. The 
whole betatron only weighs about 50 kg and 
the simple construction makes the cost low. 

621.384.612.1 t  2016 
Design of the Radiofrequency System for 

the 184-Inch Cyclotron  K. It. MacKenzie, 
F. H. Schmidt, J. R. Woodyard, and L. F. 
Wouters. (Rev. Sri. Instr., vol. 20, pp. 126-133; 
February, 1949.) Sec. also 1712 of 1948. 

621.384.612.1f :621.396.615  2017 
Pulsed Oscillator for F.M. Cyclotron -J. 

W. Burkig, E. L. Hubbard and K. R. Mac-
Kenzie. (Rev. Sci. Instr., vol. 20, p. 135; Febru-
ary, 1949.) 

621.384.621.1 -f  2018 
The High-Voltage Electrostatic Generator 

at the Atomic Energy Research Establishment 
—R. L. Fortescue and P. D. Hall. (Proc. I EE, 
part I, vol. 96, pp. 77-85; March, 1949.) A 
5-Mv generator of the pressurized Van de 
Graaf type. 

621.385.833  2019 
Aberration Correction with Electron Mir-

rors —E. G. Ramberg. (Jour. App. l'hys., vol. 
20, pp. 183-186; February, 1949.) Formulas 
for spherical and chromatic aberration are 
applied to a concave electron mirror with con-
centrated field distribution. The aberration 
coefficients of such mitrors are so large that 
this method of correction has serious practical 
difficulties. 

621.396.615.17 : 615.849  2020 
Electromedical Stimulators ---0. B. Sneath 

and E. G. Mayer. (Wireless World, vol. 55, 
PP. 129-132; April, 1949.) Pulses are required 
of lengths between 1 second and 10 µseconds, 
with repetition rates between 1 and 50 per 
second and maximum output voltage of the 

order of 100 volts at 11X/ maim). Circuits for 
producing such pulses are discussed. 

621.398  2021 
Radio Control of Mobile Miniatures  F. 

L. Safford, Jt. (CQ., vol. 5, pp. 18-21, 71; 
April, 1949.) A system for starting, stopping, 
and steering model boats or cars. 

!August 
PROPAGATION OF WAVES 

538.566  2022 
Unification of the Formulae Representing 

the Principle of Huyghens for Electromagnetic 
Waves -F. Croze and G. Darmois. (Comp:. 
Rend. Acad. Sci. (Paris), vol. 228, pp 824 
82(,; March 7, 1949.) Three conditions must be 
satisfied if a tly Melli  of formulas is to be a 
physically and mat hernatically correct ex-
pression of I luygliens' principle. The formulas 
Proposed successively by Love, Macdonald, 
Larmor, Bromwich, Schelkunoff, L. (le Broglie, 
Novobatzky (for a finite surface), and Franz 
all satisfy these three conditions; in conse-
quence, they can all be referred to a common 
form, which is here given. The condition that 
the secondary waves from the various elements 
of time surface considered must be pure electro-
magnetic waves is not satisfied by the formulas 
of Kirchhoff, nor by those proposed successively 
by  Ignatowsky,  Tonolo,  Tedone,  Kottler, 
Stratton, and Chu and (for a closed surface) 
Novoixitzky. This is shown by considering the 
case where the surface in question is a wave 
surface, either plane or of large radius. See 
also 1462 and 1463 of June. 

538.566.2  2023 
On the Propagation of Waves in an In-

homogeneous Medium —O. E. II. Rydbeck. 
(( halmers Tekn. IIOgsk. hand!., no. 74, 35 pp. 
1948. In English.) A mathematical theory of 
propagation in an inhomogeneous or stratified 
medium is developed to detet mine the limiting 
conditions in which more approximate theories 
are applicable. For a slightly inhornogeneous 
medium, first- and imigher-order approximations 
to the wave equations are obtained and their 
usefulness is estimated by application to special 
cases for which exact independent solutions 
exist. Large variations in refractive index are 
then considered. The 'milts are compared 
with those of other methods. The theory is 
applied to the propagation of magneto-hydro-
dynamic waves in the sun and to the duct 
propagation of radio waves in time lower 
t roposp here . 

621.396.11  2024 
The Effect of Pulsations of the Retractive 

Index of the Atmosphere on the Propagation 
of Ultra-Short Waves  V. A. Krasifnikov. 
(Bull. Acad. Sri. U.  sir.Giogr.Gtophy5., 
vol. 13, no. 1, pp. 33-57; 1949. In Russian.) 
The usual interpretation of fading as a result 
of interference between the direct and indirect 
rays cannot be strictly correct, especially when 
transmission extends beyond the horizon. It is 
suggested that pulsations of the refractive in-
dex of the atmosphere due to temperature 
fluctuations may have an important bearing 
on fading. It is shown mathematically that 
when the scale of pulsations is smaller than time 
wavelength, the waves are dispersed and when 
it is greater than the wavelength, path varia-
tions occur which lead to variations in inten-
sity at the receiving point. Using time methods 
of geometrical optics and taking into account 
the results obtained by A. M. Obukhov (1928 
above) formulas are derived for determining 
fluctuations of the amplitude and phase at time 
point of reception. Experimental results avail-
able in the literature are discussed in detail 
and are in general agreement with the proposed 
theory. It is concluded that: (a) when trans-
mission is within the horizon, usw fading can 
be explained by the temperature fluctuations 
of time atmosphere; (b) fading when tr.,11-.111.-
sion is somewhat beyond the horizon is iiiamnI 
caused by the interference between the two 
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components but it is also necessary to take into 
account the effect of the temperature fluctua-
tions on both components; (c) at very great 
distances, when reception is carried out only 
on the indirect ray, the temperature-fluctuation 
effect again becomes predominant. 
• 

621.396.11:551.5  2025 
An Extension of Macfarlane's Method of 

Deducing Refractive Index trom Radio Obser-
vations —A. W. Straiton. (Jour. Appl. Phys., 
vol. 20, p. 228; February, 1949.) Comment on 
2894 of 1947. The second set of height-gain 
measurements there suggested can be replaced 
by a set of height versus phase measurements; 
a suitable method of measuring phase was dis-
cussed in 3225 of 1948 (Straiton and Ger-
hardt). 

621.396.11:551.510.535  2026 
Absorption of Radio Waves Reflected at 

Vertical Incidence as a Function of the Sun's 
Zenith Angle —E. W. Taylor. (Jour. Res. 
Nat. Bur. Stand., vol. 41, pp. 575-579; Decem-
ber, 1948.) Analysis of Central Radio Propaga-
tion Laboratory records, extending over 3 
years, indicates that absorption depends ap-
proximately linearly on the cosine of the sun's 
zenith angle. 

621.396.11:551.510.535  2027 
A Note on the Ionospheric Absorption 

Problem —L. G. McCtacken. (Jour. Appl. 
Phys., vol. 20, pp. 229-230; February, 1949.) 
The formula for the total nondeviating E-layer 
absorption derived by Best and Ratcliffe 
(1748 of 1938) is here obtained without using 
certain of their approximations.  Appleton 
(395 of 1938) obtained a similar formula. 

621.396.11:551.510.535  -  2028 
The Ionosphere over  Mid-Germany in 

February 1949 -Dieminger. (See 1934.) 

621.396.11:551.510.535  2029 
Changes in Radio Reception during Sun-

spot Period '45-47 —H. T. Stetson. (Tele-Tech, 
vol. 7, pp. 29, 73; December, 1948.) Summary 
of Amer. Astr. Soc. paper. Variations of F2 
critical frequencies and of field intensities at 
5 and 10 Mc with variations of sunspot ac-
tivity are recorded for the recent rise period. 
Diurnal field-intensity changes to be expected 
during the decline period are discussed. 

621.396.11:551.510.535:523.3  2030 
Moon Echoes and Penetration of the 

Ionosphere —F. J. Kerr, C. A. Shain, and C. S. 
Higgins. ( Nature (London), vol. 163, pp. 310-
313; February 26, 1949.) The possibility of 
using reflections from the moon to extend the 
study of the ionosphere is investigated. Stations 
VLC9 and VLB5 operating at frequencies near 
20 Mc were used. The equipment and the ex-
perimental procedure are described. Echoes 
were obtained in 13 out of 15 trials. Wide 
variations in the amplitude of echoes were re-
corded; on no occasion did the amplitude ex-
ceed the theoretical value. Fading periods of 
1 second or less were observed, similar to those 
experienced with ionospheric reflections. Echo 
frequencies were about 50 cps higher than those 
of the transmitted signal, mainly because of 
the Doppler effect of the earth's rotation. As 
the moon rose, echoes could not be obtained 
as soon as could be expected from calculations 
based on vertical-incidence ionospheric sound-
ings. 
Analysis of 20-Mc solar noise also shows 

Ionospheric effects, with the significant dif-
ference that solar noise energy is received at 
unexpectedly low elevations of the sun. 

21.396.812.029.62  2031 
On Normal and Abnormal Refraction of 

Ultra-Short Waves in the Atmosphere  II. H. 
Klinger. (Z. Met., vol. 2, p. 86; March, 1948.) 
Field-strength records of usw transmissions 
(X  1.3 meters) over a 63-km path, about 40 
per cent beyond the optical range, are discussed 

briefly. The considerable increases of field 
strength occasionally observed are accompanied 
by relatively little fluctuation and can be at-
tributed to certain local characteristics of the 
lower atmosphere. 

621.396.812.029.64  2032 
Effect of the Atmosphere on Microwaves — 

H. H. Klinger. (Z. Mel., vol. 2, pp. 314-316; 
October, 1948.) Measurements of received sig-
nal strength for X=1.36 cm showed strong 
absorption due to rain or even a slightly damp 
atmosphere, whereas 3.6-cm waves under the 
same conditions were not appreciably affected. 
Further investigations with wavelengths of 1 
to 10 mm are proposed. 

621.396.812.029.64  2033 
Low-Level  Atmospheric  Ducts —R.  F. 

Jones, J. S. McPetrie and B. Starnecki. 
(Nature (London), vol. 163, p. 639; April 23, 
1949.) Comment on 1167 of May. Jones ex-
plains the presence of the ducts observed both 
in cold and warm weather in terms of the 
previous history of the air at heights between 
200 and 2,000 feet. McPetrie and Starnecki 
consider that although Jones' hypothesis is 
satisfactory for periods of high wind-velocity, 
low air temperature rather than high wind-
velocity is the main cause of the cold-weather 
ducts. 

621.396.812.029.64  2034 
Oversea Propagation on Wavelengths of 

3 and 9 centimeters —J. S. McPetrie, B. 
Starnecki, H. Jarkowski, and L. Sicinski. 
(Paoc. I.R.E., vol. 37, pp. 243-257; March, 
1949.) For other accounts of results obtained 
at the same sites see 518 of 1947 (Megaw) 
and 2329 of 1948 (McPetrie and Starnecki). 

621.396.812.3  2035 
A Peculiar Type of Rapid Fading in Radio 

Reception—N. S. Subba Rao and Y. V. Soma-
yajulu. (Nature (London), vol. 163, p. 442; 
March 19, 1949.) Discussion of the "flutter 
phenomenon," a variation in intensity ob-
served at Waltair, India, when receiving broad-
cast transmissions on wavelengths of 41 and 
60 meters. The effect is observed occasionally 
on a wavelength of 19 meters but is completely 
absent at medium frequency. The flutter oc-
curs only during the hot season (February to 
June) and begins about sunset; the fluctuation 
frequency is very low (0.3 to 0.5 cps) before 
sunset, and increases to 2 to 2.4 cps early in the 
night, thereafter remaining constant for long 
periods. The ionosphere must be the cause of 
this phenomenon, which may be due to the 
rapid movement of ionic clouds across the F 
layer. See 3279 of 1946 (Wells, Watts, and 
George). 

621.396.812.3:551.510.535  2036 
Short-Range Fading of Broadcasting Trans-

missions —W. Gerber and A. WerthmUller. 
(Tech. Mitt. Schweiz. Telegr. Teleph. Verw., 
vol. 25, pp. 1-12; February I, 1947. In German.) 
The reflecting properties of the ionosphere in 
the medium-wave band are discussed. The fine 
structure of the fading diagram is attributed to 
interference effects, while the main features are 
principally determined by absorption and are 
related both to the sunspot period and to the 
season, with maximum fading effects in spring 
and autumn and minimum occurrence in sum-
mer and winter. The solar effects are super-
posed on the seasonal effects and are greatest at 
sunspot minimum and least at sunspot maxi-
mum. Curves are given showing the average 
fading effects for the BeromUnster transmitter 
as observed at St. Gallen, at different times 
(luring the evening, from April, 1936, to No-
vember, 1946. The curves all show maxima 
about 1944, with subsidiary peaks about 1941 
and minima near 1938. 

621.396.812.3.029.54  2037 
Space-Wave Absorption and Large-Scale 

Weather Conditions G. Falcketiberg and E. 

Lauter. (Z. Met., vol. 2, pp. 259-265; September, 
1948.  Transmissions from  Kalundborg on 
X =1,250 meters were observed at WarnemUnde 
180 km distant. In the daytime, the transmis-
sions were almost completely absorbed by the 
ions in the lower part of the ionosphere, but at 
night the absorption showed wide variations 
related to projections into the ionosphere of 
equatorial or polar air masses. A connection be-
tween the absorption and air-pressure varia-
tions at a height of 9 km was also established. 

RECEPTION 

621.396.619.13 : 621.392  2038 
Distortion of Frequency-Modulated Signals 

in Electrical Networks—F. L. H. M. Stumpers. 
(Communication  News, vol. 9, pp. 82-92; 
April, 1948.) Long summary of part of the 
thesis noted in 2221 of 1947. See also 1886 of 
1948. 

621.396.621+621.396.611:551.510.535  2039 
Ionosphere  Sounding  [equipment[ — 

Maguer. (See 2069.) 

621.396.621:621.392.52:621.396.5  2040 
Application of Crystal Filters in [telegraphy] 

Receivers —Maarleveld. (See 1892.) 

621.396.621:621.396.5  2041 
A Modern Receiver for Radiotelegraphy — 

C. T. F. van der Wyck. (T:jdschr. ned. Radio-
genoot., vol. 14, pp. 27-39; March, 1949. Dis-
cussion, p. 40. In Dutch, with English sum-
mary.) Description, with block diagram, of the 
receiver, and discussion of (a) considerations 
leading to its design, (b) automatic tuning con-
trol, and (c) conditions for a stable circuit. See 
also 3510 of 1948 and 1892 above. 

621.396.81 621.396.9  2042 
Signal/Noise Ratio in Radar—S. de Wal-

den. (Wireless Eng., vol. 26, pp. 140-141; 
April, 1949. Comment on 2899 of 1948 (Levy). 

621.396.826:621.396.933.2:621.396.619.16 
2043 

Elimination of Reflected Signal Effects in 
Pulsed Systems —Collup. (See 1945.) 

621.396.822+621.317.35+621.396.619  2044 
Frequency Analysis, Modulation and Noise 

[Book Revievd —Goldman. (See 2007.) 

STATIONS AND COM MUNICATION 
SYSTEMS 

621.39.001.11  2045 
Evaluation of Transmission Efficiency Ac-

cording to Hartley's Expression of Information 
Content —A. G. Clavier. (Elec. Commun., vol. 
25, pp 414-420; December, 1948.) Transmis-
sion efficiency, defined by extending Hartley's 
expression for telegraphic signals to telephony 
in presence of noise, is calculated for the main 
pulse-transmission systems. The resulting ex-
pressions enable the various systems to be com-
pared, although simplicity and cost of equip-
ment will also be important factors for deciding 
their relative merits. See also 515 of March 
(Landon) and 1361 of June (Shannon). 

621.395.43/.44  2046 
Study ot the General Characteristics of the 

L. T. T. 12-Channel Carrier-Current Systems 
for Overhead Lines —H. Pech. (Cdbles and 
Trans. (Paris), vol. 3, pp. 177-193; April, 
1949.) General problems in connection with 
such systems are discussed, including (a) at-
tenuation within the prescribed transmission 
band, (b) characteristic impedance of actual 
lines, (c) crosstalk, and (d) noise. A description 
is given of equipment constructed for the 
French  Post Office. The frequency band 
covered is 30 to 150 kc. Details are included of 
the modulation and demodulation processes, 
terminal equipment, filters, equalizers and 
carrier-frequency generators. Test results on 
prototype equipment will be published later. 
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621.396.1:621.397.5  2047 
Allocation of Frequencies for the Television 

Service  F. C. Mel,. (BBC Quart., vol. 4, pp. 
54- 56; April, 1949.) The frequency band at 
present allocated is 41 to 66.5 Mc; it is hoped 
that the upper limit will shortly be raised to 
68 Mc. For all new stations, asymmetric-
sideband transmission will be used to enable 5 
exclusive channels to be obtained in the full 
band,  but  transmissions  from  Alexandra 
Palace will remain unchanged. 

621.396.619.13/.14:534.78  2048 
Ratio of Frequency Swing to Phase Swing 

In Phase- and Frequency-Modulation Systems 
Transmitting Speech -1). K. Gannett and W. 
R. Young. (P8oc. IR E., vol. 37, pp. 258-263; 
March, 1949.)Theoret kcal and experimental 
results are discussed. The ratio was found to 
vary with different voices, with the microphone 
and circuit characteristics, and with the kind of 
volume regulation used. 

621.396.65.029.63  2049 
Choice of Suitable Heights (of stations], 

Distance  and  Wavelengths  in  Planning 
Decimetre- Wave Links —A. Gran. (Fernmelde-
tech. 2., vol. 2, pp. 69-72; March, 1949.) In the 
case of decimeter-wave systems, fading is due 
chiefly to interference between the direct ray 
and that reflected from an intermediate point of 
the earth's surface. Calculations show that in 
order to obtain as great a received field 
strength as possible, with little fading, the 
wavelength for a given distance between sta-
tions should not be too small and optimum 
heights should be chosen for the antennas. 
Formulas are given from which the optimum 
heights can be calculated, with curves for 
ranges of 50 and 60 km respectively and wave-
lengths frdna 10 to 100 cm. 

621.396.712.2  2050 
W MG M Master Control Equipment De-

sign —M. E. Gunn. (Audio Eng., vol. 33, pp. 
24-28, 40; March, 1949.) Details, including 
block diagram, of a high-power broadcast sta-
tion installation. 

621.396.9:523.3  2051 
Detection of Radio Signals Reflected from 

the Moon —DeWitt and Stodola. (See 1937.) 

621.396.619+621.317.35+621.396.822  2052 
Frequency Analysis, Modulation and Noise 

(Book Reviewl —Goldman. (Sec 2007.) 

SUBSIDIARY APPARATUS 

621.316.722.077.65:621.396.68  2053 
Commutation in Rectifiers Using Relay 

Tubes: Parts 1 and 2—T Dotima. (,Communi 
cation News, vol. 9, pp. 70-81 and 110-120; 
April and August, 1948.) A detailed discussion 
of the behavior of the well-known 3-phase 
Graetz circuit, taking account of the effect of 
leakage inductance and self-capacitance in the 
power transformer. Means of protecting this 
transformer from steep-fronted voltage surges 
are also indicated. The control characteristic of 
grid-controlled rectifiers is discussed in an ap-
pendix. 

621.316.726  2054 
Frequency Correction Equipment for Rail-

way Signalling Supplies—(Engineer (London), 
vol. 187, pp. 184-186; February 18, 1949.) A 10-
kva induction motor has a 440-volt three-phase 
stator and a single-phase rotor, the speed of 
which is controlled by a frequency-selective 
relay so that the rotor output frequency is be-
tween 49.7 and 50.3 cps even though the fre-
quency of the stator input varies from 47.5 to 
51.4 cps. An electronic frequency corrector is 
also described which rectifies the variable. 
frequency supply and reconverts the dc into 
ac at the required frequency by means of in-
verting tubes and a timing unit. Both kinds of 
equipment are operated by remote automatic 

control. See also Engineering (London), vol. 
167, pp. 331-332; April /4, 1949. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.26  2055 
Ultrafax —D. S. Bond and V. J. Duke. 

(RCA Rev., vol. 10, pp. 99 115; March, 1949.) 
See also 1203 of May. 

621.397.5  2056 
Polycast System for TV on U.H.F. -R. NI. 

Wilmotte and P. A. Demars. (F M-TV, vol. 8, 
pp. 26-28, 46; December, 1948.) For thi• 
United States uhf television band, the power 
required to obtain satisfactory coverage at all 
points within say 30 miles of a single trans-
mitter is prohibitive. "Polycasting" is a sug-
gested alternative, using ten to fifteen 200-watt 
transmitters within the area, each covering an 
area of 10 miles radius. 

621.397.5 : 535.88 : 791  2057 
Theater Television ---(Jour. Soc. Mot. Pic. 

Eng., vol. 52, pp. 243-267; March, 1949. 
Bibliography, pp. 268-272.) Report, in lan-
guage as little technical as possible, of the 
Theater Television Committee of the Society 
of Motion Picture Engineers on the present 
state of the art. 

621.397.5:621.3.09  2058 
Attenuation and Phase Distortion and Their 

Effect  on  Television  Signals  Fuchs  and 
Baranov.(See 1871.) 

621.397.5:621.315.212  2059 
The London-Birmingham Television Cable: 

Part 2 -Cable Design, Construction and Test 
Results  Stianesby and NVeston. (See 1857.) 

621.397.5:621.396.1  2060 
Allocation of Frequencies for the Television 

Service—Mcl.. (See 2047.) 

621.397.6 : 621.385.832  2061 
The Graphechon —A Picture Storage Tube 

-L. Pensak. (RCA Rev., vol. 10, pp. 59-73; 
March, 1949.) 1949 IRE National Convention 
paper. Describes the combination, within one 
envelope, of a cathode-ray tube and an icono-
scope, enabling a picture written once on the 
common screen to be scanned continuously for 
1 to 2 minutes. The picture is recorded on the 
screen by use of the fact that the thin insulating 
layer on the iconoscope target becomes con-
ductive at the point of impact of a high-velocity 
electron beam. The picture is read by the con-
ventional iconoscope met ho I. The grapheclion 
was designed originally in c,ainection with the 
teleran navigation system. 

621.397.6:621.395.667  2062 
Phase and Amplitude Equalizer for Tele-

vision Use- Goodale and Kennedy (See 1893.) 

621.397.61:621.3.015.3  2063 
Standardization of the Transient Response 

of Television Transmitters  R. D. Kell and 
G. L. Fredendall. (RCA Rev, vol. 10, pp. 17-
34; March, 1949.) It is suggested that picture-
monitoring receivers for  vestigial-sideband 
television transmitters should now be stand-
ardized on the basis of response to a double-
sideband signal modulated by a square wave. 
Tolerances for vestigial-sideband transmitter 
performance could then be defined by the shape 
of the monitor receiver response velfen the 
transmitter is modulated by a square wave. 
Phase-correction networks for reducing the 
distortion introduced by the vestigial-sideband 
system and by the restricted bandwidth used 
are also discussed. 

621.397.61-182.3  2064 
The W MAL- TV Mobil TV Unit--F. W. 

Ilarvey and E. D. Hilburn. (Communications, 
vol. 29, pp. 8-11, 31; March, 1949.) An illus-
trated description. 

621.397.62  2065 
Experimental Television Receiver  (Teter. 

(Fra K.), no. 45, pp. 13 16, 21; March, 1949.) 
Circuit diagrams and complete details of a re-
ceiver using a snudi electrostatic cathode-ray 
tube with in screen only 7 cm in diameter, ;aid 
capable of receiving either the present 430-line 
or the proiposed 819 line (ransmission. 

621.397.62:621.396.662  2066 
Simplified TV Receiver Channel Switching 

Mechanism  .1  Hansen. (Tele-Tech, vol. 7, 
pp. 36 38, 72, I )ecember, 1948.) A min pact 12-
channel supil heterodyne tuner which uses a 
sliding carriage to carry the tuning elements. 
Thp sound if is about 21.75 Mc and the vision 
if 26.25 Mc. Performance is discussed. 

621.397.743(73)  2067 
Television in 1949 —Stations and Networks 

(in the U.S.A.1 - ( Tele-Tech, vol. 7, December, 
1948. Supplement.) Map and brief tabulated 
data of stations now existing or under con-
struction. 

621.397.823:629.135  2068 
Television Interference by Aircraft -A. IL 

Cooper. (Wireless World, vol. 55, pp. 142 -145; 
April, 1949.) The use of directive receiving 
antennas reduces the region within which an 
aircraft causes interference, but a greater all-
round reduction of interference is usually ob-
tained by raising the receiving antenna. Re-
moval of the de component from the received 
signal eliminates fluctuations in picture bright-
ness; t lii changes in contrast due to the inter-
ference are not then so noticeable. The design 
of a filter to attenuate frequencies between 1 
cps and 25 cps, to mitigate some disadvantages 
of removing the de component, is discussed. 

TRANS MISSION 

021.396.61 +621.396.6211: 551.510.535  2069 
Ionosphere  Sounding  lequipment1 

Maguer. (Radio Franc., pp. 7 12; April, 1949.) 
Description, with complete circuit diagrams, of 
(a) a transmitter giving 50-µsecond pulses with 
peak power of 1.6 kw and recurrence frequency 
of 50 per second, and (b) a wide-band super-
. heterodyne receiver with good sensitivity, in 
which a cro sweep circuit of simple design gives 
a height-scale accuracy approximating to that 
obtained with a crystal oscillator and its some-
what complex frequency-division circuits 

621.396.61:621.316.726  2070 
Frequency Control in Transmitters -II. 

R. Boosman and E. II. Ilugenholtz. (ont-
munication News, vol. 9, pp. 211.32; September, 
1947.) Discussion of various methods of ob-
taining high stability of frequency and ac-
curacy of tuning, including methods involving 
the principles of frequency-adjustment control 
and decnde tuning. A number of discriminator 
circuits and circuits suitable for synchroniza-
tion with a high harmonic of a control fre-
quency are also described. 

621.396.61:621.316.726  2071 
Telesynchronization with Standard Fre-

quency —L. Rohde and R. Leonliardt. (Fra-
inebktech. Z., vol. 2, pp. 85-90; March, 1949.) 
Detailed discussion of methods of phase and 
frequency synchronization,  with  particular 
reference to the control of common-wave 
broadcasting transmitters. Methods of deriving 
a control voltage from the phase or frequency 
difference between the standard and the local 
generator are described. The case where the 
ratio of the standard and local frequencies is 
that of two reasonably small integers is also 
considered. 

VACUUM TUBES AND THERMIONICS 

621.383  2072 
Lead Selenide Photoconductive Cells -C. 

J. Milner and B. N. Watts. (Nature (London), 



I. iol. 163, p. 322; February 26, 1949.) Cells pre-mred by an experimental chemical deposition 
nocess are found to have a broad sensitivity 
, naximum at 3 to 4 A. Appreciable sensitivity 
las so far only been exhibited at low tern-
vratures. 

521.383  2073 
Bismuth Sulphide Photocells —B. T. Kolo-

niets. (Zh. Tekh. Fis., vol. 19, pp. 126-131; 
January, 1949. In Russian.) The photo cells 
ire made with synthetic Bi2S3. Various ex-
wrimental characteristics are plotted. This 
.ype of cell is particularly suitable for auto-
wale control applications. 

521.383  2074 
Photoelectric Multipliers —S. Rodda. (Jour. 

Sci. Instr., vol. 26, pp. 65-70; March, 1949.) 
Discussion of fundamental principles, emissive 
materials, electrode shapes, current fluctua-
tions, dark current, fatigue phenomena, prac-
tical circuits, applications, etc. 

621.383:535.215  2075 
On the Interpretation of Observations on 

the Photoelectric Voltages with Intermittent 
Light—Goiter, Broer, and Snoek. (See 1916.) 

621.383:535.215  2076 
On Photoelectric Voltages in Light-Absorb-

ing Materials —Snock and Gorter. (See 1915.) 

621.383:621.396.645  2077 
The Development of a Photoelectric A.C. 

Amplifier with A.C. Galvanometer —Milatz and 
Bloembergen. (See 1908.) 

621.385  2078 
Standard Valves [Book.ReviewJ —Standard 

Telephones and Cables, 1947, 328 pp., 15s. 
( Nature (London), vol. 163, p. 387; March 12, 
1949.) Details and technical data of ordinary 
tubes, cathode-ray tubes, cold-cathode relays, 
v.m. tubes and disk-seal uhf triodes manufac-
tured by the above firm. Brimar tubes are not 
included. 

621.385  2079 
New  Miniature  American-Type  Valves 

Made in France —M. Leroux. (Radio Prof. 
. (Paris), vol. 18, pp. 6-9 and 18-20, 23; March 1 and April, 1949.) Full technical details, with 
operational characteristics and practical cir-
cuits. The tubes include pentodes 6AG5, 6AU5, 
' 6BA6, 6AK5, output tubes 6AQ5 and 6A K6, 
double-diode triode 6AT6, diode 6AL5, double 
triode 6J6, high-es triode 614, rectifier 6X4, and 
ac/dc tubes 12BE6,  12BA6,  I2AT6, and 
I 2AV6 which are identical with the correspond-
ing 6-volt tubes except that their heater cur-
rent is 0.15 ampere at 12.6 volts. 

621.385  2080 
A New Series of Small Radio Valves -G. 

Alma and F. Prakke. (Philips Tech. Rev., vol. 
, pp. 289-295; October, 1946.) Discussion of 
the "A" series or "Rimlock" tubes, 22 mm in 
diameter, for which overheating of the cathode 
is avoided by joining the glass or metal bulb 
to the flat glass base with a glaze or cement 
which becomes plastic at a comparatively low 
temperature. 

621.385  2081 
New Post-War German Valves —(Radio 

Tech. (Vienna), vol. 25, 13. 249; April, 1949.) 
Brief particulars of 15 tubes, including type of 
base and of body and, in some cases, heater 
voltage and current. Output data are included 
for 3 new developments: UEL71 and VEL11, 
2-watt tetrode/pentodes, and UL2, a 1.5-watt 
output pentode. 

621.385  2082 
Series of Modern Valves for F.M. Broad-

casting and for Television--J. Becquemont. 
(Onde Elec., vol. 29, pp. 145-151; April, 1949.) 
Discussion of methods of achieving small inter-
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electrode distances, high electron densities, 
high anode dissipation, low reaction capaci-
tance and output impedance, high gain and 
complete separation of input from output. The 
use of Dilver-P, an alloy comparable to kovar, 
together with a glass of the same expansion 
coefficient has made possible the construction 
of a series of tubes in which the various elec-
trodes are carried on concentric cylinders, 
which form the base connections. The operation 
of welding the Dilver-P cylinders to the inter-
mediate glass rings to form the tube base is 
carried out in a high-temperature furnace, 
using a graphite mandrel. This construction 
gives short connections to the electrodes. 
Illustrations are given of a 500-watt triode and 
a 2-kw tetrode with anode cooling fins. 

621.385  2083 
Theory and Applications of Trochotrons — 

H. Alfv6n; L. Lindberg; K. G. Malmfors; T. 
Wallmark; and E. Astr8m. fKungl. Tekn. 
H6gsk. Handl., (Stockholm), no. 22, 106 pp; 
1948. In English.) Includes 5 separate but co-
ordinated papers. The first, "On Trochoidal 
Electronic Beams and Their Use in Electronic 
Tubes (Trochotrons)," by Alfv6n, is an inte-
grating paper. The equations of motion of 
charged particles in a nearly homogeneous 
magnetic field perpendicular to a nearly homo-
geneous electric field are discussed, and the 
properties of the resulting trochoidal beams 
are considered in detail. The arrangement of a 
simple trochotron is described. The cathode is 
an electron gun, placed between an L-shaped 
anode and a straight "rail" electrode at nearly 
cathode potential. The electron beam travels 
between the "rail" and a number of "boxes." 
The anode forms one side of the last box, while 
the side of the first box remote from the 
cathode is connected to the rail. Electrodes 
forming sides of the boxes, at right angles to the 
rail, are called spades; those forming sides 
parallel to the rail are called plates. All spades 
and plates, and the anode, are normally at a 
potential of +200 volts relative to the cathode, 
except the spade connected to the rail. The 
beam may enter the first box and be collected 
by the first plate. The beam can be made to 
enter one of the other boxes by altering the 
voltage of the corresponding spade. For earlier 
work, see 3800 of 1945 and 1205 of 1948. 
The second paper, "Design and Properties 

of Trochotrons," by Wallmark, discusses the 
trochotron in greater detail, with illustrations 
of the way in which the beam behaves when 
some electrode voltages are changed by steps. 
Operating conditions, the size of the electrode 
system, electrode materials, etc., are con-
sidered. 
The third paper, "Design of Trochotron 

Circuits," by Lindberg, discusses the way in 
which external pulses may be used to operate 
each spade as a self-locking switch. Applica-
tions to counters, chronoscopes, and pulse-time 
modulation are also discussed. 
The fourth paper, "Experimental Investi-

gation on an Electron Gas in a Magnetic 
Field," by Astrdm, discusses experimental re-
sults concerning currents which flow to elec-
trodes whose potential is negative relative to 
the cathode. These "negative currents" are 
always accompanied by noise. They occur 
even if there is no alternating voltage on the 
electrodes. This phenomenon is related to cut-
off effects in magnetrons. 
The fifth paper, "On the Instability of an 

Electron Gas in a Magnetic Field," gives 
theory primarily proposed as an explanation 
of AstrOm's results, but it may also throw 
light on the origin of solar and cosmic noise. 

621.385  2084 
Valves with Resistive Loads--S. W. Amos. 

(Wireless Eng., vol. 26, pp. 119-123; April, 
1949.) Expressions are derived for the maxi-
mum undistorted output that can be delivered 

to a purely resistive load by a tube with given 
high-voltage supply. Although the expressions 
are derived for the cathode-follower circuit, 
many of the formulas may be applied to tubes 
with the load in the anode circuit. 

621.385  2085 
Some Recent Developments in the Tech-

nique of Radio Valve Manufacture —J. W. 
Davies, H. W. B. Gardiner, and W. H. Gomm. 
(Proc. Inst. Mech. Eng. (London), vol. 158, no. 
3, pp. 352-363; 1948. Discussion, pp. 364-368.) 
A general account of the mechanical aspects of 
the manufacture of large transmitting and 
high-frequency tubes, with particular attention 
to the making of spiral, squirrel-cage, and 
planar grids, glass-to-metal joints of the annu-
lar type, using chucks for holding the com-
ponent parts, and the assembly and alignment 
processes. 

621.385:061.3  2086 
Digests of Papers Presented at Conference 

on Electron Tubes—(Elec. Eng., val. 67, pp. 
589-600; June, 1948.) Authors' summaries of 
most of the papers read are given. Full texts are 
being published in the Proceedings of the Con-
ference on Electron .Tubes (price $3). The Re-
port on Electron Tube Survey (price $2) prepared 
by an AIEE Committee, contains data on which 
much information discussed at the conference 
was based. Both are obtainable from AIEE Or-
der Department, 33 West 39 Street, New York 
18, N. Y. 

621.385:621.396.822  2087 
The Noise Factor of Grounded-Grid Valves 

—A. van der Ziel and A. Versnel. (Philips Res. 
Rep., vol. 3, pp. 255-270; August, 1948.) A 
mathematical  treatment  of  grounded-grid 
tubes in which part of the output noise current 
also flows in the input circuit, giving partial 
noise suppression. Triodes, pentodes, and sec-
ondary-emission tubes are considered, and the 
effects of circuit and dielectric losses, transit 
time, field inhomogeneities, partition noise, and 
secondary-emission noise are discussed. 

Measurements made on tubes for X=7.25 
meters agree with theory for curves of noise fac-
tor against antenna resistance, and for noise 
resonance curves. Loose antenna coupling fa-
vors a low noise factor, but complete noise sup-
pression is impossible. Suppression is most ef-
fective for grounded-grid triodes over a narrow 
frequency band, so that this type of tube is less 
useful for wide-band working. The noise factor 
for secondary-emission tubes is much greater 
than that for triodes. See also 249 of February. 

621.385.029.63/.64  2088 
Some Slow- Wave Structures for Traveling-

Wave Tubes—L. M. Field. (Paoc. I.R.E., vol. 
37, pp. 34-40; January, 1949.) The gain per 
unit length of a traveling-wave tube is deter-
mined by a structure factor. Four types of 
structure are compared, namely (a) helix, (b) 
disk-loaded rod, (c) apertured-disk, and (d) 
helical waveguide. Amplifier performance of 
helix tubes at 10,000 Mc and wide-tuned oscil-
lator performance (1.5 to 1) with second-har-
monic output around 20,000 Mc are considered. 
Design, construction, and performance of a 
I0,000-Mc tube of type (b) are also discussed. 

621.385.029.63/.64  2089 
Effect of the Transverse Electric Vector in 

the Delay Line of the Traveling-Wave Valve: 
Part 1 0. Doehler and W. Kleen. (Ann. Ra-
dioilec., vol. 4, pp. 76-84; January, 1949.) The 
hypotheses used in different theories of the 
linear behavior of the traveling-wave tube are 
briefly reviewed and the effect of the transverse 
electric field of the delay line on the interaction 
between the beam and the wave is examined 
This effect appears to have been neglected 
hitherto. The radial field causes five waves to 
be excited instead of the three found on the 
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hypothesis of a purely longitudinal field; the 
gain of the amplified waves can be appreciably 
increased by the action of the radial field. Par-
ticular types of delay line where such effects 
predominate are discussed and the change of 
gain due to the space charge and to the absorp-
tion of electrons by the delay line is studied. To 
be continued. See also 1543 of June (Pierce). 

621.385.032.216  2090 
Fluctuation Effects of Emission from Oxide-

Coated Surfaces —R. P. Bien and Yang Yo-
Han. (Science Rec. (Nanking), vol. 2, pp. 65-
70; October, 1947. In English.) Fluctuations 
observed bear no relation to heating current but 
can be explained statistically. 

621.385.032.216  2091 
Thermionic Emission from Oxide Coated 

Cathodes —D. A. Wright. (Proc. Phys. Soc., 
vol. 62, pp. 188-203; March 1, 1949.) Discus-
sion of an experimental investigation of the 
emission from Ba/Sr oxide cathodes and from 
thoria cathodes under pulsed and dc conditions. 
Semiconductor theory can explain the emission 
and conductivity of cathode coatings. The part 
played by the interface layers between the 
coating and the metal to which it is applied is 
also considered. For earlier work see 606, 1980, 
and 1981 of 1948. 

621.385.032.216  2092 
Poisoning in High-Vacuum Oxide-Cathode 

Valves —G. II. Metson and M. F. Holmes. 
(Nature (London), vol. 163, pp. 61-62; Janu-
ary 8, 1949.) The ionizing action of the current 
after leaving the cathode surface is suggested as 
the prime factor leading to cathode deteriora-
tion. Results of life tests on two batches of a 
particular type of pentode are discussed. Those 
arranged as triodes with anodes strapped to 
screen and suppressor grids and primed with 
200 volts failed after 500 to 1,000 hours, 
whereas those connected as diodes, with con-
trol grids acting as collectors and +2 volts ap-
plied between grid and cathode to give a cathode 
current of about 12 milliamps showed little 
deterioration after 6,000 hours. 

621.385.032.216  2093 
Resistance of Oxide Cathode Coatings for 

High Values of Pulsed Emission —W. E. Dan-
forth and D. L. Goldwater. (Jour. App!. 
Phys., vol. 20, pp. 163-173; February, 1949.) 
The potential variation of fine ribbon probes 
embedded in standard BaO or Sr0 coatings 
was observed for 19 tubes. Potential gradients 
were found adequate to admit dielectric break-
down as a cause of sparking. The resistance of 
Sr0 cathodes is several times that of BaO or 
mixed-oxide cathodes. Superposition of de upon 
pulsed emission causes a marked decrease in 
resistance. 

621.385.032.216  2094 
Work Functions and Conductivity of Oxide-

Coated Cathodes—G. W. Mahlman. (Jour. 
App!. Phys., vol. 20, pp. 197-202; February, 
1949.) 

621.385.032.42  2095 
A New Air-Cooling System for Transmit-

ting Valves — W. L. Vervest. (Communication 
News, vol. 9, pp. 92-96; April, 1948.) See also 
2673 of 1948 (de Brey and Rinia). 

621.385.032.5:666.1.037.5  2096 
The  Electrode  Leads of  Transmitting 

Valves—E. G. Dorgelo. (Communication News, 
vol. 9, pp. 38-44; December, 1947.) Survey 
and discussion of various methods of sealing. 

621.385.2:621.396.822  2097 
Noise Spectrum of Temperature-Limited 

Diodes —D. B. Fraser. (Wireless Eng., vol. 26, 
pp. 129-132; April, 1949.) A simple and com-
pletely general derivation of the formula for 
the fluctuation currents in plane and cylindrical 

diodes, with explicit allowance for the transit 
time. When transit time is negligible, the 
formula reduces to that of Schottky. 

621,385.2:621.396.822  2098 
Noise Spectrum of a Diode with a Retarding 

Field —J. J. Freeman. (Jour. Res. Nal. Bur. 
Stand., vol. 42, pp. 75-88; January, 1949.) A 
general expression is derived for the spectrum 
generated by the random emission of electrons 
having arbitrary trajectories within a wave-
guide. A numerical solution is obtained for the 
potential distribution within a plane diode; 
results are shown as a series of curves, and 
compared with von Laue's results. The equiva-
lent mean-square fluctuation current due to 
the space charge within a diode is deduced for 
(a) linear potential distribution, and (b) the 
distribution which occurs near the beginning 
of the retarding fiela. In case (a), the equiva-
lent noise temperature of the diode conduct-
ance is equal to the cathode temperature. 

621.385.2.032.216  2099 
Some Characteristics of Diodes with Oxide-

Coated Cathodes — W. R. Ferris. (RCA Rev., 
vol. 10, pp. 134-149; March, 1949.) The Ep-
stein-Fry-Langmuir equation for the space-
charge current in a plane diode and the Boltz-
mann equation for the retarding-field current 
are used to obtain a set of universal charac-
teristic curves for plane diodes; V.Ir/kTI is 
taken as the abscissa. These curves agree with 
experimental measurements when a series re-
sistance is assigned to the oxide cathode. Uni-
versal curves of incremental conductance and 
tables of functions used are given. 

621.385.3.020.64  2100 
Electronics of Ultra-High-Frequency Tri-

odes —R. R. Law. (Pkoc. I.R.E., vol. 37, pp. 
273-274; March, 1949.) An empirical relation 
is deduced for anode efficiency as a function 
of frequency, voltage, and interelectrode spac-
ing. 

621.385.3.032.29: 621.317.335.21- 2101 
Triode Interelectrode Capacitances --E. E. 

Zepler and J. Hekner. (Wireless Eng., vol. 26, 
pp. 53-58; February, 1949.) The variations of 
grid-to-cathode and grid-to-anode capacitance 
with working conditions were investigated ex-
perimentally. The effects of the mutual con-
ductance, amplification factor, and supply 
voltages are shown graphically. A theory is 
giver; which is in fair agreement with these 
results. 

621.385.032.29 : 621.317.335.21'  2102 
Interelectrode Capacitance of Valves ---B. L. 

Humphreys and E. G. James. (Wireless Eng., 
vol. 26, pp. 26-30; January, 1949.) Discussion 
of measurements made under different operat-
ing conditions, on two types of tube —DET 22 
and E 1714 —whose active elements are all cy-
lindrical and coaxial. The measurements were 
made on a rf bridge at a frequency of 1 Mc. The 
increase of grid-to-cathode capacitance with 
increasing anode current was much greater 
than that expected theoretically and depended 
greatly on the grid-to-cathode geometry. An-
ode-to-grid capacitance decreased very slightly 
with increasing anode current. 

621.385.832:621.397.6  2103 
The Graphechon —A Picture Storage, Tube 

—Pcnsak. (See 2061.) 

621.396.615.142:621.316.726  2104 
Frequency Stabilization of V.M. Valves — 

H. Borg. (Wireless Eng., vol. 26, pp. 59-73; 
February, 1949.) A simplified discussion of 
general principles mainly in connection with 
continuous-wave microwave oscillators. Fre-
quency-control systems are considered in which 
an error voltage, generated between a standard 
reference frequency source and the oscillator 
to be stabilized, is used to correct frequency 

variations of the oscillator. An application I 
described in which the frequency of a v.m 
tube at 9,360 Mc is stabilized by comrade° 
with a crystal, giving short-term stability, 
relative to the crystal, of the order of +100 
cps. 

621.396.615.142.2  2105 
Valves for Communication on Frequencies 

above 1,000 Mc/s: Part 1—H. Schnitger. 
(Fernmeldeleeh. Z., vol. 2, pp. 51-56; February, 
1949.) A general outline of the principles of 
klystrons of the normal and the reflex type, 
with a short account and illustration of the 2-
chamber klystron of the German Post Office; 
this gives an output of 100 watts on a wave-
length of 9 cm. 

621.396.645:537.311.33:621.315.59  2106 
Germanium —Important  New  Semicon-

ductor —Dunlap, Jr. (See 1968.) 

621.396.645 : 537.311.33 : 621.315.59  2107 
Some Novel Circuits for the Three-Ter-

miner  Semiconductor  Amplifier — Webster, 
Eberhard, and Barton. (See 1905.) 

621.396.645:537.311.33:621.315.59  2108 
The  Double-Surface  Transistor —J.  N. 

Shive. (Phys. Rev., vol. 75, pp. 689-690; 
February 15, 1949.) Emitter and collector 
point-contacts bear on opposite faces of a tlit• 
wedge of Ge and a third contact of largt 
area is provided on the base of the wedge. 
Separation between the points should not 
exceed 0.1 mm. Families of curves are given 
which facilitate correct choice of the dc 
operating voltage and give complete informa-
tion for determining the dynamic input and 
output impedances and the forward and back-
ward transfer impedances about any selected 
operating point. An explanation of the action 
of this type of transistor is given. See also 913 
of April (White) and back references and 2109 
below. 

621.396.645 : 537.311.33 : 621.315.59  2109 
Investigation of Hole Injection in Transis-

tor Action —J. R. Haynes and W. Shockley. 
T Phys. Rev., vol. 75, p. 691; February 15, 1949.) 
The impedance changes at the collector point 
of a transistor were investigated by applying 
an intermittent potential to multiple emitter 
points and observing the resulting probe-cur-
rent variations. The results are explained in 
terms of the movement of positive particles 
with a mobility of about 1.2X 103 cm/sec per 
v/cm.  • 

621.383  2110 
Photoelectric Cells in Industry [Book Re-

view] —R. C. Walker. Pitman and Sons, Lon-
don, 501 pp., 40s. (Electronic Eng. (London), 
vol. 21, p. 68; February, 1949.) Typical uses of 
such cells are discussed from the point of view 
of the practical man whose purpose is to use 
electrons rather than to theorize about them. 

MISCELLANEOUS 

621.39  2111 
What the S.C.E.L. [Signal Corps Engineer-

ing Laboratories] is Doing —H.  A.  Zahl. 
(F M-TV, vol. 9, pp. 13-22; February, 1949.) 
A general survey of work in many fields. De-
velopment work is the primary task, but basic 
and applied research work related to the mili-
tary effort is also undertaken. 

621.396  2112 
Radio Progress during 1948 —(Paoc. I.R.E. 

vol. 37, pp. 286-322; March, 1949.) A general 

review with a bibliography of 855 references. 

621.396 Popov  2113 
Alexander S.  Popov —J.  B.  Thornton. 

(Wireless Eng., vol. 26, pp. 141-142; April, 
1949.) Comment on 1842 of' 1948 (G. W. 0. H.). 
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MoNEL-Covered for dangerous, corrosive atmospheres . . . 

RELIANCE EXPLOSION-PROOF MOTORS 

Where sparks are hazardous, and corrosion is 
a threat, Reliance Explosion-Proof Motors offer a 

dependable solution to power problems. 

Fully enclosed, fan cooled, with corrosion-vul-

nerable parts made of rustproof Monel*, these 
motors are designed to give safe operation and 

maximum service life in chemical and industrial 

plants where adverse operating conditions prevail. 

Reliance Explosion-Proof Motors are constructed 
with squirrel cage frames for two and three phase 

A.C. circuits. Class A windings have continuous 
duty ratings of 55' C; Class B windings 55' or 

75" C. Motors are available with Underwriters' 
Label for Class I, Group D, hazardous locations. 

To provide adequate corrosion resistance for 

exposed parts, Monel* is used for fan covers and 
screws, outer stator covers, shaft collars, and lead 

outlet pipe nipples. Reliance engineers choseMonel 
for these applications because of its unique com-
bination of physical properties. For in addition to 
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See us at Booth 102, September 12 to 16 

4TH NATIONAL INSTRUMENT EXHIBIT 
Municipal Auditorium 

Si. Louis, Missouri 

MONEL...for 

being rust- proof and highly corrosion-resistant, 

Monel is stronger than structural steel. It is hard, 
tough, wear-and-abrasion resistant, yet ductile 

enough for forming and machining without spe-
cial tools.. .an ideal metal for use where severe 

conditions of corrosion, wear, and stress are 

anticipated. 
This is but one of countless ways the family of 

!NCO Nickel Alloys is serving industry ...improv-

ing product usefulness, reducing maintenance 
costs. Next time you are faced with a problem 
that demands a "task metal," why not consult our 

Technical Service Department? You may find that 

one of the INCO Nickel Alloys has proved satis-
factory under similar service conditions ... and 

save yourself the cost of independent research. 

Write for "List B," a directory of the many 
helpful INCO periodicals and technical bulletins. 

1-. s. Pat Off. 
THE  INTERNATIONAL  NICKEL  COMPANY,  INC. 

61 Wall Street, New York 5, N. Y. 

OF SUOMI 

Minimum Maintenance 

For full information about Reliance 

Explosion Proof Motors, write to: 

Reliance Electric and Engineering Company 

1076 Ivanhoe Road, Cleveland 10, Ohio 

33A 



The Tiny, Five-Gram 

CQ CRYSTAL CARTRIDGE 

Miniature size, light weigh,t 

requirements in pickup cartridges 

have a splendid answer in Astatic's 

new CQ Crystal Cartridge. Literally, 

everything is reduced but the reproduction 

quality. Weighing only five grams, the CQ 

offers an excellence of frequency response that 

is enviable in any size unit. Output is 0.7 volts 

at 1,000 c.p.s. Needle pressure is five grams. 

Employs replaceable, one-mil tip radius Q-33 

needle. Model CQ-J fits standard 1/2" mount-

ing and RCA 45 RPM record changers. 

Model CQ-1J fits RMA No. 2 Specifications 

for top mounting .453" mounting cen-

ters. Have cast aluminum housings. 

Write for additional details. 

CORPORATION 
CO N NEA UT.  ON 10 

IN CA1 .0. C• “Do•ik  •IrC  b f050•00 CorTAPO 

Asi•t, 
Grsfai 
De•ices 

rn•nufectured 
under 
Brush 

D er•lop ment 

Co. P•1 ,,, 

ATI.ANTA 

"Discussion of and Tour Through WAGA 
Television Station." by P. Cram, Chief Engineer, 
Television Station WAGA; May 20, 1949. 

BALTIMORE 

"Interference Problems." by E. W. Chapin, 
Chief Engineer, Federal Communications Commis-
slon: "Advantages of FM Transmission of Tele-
vision Programs in the UHF Band." bylVV. K. 
Roberts. Assistant Chief Engineer, Federal Com-
munications Commission; Business Meeting; Nomi-
nation of Officers; May 24, 1949. 

BEAUMONT-PORT ARTHUR 

'Electron Optics and Its Applications," by 
R. H. Biser, Faculty of Lamar College; May 24, 
1949. 

BUENOS AIRES 

Election of Officers; April 8, 1949. 

BUFFALO-NIAGARA 

Nomination of Officers; May 12. 1949. 
"A Flow Meter for Granular Substances." by 

J. F. McCullough; "A Magnetic Thickness Gauge." 

by R. Rowe, Carborundum Company; "Compari-
sons Between American and British Television." by 
D. Swaine, Colonial Radio; Election of Officers; 
May 18, 1949. 

BOSTON 

"A New Long-Playing Disk Recording Sys-
tem." by P. C. Goldmark, Columbia Broadcasting 
System. October 26, 1948. 

"A New Method for Measuring the Product ol 
Two Voltages Using a Single Vacuum Tube." by 
D. B. Sinclair, Assistant Chief Engineer. General 
Radio Company, November 18, 1948. 

"The Electronic Theory of the Transistor," by 
W. Shockley, Bell Telephone Laboratories; Decem-
ber 16. 1948. 

'The Physical Concepts in the Statistical Ap-
proach to Communication Problems," by R. M. 
Fano, Massachusetts Institute of Technology; 
January 20, 1949. 

"Traveling-Wave Amplifiers," by H. G. Ruden-
berg. Raytheon Manufacturing Company; February 
17. 1949. 

"Radio Telemetering," by C. H. Hoeppner. 
Raytheon Manufacturing Compantt March 24. 
1949. 

"Psycho-Acoustic 'Aspects of Speech Com-
pression." by J. C. R. Licklider, Faculty of Harvard 
University; April 21, 1949. 

"Television Station Installation and Opera-
tion," by W. H. Hauser and S. V. Stadig, Radio 
Station VVBZ; Election of Officers; May 26. 1949. 

"Microwave Spectroscopy." by R. Karplus and 
; E. Fletcher, Faculty of Harvard University; June 
17, 1949. 

CEDAR RAPIDS 

"The Baldwin Electronic Organ," by A. F. 
Knoblaugh. The Baldwin Piano Company, May 12, 
1949. 

CINCINNATI 

Election of Officers; June IS, 1949. 

CLEVELAND 

Inspection Tour; "Description of WNBK and 
NVTAM Studios." by E. Leonard. Engineer-in-
Charge. National Broadcasting Company Cleve-
land Facilities; and A. Hammerschmidt, Super-
visor. Television Operations; May 26, 1949. 

CONNECTICUT VALLEY 

Election of Officers; June 4, 1949. 

(Continued on Page 394) 
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ADVENTURES IN ELECTRONIC DESICN 

Centrolab Announces the NEW 
MODEL 2 RADIOHM CONTROL! 

OTHER MODEL 2 
RADIOHM CONTROLS 

Left: plain type. Right: plain 
type —concentric shaft, twin 
with taps. 

Left: switch type—with taps. 
Right: switch type—twin. 

ALL MODEL 2 CONTROLS ARE 1546 " IN DIAMETER — RATED AT 1/2 WATT. 

HERE THEY ARE! Centralab's Model 2 Racliohm Controls. 
Designed by skilled Centralab engineers, these new quality 
controls are used in television, radio, sound, motion picture 
and other electronic equipment. Precision-built with a spe-
cial composition resistance material securely bonded to a 
high quality phenolic base, they give you lower noise level 
. . . longer life. Yes — examine the new CRL Model 2 
Radiohms and see why it will pay you to use these finer con-
trols in the equipment you manufacture. See how Model 2's 

clinched terminals insure firm, positive connections. See how 
Model 2's complete line of 3 basic switches (5, 8 and I 
amp.) gives you 24 switch combinations for real flexibility 
in application and design. See how Model 2's tap positions 
at 371/2 , 50 and 621/2 percent of rotation simplify wiring 
problems. Yes — check all of the outstanding advantages of 
Centralab's fine new Model 2 Radiohm Controls and youT 
agree they're the right controls for you. For complete in 
formation, see your Centralab representative or write direct 

DEVELOPMENTS THAT CAN HELP YOU . 

Division of GLOBE-UNION INC.. Milwaukee 



Centralab reports to 

1 Size and weight were important considerations to the Frazer Corn-  smaller and lighter units possible. It also found that this tiny 
pany, Auckland, New Zealand. That's why this firm switched to  3-stage audio-amplifier helped cut production costs almost 60%. 
Centralab's amazing Printed Electronic Circuit for use in the hear-  Is it any wonder Frazer is proud of being first in the British 
ing aids it manufactures. Frazer found that Ampec did make  Empire to use Ampec in hearing aids? 

2 Centralab's Ampec, above, is an inte-gral assembly of tube sockets, capaci-
tors, resistors and wiring combined 
into one miniature amplifier unit. 

Model, courteiy °tyke Frazer Company 

Coup/ate consists of plate lead and 
grid resistors, plate by-pass and coup. 
ling capacitors. Minimum soldered 
connections speed production. 4 This ., ,ii, ikw CRL I .4.rtica1 Integra-

tor Network used in TV sets. Varia-
tions of this Centralab Network are 
available on special order. 



' 6.0 

Electronic Industry 

5
 Model "1" Radiohm control — plain 
and switch types — is no larger than 
a dime. Especially designed for min-
iature applications. 

I
For by-pass or coupling applications, 
check CRL's original line of ceramic 
disc and tubular Hi-Kaps. Disc Hi-
Kap' are smaller than a dime! 

• Let Centralab's complete Radiohm line take care of your special needs. Wide range 
of variations: Model "R" — wire wound, 3 watts; or composition type, I watt. 
Model "E" — composition type, 14 watt. Direct contact, 6 resistance tapers. Model 

— composition type, 1/2 watt. 

8
 ffi-Vo-Kafts are filter and by-pass ca-
pacitors combining high voltage, small 
size and a variety of terminal connec-
tions to fit most TV needs. 

Ceramic Trimmers are made in five 
basic types. Full capacity change 
within 180° rotation. Spring pressure 
maintains constant rotor balance. 

10 
Centralab's development of a revolutionary, new Slide Switch gives you improved 
AM and FM performance! Flat, horizontal design saves valuable space, allows short 
leads, convenient location to coils, reduced lead inductances for increased efficiency 
in low and high frequencies. CRL Slide Switches are ruAged and dependable. 

11 
Great Step forward in switching is 
CR L's New Rotary Coil and Cam In-
dex Switch. Its coil spring gives you 
smoother action, longer life. 
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Choose 
Centralab Printed Electronic Circuits 

973 — Am PEC —  three-tube P. E. C. amplifier. 
42-6 — COUPLATE — P. E. C. interstage coupling plate. 
999 — PENTODE COUPLATE — specialized P. E. C. coupling 

plate. 
42-9 — FILPEC — Printed Electronic Circuit filter. 

Centralab Capacitors 
42-3 — BC TUBULAR HI-KAPs — capacitors for use where 

temperature compensation is unimportant. 
42-4 — BC Disc HI-KAPs —miniature ceramic BC capacitors. 
42-10 — HI-Vo-KAPs — high voltage capacitors for TV appli-

cation. 
695 — CERAMIC TRIMMERS — CRL trimmer catalog. 
981 — HI-Vo-KAPs — capacitors for TV application. For 

jobbers. 
42-18 — TC CAPACITORS — temperature compensating capaci-

tors. 
814 — CAPACITORS — high-voltage capacitors. 
975 — FT HI-KAPs — feed-thru capacitors 
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,THEY'RE FREE. 

From This List! 

Centralab Switches 
953 — SLIDE SWII CH — applies to AM and FM switching cir-

cuits. 
970 — LEVER SWITCH — shows indexing combinations. 
995 — ROTARY SWITCH — schematic application diagrams. 
722 — SWITCH CATALOG — facts on CRL's complete line of 

switches. 

Centralab Controls 
42-7 — MODEL "1" RADIOHM — world's smallest commercially 

produced control. 
697 — VARIABLE RESISTORS — full facts on CRL Variable 

Resistors. 

Centralab Ceramics 
720 — CERAMIC CATALOG — CRL's steatite and ceramic prod-

ucts. 
General 

26 — GENERAL CATALOG — Combines Centralab's line of 
products for jobber, ham, experimenter, serviceman or 
industrial user. 

Look to CENTRALAB in 1949! First in component research that means lower costs (or the electronic 
industry. If you're planning new equipment, let Central ab's sales and engineering service work with you. For 

complete information on all CRL products, get in touch with your Centralab Representative. Or write direct. 

CENTRALAB 
Division of Globe-Union Inc. 
900 East Keefe Avenue, Milwaukee, Wisconsin 

Yes-1 would like to hove the CRL bulletins, checked below, for my technical library! 

El 973 

Cl 426 

o 999 

o 42-9 

o 42-3 

El 42-4 

o 42-18 

o 695 

O 981 

• 953 

O 814 

• 975  0 995  0 697 

0 953  0 722  0 720 

0 970 42-7 26 

Name   

Address   

City   State   

TEAR OUT COUPON 

for the Bulletins you want   

Division of GLOBE-UNION INC. • Milwaukee 
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D ALLAS-FORT W ORTH 

'Silicones—Electrical Properties and Applic. - 
tions," by Southwest Manager. Dow Corning 
Corporation; May 17. 1949. 

"Pulse Time Modulation." by R. G. Maddox. 
Federal Telephone and Radio Corporation; June 2. 

1949. 
DAYTON 

"IRE Affairs," by S. L. Bailey, President. The 
Institute of Radio Engineers; Election of Officers; , 

May 12, 1949. 
DETROIT 

"FM —FM Telemetering System." by H. B. 

Schultheis. Research Engineer, Bendix Aviation 

Corporation; May 20, 1949. 

FORT W AYNE 

"The Automatic Telephone Exchange." by 
E. J. Kane. Home Telephone and Telegraph Com-

pany. Election of Officers; May 23, 1949. 
"Microwaves. Their Development and Use," 

by M. G. Staton. RCA-Victor Division; 'Brain 
Waves," by C. Mengani, Indiana Technical College; 

June 13. 1949. 
LONDON 

"Annual Banquet Meeting." by F. H. R. 

Pounsett,  Stromberg-Carlson  Company.  I.t d.; 
February 16, 1949. 

"Hysteresis Effects," by J. Young; "Frequency 

Divider Networks." by D. Aaronson; "Three-
Dimensional Cathode-Ray Display," by N. Broten; 

March 11, 1949. 
"Practical Aspects of Modern Directional 

Broadcast Antenna Arrays," by G. A. Robitaille. 

Chief Engineer. CFPL; April 29, 1949. 
"Practical Discussion of General Antenna 

Engineering," by J. E. Hayes, Columbia Broad-
casting Company; Election of Officers; May 27. 

1949. 
Los ANGELES 

Television Symposium and panel discussion 

May 21. 1949. 
M I LWA KEE 

Election of Officers; June 9, 1949. 

NEW YORK 

"The Stratovision System." by C. E. Nobles. 

Westinghouse Electric Corporation; December 1 

1948. 
"The Electron Wave Tube," by A. V. Haeff, 

Naval Research Laboratory, and J. R. Pierce, Bell 

Telephone Laboratories; December 16. 1948. 
"A Field Test of UHF Television in the iKasit-

ington Area," by G. H. Brown. RCA Laboratories; 

January S. 1949. 
"Instantaneous Audience Measurement Sys-

tem (IAMS)." by P. C. Goldmark, J. W. Christense. 
A. Bark, J. T. Wilner, and A. Goldberg; Columbia 
Broadcasting System; January 19. 1949. 

*A New Microwave Triode." by J. A. Morton, 
A. E. Bowen. W. W. Mumford, and M. E. Hines, 
Bell Telephone Laboratories: February 2, 1949. 

Motion Picture on 'Atomic Physics." by J. R. 
Dunning. Faculty of Columbia University; Feb-

ruary 16. 1949. 
"Development of a Large Metal Kinescope for 

Television," by J. Kelar. H. P. Steier, C. T. Latti-
more. and R. D. Faulkner. Radio Corporation of 

America; February 23, 1949. 
"Design Problems in Meeting NAB Tentative 

Magnetic Recording Standards." by W. E. Stewart. 
Radio Corporation of America, "Noise Factors in 
Magnetic Tape Recording," by D. G. C. Hare, 
Consulting Physichrt; March 2. 1949. 

"A Facsimile Multiplex System for FM Broad-
casting Networks," by W. S. Halstead. President 
Communications Research Corporation; April 

1949. 
(Continued on page 404) 
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LPOTENTIOMETERi 

Schematic diagram 

No. 791 kilovoltmeter 

multiplier 

Shalicross 
HIGH-RANGE 

KILOVOLTMETER 
MULTIPLIERS 
and voltage dividers 

Types to 200,000 volts 

Whether tor direct high-voltage measurements or for 
use as standards in determining the exact voltage of a frac-
tional segment of a high-voltage supply, Shallcross Kilo-
voltmeter Multipliers combine close accuracy with safety 
and dependability. 

The No. 791 kilovoltmeter multiplier illustrated above 
provides a ready and accurate means of determining a-c and 
d-c potentials up to 40,000 volts with outstanding accuracy. 
Other Shallcross types have been supplied for voltages of 
200,000 volts and higher. Whether your need is for a unit 
designed for ordinary voltage ranges or for nuclear research 
development, chances are that Shallcross standard designs 
or adaptations thereof can fill the bill. Write for recom-
mendations, stating details of your application. 

SHALLCROSS MFG. CO. 
Resistors  • Instr u m e nts  •  Switches  • Att e n u al ors 

Dept. PR-89 COLLINGDALE, PA. 
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New 

Transformer 
Series 

t=i) 

Provides Famous 

ADC Quality 

at Low Cost 
The unvarying high quality of ADC trans-

formers has been recognized by electronics 
engineers through the years. This record for 
dependability and close tolerances over wide 
frequency ranges results from: 

• Training and experience in transformer design. 

• A careful system of production testing. 

• Modern production methods. 

• Use of only quality materials. 

NOW! ADC has designed a new line of transformers 
to meet a present day industry need for high trans-
former quality at lower prices. 

Yeoman Series for 
Quality at Lower Price 

The Yeoman series of low-priced transformers 
includes a number of new designs not previously 
offered by ADC, and some features of both the 
famous ADC Quality Plus and Industrial lines. 
Substitution of open frame construction for 
hermetic seals and flexible leads for solder ter-
minals are among design changes made in the 
interest of economy. 
The industry will find many uses for the 

accurate, dependable, trouble free performance 
of ADC transformers in the Yeoman price range. 
This new transformer line covers all types of 
applications; i.e., input, output, bridging, power 
transformers and chokes. 

For full information about ADC transformers, 
Writ* Today for your new ADC catalog. 

Industrial Series 

Quality Plus Series 

140. 41. DEVELOPMENT CO. 
2855-13th AVENUE SOUTH, MINNEAPOLIS 7, MINN. 

"Audio Develops the Finest" 

' Section Meetings 
path 0.1) 

'Acoustic Lenses for Audio-Frequency Applica-
tions." by W. E. Kock, Bell Telephone Laboratories; 
April 18, 1949. 

'Image Quality in Photography and Tele-
vision." by 0. H. Schade. RCA Victor Division; 
May 4. 1949. 

'Some Circuit Aspects of the Transistor," by 

R. M. Ryder, Bell Telephone Laboratories; Election 
of Officers; June I. 1949. 

NORTII CAROLINA-VIRGINIA 

"Television Station Design," by J. N. Corner, 
General Electric Company; May 27, 1949. 

PITTSBURGH 

'Control Problems in Nuclear Power Plants,' 
by M. A. Schultz, Westinghouse Electric Corpora-
tion; Election of Officers; June 13. 1949. 

PORTLAND 

"Changing Patterns that Influence Engineer-
ing Decisions," by C. W. Leihy, Executive Vice-
President, Electrical Publications, Inc; Dedication 
of Dearborn Hall. May 28, 1949. 

SALT LAKE 

'Directional Antennas.' by S. Benson, Radio 
Institute; June 1. 1949. 

SAN DIEGO 

'Radar System Requirements for Maximum 
and Minimum Range,' by W. S. Ivans. Con-
solidated Vultee Aircraft Corporation; April 5, 1949. 

"Atomic Energy  Possibilities," by  L.  E. 
Reukema, Faculty of University of California; 
April 26, 1949. 

Television Symposium on 'Technical Prob-
lems of Studio Production," by R. W. Clark, 
National  Broadcasting  Company;  'Television 
Receiver Installation and Service Problems," by L. 
Borgeson, Radio Corporation of America Service 
Company, Inc.; Round Table Discussion, led by L. 
Papernow,  Television  Broadcasting  Company; 
June 7, 1949. 

SEATTLE 

"Distributed Amplifier." by R. A. Wilson. 
Graduate Student. University of Washington; 
t Base Reflex Increase." by R. Foss. Graduate 
Student, University of Washington; "RC Coupled 
Feedback Amplifiers," by L. D. Barter. Graduate 
Student, University of Washington; May 26. 1949. 

"L-1 Carrier Telephone System." by D. Nut t-
ins. Pacific Telephone and Telegraph Company; 
June 10. 1949. 

WILLIAMSPORT 

'The Use of Stratovision in the .UHF Band.' 
by C. E. Noble. Westinghouse Electric Corpora-
tion, May 25. 1949. 

SUBSECTIONS 
AMARILLO-LUBBOCK 

"Westinghouse SO Kw AM Transmitter," by 
Messrs. Massey and McHoney, Sales Engineer and 
Service Engineer; May 16. 1949. 

UNIVERsi  CALIFORNIA SOCIETY OF 

ELECTRICAL ENGINEERS — 

IRE-AIEE BRANCH 

Field Trip; May 10, 1949. 
Field Trip; May 19. 1949. 

UNIVERSITY OF COLORADO— IRE BRANCH 

"The Electret." by W. E. Brittin, Faculty of 
University of Colorado; Nomination of Officers; 
May 23, 1949. 

(Continued on rage 42A) 
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For Accurate and Up-to-date News of Every British 
Development in Radio, Television and Electronics 

W
IRELESS WORLD is Britain's leading technical 

magazine in the general field of radio, television 
and electronics.  For over 37 years it has consistently 
provided a complete and accurate survey of the newest 

British technique in design and manufacture.  Articles of 
a high standard include reviews of equipment, broadcast 
receivers and components, while theoretical articles deal 
with design data and circuits for every application. 

WIRELESS WORLD is published monthly 26s. ($5.50) a year 

Subscriptions can be placed with British 
Publications Inc., 150 East 35th Street, 
New York. 16. N.Y., or sent direct by 

W RELESS  ENGINEER  is read  by  research 
engineers, designers and students, and is accepted 

internationally as a source of information for advanced 
workers.  The  Editorial  policy  is to publish  only 
original work,  and representatives  of the  National 
Physical Laboratory, the British Broadcasting Corporation 
and the Engineering Department of the British Post 
Office are included on the Editorial Advisory Board. 

WIRELESS ENGINEER is published monthly, 32s. ($6.50) a year 

ASS O CI ATE D 

ILI FFE 
PUBLICATI ONS 

:,ti's-national Money Order to Dorset House, 
'tarnford Street, London, S.E.1, England. 
Cables  " lliffepres.  Sedist.  London." 

ASSOCIATED TECHNICAL BOOKS: "Television Receiving Equipment" (2nd Edition), by W. T. Cocking, M.I.E.E. One of the most 
important British books on television, 13 shillings ($2.60): "Wireless Direction Finding" (4th Edition), by IL Kern, B.Eng. (Hons.), 
A.M.I.E.E. An up.to.date and comprehensive work on the subject, 45 shillings ($9.25); available from the British address above. 



AI RCRAFT 

RADI O 

COR P OR ATI O N 
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Simplified 
-Compact 

-Portable 
900-2100 megacycles, 
single band 

Directly calibrated, single 
dial frequency control 

Directly calibrated 
attenuator, 0 to —120 dbm 

CW or AM pulse modulation  

Internal pulse generator with contro ls for  width, 
delay, and rate. Prov ision  for  externa l pu lsing  

Controls planned and grou ped for  ease  of 
operation 

Weight: 42 lbs. Easily portable--ideal for air-
borne installations  

Immediate deliver y 

Write for specificatioas — investigate the 
advantages of this outstan ding  new  instrument.  

Built to 

Navy Specifications 
for research 

and production 

testing 
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DEPENDABLE ELECTRONIC EQUIPMENT SINCE 1928 

fiircraft Radio Corporation 
BOONTON, New Jersey 

STUDENT 
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GEORGIA SCHOOL OF TECHNOLOGY -I R E BRANCH 

"Tour of Transmitter Station." by C. F. 

Daugherty, Radio Station WSB; April 27, 1949. 
"Manufacture of Power Transformers," by B. 

J. Sturman. Jr.. Westinghouse Electric Corporation; 

Election of Officers; May 3, 1949. 

Film. "Stepping Along with T-V"; May 19, 
1949. 

IO WA STATE COLLEGE -I R E- AI E E BRANCH 

Election of Officers; May 24. 1949. 

STATE U NIVERSITY OF IO WA -I R E BRANCH 

Student Talks; May II, 1949. 
Student Talks; May 18, 1949. 

Election of Officers; May 25, 1949. 

U NIVERSITY OF MINNESOTA -I R E- AI E E BRANCH 

"Color Movies on Hawaiian Islands." by R. T. 
S. Carter. President, RTS Carter Company; May 
10, 1949. 

N E WARK COLLEGE OF ENGINEERING -

IRE Bicssicii 

"The Graphic Recorder as a Measuring Tool." 
by L. P. Reitz, Sound Apparatus Company; May 
18. 1949. 

N E W YORK U NIVERSITY -I R E BRANCH 

Business Meeting and Election of Officers; May 
24, 1949. 

N ORTH CAROLINA STATE COLLEGE -

IR E BRANCH 

"Opportunities for Engineers in the Federal 

Service," by E. McCrer.sky, Director of Personnel, 
Office of Naval Research; May 25. 1949. 

OREGON STATE COLLEGE -I R E BRANCH 

"High Voltage Power Arc Test." and movie of 
test, by E. C. Starr, Faculty of Oregon State Col-

lege; Election of Officers; May 25, 1949. 
"Factors Which Affect Engineering Decisions." 

by C. W. Leihy. Executive Vice-President, Electri-
cal Publications Inc.; and Banquet; May 28. 1949. 

PURDUE U NIVERSITY -I R E BRANCH 

"Ceramic Dielectric": Ceramic Capacitors, and 
Printed Circuits." by B. Marks, Centralab Com-

pany; Election of Officers; May .31, 1919. 

ST. LOUIS U NIVERSITY -I R E BRANCH 

Election of Officers; March 24. 1949. 
"Telemetering," by P. T. Ramey, Union Elec-

tric Company; April 21. 1949. 

"Selenium Rectifiers," by F. A. Waelterman, 
%I:kers, Inc.; April 28, 1949. 

"Missouri Society of Professional Engineers." 
by E. S. Rehagen, Westinghouse Electric Corpora-
tion; May 19, 1949. 

SAN DIEGO STATE COLLEGE -I R E BRANCH 

Election of Officers; May 17, 1949. 
"Visual Understanding of Video," by R. T. 

Silberman, Student; May 23, 1949. 

SEATTLE U NIVERSITY -I R E BRANCH 

Election of Officers; April 21, 1949. 

STANFORD U NIVERSITY- IR E- AI E E BRANCH 

Election of Officers; "General Electronics Re-
search Picture at Stanford," by F. E. Terman: 
Faculty of Stanford University; Student Talks; and 
Open House; May 25, 1949. 
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UNIVERSITY OF W ASHINGTON—  

IRE-AIEE BRANCH 

'Northwest Power Problems," by Mr. Lamp-

oon. B.P.A.; December 9, 1948. 
Business Meeting; February 9. 1949. 
Business Meeting and Nomination of Officers; 

April 8. 1949. 
Business Meeting and Election of Officers; May 

2. 1949. 

W AYNE U NIVERSITY— IRE-AI EE BRANCH 

Election of Officers; May 12. 1949. 
•RF Induction Heating." by Mr. Cardwell. 

Westinghouse Electric Corporation; June 2. 1949. 

The following transfers and ad missions 
were approved and will be effective as of 
August 1, 1949: 

Transfer to Senior Member 

Baldwin. L. W., Box 118, R.F.D. 1, Oxnard. Calif. 
Byers. H. G.. 133 Glengarry Ave.. Toronto 12, Ont., 

Canada 
Courtney. J. M.. 359 N. Datil Dr., Albuquerque. N. 

Mex. 
Davis, A., Jr.. 920 East 49, Austin. Tex. 
Dennison. B. H., 1314 S. Pollard St., Arlington. Va. 
De Shong, J. A., Jr.. 1414 N. Austin Bldv., Oak 

Park, Ill. 
Hidy, J. H.. 4410 S. Peoria, Box 58, Tulsa, Okla. 
Klein. R. M., 2200 Morris Ave.. New York 5t, 

N. Y. 
Lundahl, T., Columbus, Sherburne, N. V. 
Martin. A. E., 226 West 131St.. New York 30, N. Y. 
Masters. R. W., Marlton Pike & Wesley Ave., 

Eriton. N. J. 
McGaughey. J. R., Navy Electronics Laboratory, 

San Diego 52. Calif. 
Perper, L. J., 3255 Ridge Ave., Dayton 5, Ohio 

Rochester, N.. R.F.D. 2. Wappingers Falls, N. Y. 
Rollefson, K. E., 1615 Ridge Ave.. Evanston, Ill. 

Shepherd, W. G., 2176 Stanford Ave., St. Paul, 
Minn. 

Talmage, F. E.. 340 Comly Ave.. W. Collingswood, 

N. J. 

Admission to Senior Member 

Altovsky, V. A.. 88 rue Lecourbe. Paris 15, France 

Bartlett. S. C.. 74 Etville Ave., Yonkers 2, N. Y. 
Bernreuter. H. A.. 5208 W. Kinzie St., Chicago 44. 

Bowie, W. G.. 302 Houston Ave., Syracuse 10. N. 
Dorff, L. A.. 92 Hawthorne St.. Glen Ridge, N. 
Fong, L. B. C., National Bureau of Standards. 

Electronics Division, Washington, D. C. 

Given, F. J., Bell Telephone Laboratories, Murray 
Hill, N. J. 

Hoekstra, C. E., 2912 Holton Ave., Fort Wayne 5. 

Ind. 
Hosmer, E. A.. 420 Market St., San Francisco 

Calif. 
Kendall. H. C., 143 Edgemont Rd., Rochester 7. 

N. Y. 
Landrey, L. R.. 58 Elm St.. Lynbrook. L. I., N. V. 
McGraw. J. E., Army Field Forces Board /4. Fort 

Bliss, Tex. 
Merrill. L. L., Clarkson College, Potsdam, N. V. 
Motown. A. A., 4 Square Charles Laurent, Paris IS, 

France 
Philipps. R. J., 37 Lexington Dr.. Livinpton, N. J. 
Rawlins, R. E., 11180 Emelita St., North Holly-

wood. Calif. 
Raymond. F. H.. 37 Avenue des CourIls, Le Vesinet, 

(Seine & Oise), France 

(Continued on page 44A) 

numsFonmets 
New York Transformer Company builds 
hermetically sealed transformers to meet 
your most exacting requirements. Speci-
fications are translated by NYT experi-
ence and skill into the components you 
require. 

Enlarged facilities for the development 
and manufacture of fine equipment 
assure the production of hermetically 
sealed units in accordance with your 
schedules. Ten or ten thousand —every 
transformer is built with the same spe-
cialized care. Shop procedures for test-
ing insure the perfection of the seal on 
every unit. Hermetically sealed trans-
formers from NYT meet all civilian and 
government specifications — including 
current JAN T-27, U. S. Navy 16-T-30, 
and Signal Corps 71-4942. Other sealed 
type transformers include specially 
treated, uncased, lightweight units for 
airborne use, built to government speci-

fication. 

Engineering and design facilities, as well 
as production know-how, are always at 
your service.  Write or phone your 
requirements. 

Radio and television power transformers 
and reactors . . . audio transformers, 
filters and chokes . . . control and 
operating transformers . . . calibrators 
and special equipment for electronics. 

NEW YORK 
TRANSFORMER CO. INC. 
Alpha,  flew Jersey 
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HIGH CAPACITY 
TO SPACE RATIO 
wit% Poimuuta 

Psed‘uvu'gzd eaftezatevr4 

JOHNSON Pressurized Capacitors 
are so carefully engineered that they 
provide the desired capacity and 
voltage rating with minimum pressure 
and condenser height. Because of their 
efficient electrical and mechanical 
design, they also provide the utmost 
in stable operating conditions. 

Available as "standard" are variable, 
fixed and fixed-variable units — in a 
wide variety of capacitance and current 
rating. In addition, JOHNSON can 
build any pressure condenser to in-
dividual specifications. 

FE A T  R E S 

•Low Loss 
• High KVA Rating 
•Shielded From External Electro-
static Fields 

• Low Internal Distributed induc-
tance 

•Complete Dependability 

Write  For  Illustrated 
JOHNSON Catalog and 

Prices 

E. F. JOHNSON CO.  WASECA, MINN. 

(('ontinued from page 434) 

Spandau, E. P., 801 Broad Blvd., Dayton 9, Ohio 

Victoreen, J. A., 3800 Perkins Ave., Cleveland 14, 
Ohio 

Transfer to Member 

Bedwell, T. H., Physics Department. Florida State 
University, Tallahassee, Fla. 

Bittner, B. J., 3110-42 Pl., Sandia Base Branch, 
Albuquerque, N. Mex, 

Bodle, D. W., Bell Telephone Laboratories, 463 
West St., New York 14. N. Y. 

Bratinen, P. M., 241 N. Fifth St., Duquesne, Pa. 

Florman, L. W., 413 N. Rush St., Itasca, Ill. 
Gross, J., Box 973, Nairobi, Kenya Colony, British 

East Africa 

Hancock, N. W.. 600-13 St., N. W., Cedar Rapids, 
Iowa 

Hoffman. R. Y., Jr., 1234 Ridgewood Dr., North-
brook. Ill. 

Jorgenson, T. 0., WEAU Transmitter. R. R. I. Hy 
Q. Eau Claire, Wis. 

Osbahr, B. F., 206 Eighth Ave., Brooklyn 15, N. V. 
Pfefer, B. L., 428 Woodbine Ave., Syracuse 6, N. Y. 
Ratts, B. H., 2506 Terrace Rd., Fort Wayne 3, Ind. 

Schull, G. R., 12131 Mayfield Ave., Los Angeles 24, 
Calif. 

Waller, M. J., R.F.D. I, Foxboro. Ont., Canada 
Winkler, E. H., 71 White St., Shrewsbury, Red 

Bank, N. J. 
Young. C. W., 4745 Nogal St., San Diego 2, Calif. 
Zupnick, I. N., 78 Linden Blvd., Brooklyn 3, N. Y. 

Admission to Member 

Allan, D. K., 925 Louisiana Ave.. Baton Rouge, La. 

Anderson, C. W., 920 Pine St., St. LOWS I. Mo. 
Baker, E. E., Jr., Box 379, APO 182, c/o Post-

master, San Francisco, Calif. 
Belprez, G. R., 1322 Chalmers Ave.. Detroit 15. 

Mich. 
Bettis, E. S.. Box 105, Oak Ridge, Tenn. 
Bindner, J. T., 1586 Hedding Ct., San Jose 11, Calif. 
Chess. R. B., 1830 South 54 Ave., Chicago 50, III. 
Collier, J. W., 1903 Ridge Pl., Washington, D. C. 
Cooke, H. F., Apt. 17. Maxwell Ct., Mains Ave., 

Syracuse, N. Y. 
Dahl, A. H., 114 Di mon Rd.. Oak Ridge, Tenn, 
Danielsen, A. C., 1429 South 51, Milwaukee 14, 

Wis. 

Dug, P. N., 1 Bhaduri Lane, P.O. Serampore, Dist. 
Hooghly, Bengal, India 

Diehl. C. E., Box 1535, Salt Lake City 11. Utah 
Frenkel, L. J., Jr., 216 South Yale, Albuquerque, N. 

Mex. 
Hassel, E. W., 2911 Erie St., Racine, Wis. 

Hershey, J. H., Washington Valley Rd., Morris-
town. N. J. 

Hosker, G. R., c/o Richards-Wilcox Canadian 
Ltd.. London, Ont.. Canada 

Kilbey, A. R., 20 Dix St., Waltham, Mass. 
Layzell, L. M.. Radio Planning Department. Flight 

Ops., Division, K.L.M. Royal Dutch Air-
lines,  Schiphol  Airport,  Amsterdam, 
Holland 

Lee, R. E., 1923 W. Baltimore St.. Baltimore 23, 
Md. 

Malimoud, A. A.. Faculty of Engineering. Fouad I 
University, Giza, Cairo. Egypt 

Mallory. V. L., Continental Electronics Manufac-
turing Co., 1728 Wood St.. Dallas, Tex. 

Martens, H. A., 5675 Vreeland Rd., R.F.D. 2, Ann 
Arbor. Mich, 

Michie, J. L., 23 Laburnum Dr., Skelmersdale. 
Lancs., England 

Miller, S. S. 1540-52 St., Brooklyn, N. Y. 
Mutter, W. E., Graduate House, Massachusetts 

Institute of Technology, Cambridge 39, 
Mass. 

(Continued on page 454) 

Spectrum Analysis 
from AF to UHF 
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, Whose height and horitont•I location recite. 
',Iv show signal IO101 AMl frequency, enable rain,' 
'initiation of one or more Manila at one time 
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AP- I 
PANORAMIC SONIC ANALYZER AP. I 
Complete Audio Waveform Analysis in Our 

Second 
ltecogni/eil as  iiraetIcal answer for atm' , , 
naves of random iir static cli•racter. the %, 

•cle“raten and measure. iii 
un1c components  second. 
Frequency Range: 10-211.000 e.p.s., log seal. 
Input Voltage Range: rion 18V-5005'. 
Voltage Scale: linear and two decade log, liar-
mom, proillicts siintoressed I, it least 611 'lb Direct 
Reading. Simple Operation. Optimum Resolution. 

SB-7 
PANORAMIC ULTRASONIC ANALYZER 
• Entirely New for Ultrasonic Studies 
An invaluable new direct reading instrument, the 
SII-7 enables overall observation of the ultrasonic 
spectrum or very highly detailed examination of 
any selected narrow segment of the spectrum. 
Frequency Range: 2lie-3o0 KC. linear scale. 
Scanning Width: Conti lllll Italy variable. 200 KC to 

Input Voltage Range: I 1n5'-505'. 
Amplitude Scale: linear 're'? t‘,” dc•radf. if 

.t 
it 4 

4 
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SB-8 

PANALYZOR —PANADAPTOR 
For RF Spectrum Analysis 

Ionit aceepted as tin' simplest and fastest WIWI of 
oh/WrVillit reglipeOht or the  Speen-UM PAWIldso-
tor 110101 operute With superheterodyne reeeiteni, 
ithirli tune In the segment to be examined. rans-
ltrorif 110e an external signal generator for this 
I urpose and bare a flat amplitude response for 
determining relative Inchs of signals. 
Roth are available In over a dozen stantlard models 
mid blies iIilTrrin  lii . . . Maximum Scanning 
Widths ranging from rdilir to 211311% continuously 
,nrianle to zero. Signal Resolution Capabilities from 

IlloWO to Inn CPS. 
Write for Complete Technical Data 
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latzman, M. M., c/o Video Corporation of , 
America. 229 W. 28 St., New York 1. N. Y. [ 

tawhouser, R... 65 W. Great Miami Blvd.. Dayton ' 
S. Ohio 

tidenour. P. W., OMR /485, Keesler AFB, Miss. 
kfffuddin, Central Radio Propagation Laboratory, 

National Bureau of Standards. Washing-
ton, D. C. 

knecal. T. L., 5 Capitol Pl., Dayton 10, Ohio 
iimons, R. F., 368 S. Maple St., W. Hempstead, 

I... I.. N. Y. 
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Coole, P. C., Union Point, Ga. 
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Veneklasen, P. S.. 639 West Foothill Blvd., Mon-
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University of Illinois, Urbana, Ill. 

Winer, J. D., 58 Barker Ave., Eatontown, N. J. 
Wright, A., 1123 Maxine Dr., Fort Wayne. Ind. 

The following ad missions to Associate 
were approved, to be effective as of July 1, 

1949: 

Anderson. R. S., 111481 Truro Ave., Inglewood, 
Calif. 

Beckett, E. J.. 4022 Monroe Ave., E. St. Louis, Ill. 
Bell, V., 1649 Washington Blvd., Chicago 12, III. 

Belts. G. E., 33 Ninth St., McMechen. W. Va. 
Bolsey, E. J.. 57 Central Ave., Hartsdale. N. Y. 
Borowski, E., 477 Second St., Brooklyn 15. N. Y. 
Boscoe, A., 2072 W. Sixth St., Brooklyn 23, N. Y. 
Cart, R.. E., 4870 Sheridan Rd., Chicago 40. III. 
Chapman. C. I., AFRS-WVTQ & WVTC. APO 25, 

c/o Postmaster. San Francisco, Calif. 
Clause, E. M., 4411 S. E. Windsor Ct., Portland 6, 

Ore. 
Cowgill, L. R... 5050 N. Broadway. Chicago 40, Ill. 

Daniels, G. N., 8915 Columbia Ave., Cleveland 8. 
Ohio 

Davis, L., 216-15 133 Ave.. Laurelton, L. L. N. Y. 
Dean, F. R., 268 Brookline Ave., Boston 15, Mass. 
DeHart, W. D., 2051 Market St.. Spencer, W. Va. 

Dymek, B., 81 Endicott St.. Worcester 4. Mass. 
Eckert, G. F., 120 W. Schiller St., Chicago 10, III. 
Faraday, B. J., Sound Division, Naval Research 

Laboratory, Washington 25. D. C. 
Feld, M. M., 209 Ave. P., Brooklyn 4. N. Y. 
Riley, F. It, 73 Grand Ave., Akron 2, Ohio 
Fink, J. H., 230 W. Fifth St., Emporium, Pa. 
Fletcher, C. H., 203 S. Church, Monroe, N. C. 
Giffin, J. M., R.D. I. Phoenix. N. Y. 
Hardie, F., Hayestown Rd., Danbury, Conn. 
Hoffman, P. L., Jr., 12251 Cota Ave., Torrance, 

Calif. 
Horvath. A. E., 4361 N. Teutonia Ave., Milwaukee 

9, Wis. 
Howe, J. W., Box 171, Olney, Md. 
ICasmir, B., 2013 Bryant Ave., New York 60, N. Y. 
Keller, R. C., 4602 McKinney, Houston 3, Tex. 
Kline, S. H., 1710-15 St.. San Francisco. Calif. 
Krute, E. H., 2349 Glenwood Dr., Port Arthur, Tex. 
Kwiatek, W. K.. 129 N. Blakely St., Dunmore, Pa. 
Lotzow, M. F., 1766 Clarkstone Rd., Cleveland 12, 

Ohio 
Maack, H. E., 3849 S. Albany Ave., Chicago 32, 

McCasland, R. S., 4857 Schubert Ave., Chicago 39, 

McGee, H. A., 3120 Hedgerow Dr., Dallas. Tex. 
onell, L. E., 3433 W. 59 Pl., Los Angeles 43, Calif. 

Morrisset, J. B., Box 631. Lubbock, Tex. 
Murphy, R. L., 925 Belden Ave., Chicago 14. HI. 
Musicaro, J. S., 1834-71 St.. Brooklyn 14, N. V. 
Newhouse, P. D., 2955 N. Lowell Ave., Chicago, 

HI. 
(Continued on page 47A) 

CP TO -LINE 

YU 111101011% 
A new transmission line based 

upon a new plastic -TEFLON 
CP TEF-LINE transmission line, utilizing DuPont 

Teflon insulators, greatly reduces high frequency 

power losses. Furthermore, operation of transmis-
sion line at frequencies heretofore impossible owing 

to excessive power loss now becomes easily possible. 
For TV, FM and other services utilizing increas-

ingly high frequencies, TEF-LINE by CP is a 

timely and valuable development worthy of in-

vestigation by every user of transmission line. 

CI' SUPER TEF-LINE IS AVAILABLE NOW! 

Tef-Line can be delivered immediately in three standard 
sizes -1/4 ", 1543" and 3 1A3 ". With the exception of elbows and 
gas stops, the new Seal-O-Flange Super Transmission Line 
is interchangeable with all other CP fittings including end 
seals, tower hardware, flanges, "0" rings, inner conductor 

connectors and miscellaneous accessories. 
Check your transmission line requirements with the new 

CP TEF-LINE BULLETIN which is available on request. 
If you need help in planning installations, our engineers will 
be happy to talk over specific problems :it your convenience. 

• TOWER HARDWARE  • AUTO-DRYAIRE DEHYDRATORS 
• LO-LOSS SWITCHES  • COAXIAL DIPOLE ANTENNAS 

• SEAL-O-FLANGE TRANSMISSION LINE 
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HIGH CAPACITY 
TO SPACE RATIO 
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JOHNSON Pressurized Capacitors 
are so carefully engineered that they 
provide the desired capacity and 
voltage rating with minimum pressure 
and condenser height. Because of their 
efficient electrical and mechanical 
design, they also provide the utmost 
in stable operating conditions. 

Available as "standard" are variable, 
fixed and fixed-variable units — in a 
wide variety of capacitance and current 
rating. In addition, JOHNSON can 
build any pressure condenser to in-
dividual specifications. 

FE A T U RE S 

• Low Loss 
• High KVA Rating 
•Shielded From External Electro-
static Fields 
• Low Internal Distributed induc-
tance 
•Complete Dependability 

Write  For  Illustrated 
JOHNSON Catalog and 

Prices 

E. F. JOHNSON CO.  WASECA, MINN. 

(Continued front page 434) 

Spandau, E. P., 801 Broad Blvd.. Dayton 9, Ohio 

Victoreen, J. A., 3800 Perkins Ave., Cleveland 14, 
Ohio 

Transfer to Member 

Bedwell, T. H., Physics Department, Florida State 

University, Tallahassee, Fla. 
Shiner, B. J.. 3110-42 Pl., Sandia Base Branch, 

Albuquerque. N. Mex. 
Bodle, D. W., Bell Telephone Laboratories, 463 

West St., New York 14, N. Y. 
Brannen, P. M., 241 N. Fifth St., Duquesne, Pa. 
Florman. L. W., 413 N. Rush St., Itasca. III. 
Gross, J., Box 973, Nairobi, Kenya Colony, British 

East Africa 
Hancock, N. IV., 600-13 St., N. W., Cedar Rapids, 

Iowa 
Hoffman, R. Y., Jr., 1234 Ridgewood Dr., North-

brook, III. 
Jorgenson, T. 0., WEAL/ Transmitter, R. R. 1, Hy 

Q. Eau Claire, Wis. 
Osbahr. B. F., 206 Eighth Ave., Brooklyn 15, N. Y. 

Prefer, B. L., 428 Woodbine Ave.. Syracuse 6, N. Y. 
Ratts, B. IL, 2506 Terrace Rd.. Fort Wayne 3. Ind. 
Schull. G. R., 12131 Mayfield Ave., Los Angeles 24, 

Calif. 
Waller, M. J., R.F.D. I, Foxboro, Ont., Canada 
Winkler, E. H., 71 White St., Shrewsbury, Red 

Bank. N. J. 
Young. C. W., 4745 Nogal St.. San Diego 2, Calif. 
Zupnick, I. N., 7)18 Linden Blvd.. Brooklyn 3, N. V. 

Admission to Member 

Allan, D. K., 925 Louisiana Ave., Baton Rouge. La. 
Anderson, C. W.. 920 Pine St., St. Louis I, Mt). 
Baker, E. E., Jr.. Box 379, APO 182, c/o Post-

master, San Francisco, Calif. 
Belprez, G. R., 1322 Chalmers Ave.. Detroit IS. 

Mich. 
Bettis, E. S.. Box 105, Oak Ridge, Tenn. 
Bindner, J. T., 1586 Hedding Ct., San Jose 11. Calif. 
Chess, R. B., 1830 South 54 Ave., Chicago 50. Ill. 
Collier, J. W., 1903 Ridge Pl., Washington, D. C. 
Cooke, H. F., Apt. 17. Maxwell Ct., Mains Ave., 

Syracuse, N. Y. 
Dahl, A. H.. 114 Di mon Rd.. Oak Ridge, Tenn. 
Danielsen. A. C., 1429 South 51, Milwaukee 14. 

Wis. 

Das, P. N., 1 Bhaduri Lane, P.O. Serampore. Dist. 
Hooghly, Bengal, India 

Diehl, C. E.. Box 1535, Salt Lake City II, Utah 
Frenkel, L. J., Jr., 216 South Yale, Albuquerque, N. 

Mex. 
Hassel, E. W., 2911 Erie St., Racine, Wis, 
Hershey, J. H.. Washington Valley Rd., Morris-

town. N. J. 
Hosker, G. R., c/o Richards-Wilcox Canadian 

Ltd., London, Ont., Canada 
Kilbey. A. R., 20 Dix St.. Waltham, Mass. 
Layzell, L. M., Radio Planning Department, FLO 

Ops., Division. K.L.M. Royal Dutch Air-
lines,  Schiphol  Airport,  Amsterdam, 
Holland 

Lee, R. E., 1923 W. Baltimore St., Baltimore 23. 
Md. 

Mahmoud. A. A., Faculty of Engineering, Fouad I 
University, Giza. Cairo, Egypt , 

Mallory, V. L.. Continental Electronics Manuf.,, 
luring Co.. 1728 Wood St., Dallas, Tex 

Martens. H. A.. 5675 Vreeland Rd.. R.F.D. 2, Anti 
Arbor, Mich. 

Michie, J. L.. 23 Laburnum Dr., Skelmersdale, 
Lancs., England 

Miller, S. S. 1540-52 St., Brooklyn, N. Y. 
Mutter, W. E., Graduate House, Massachusetts 

Institute of Technology, Cambridge 39, 
Mass. 

(Continued on page 45A) 

Spectrum Analysis 
from AF to UHF 
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spectral content. Indications In the form of vertical 
pips whose height and horizontal location reaper.. 
lively show signal letel and frequency, enable rapid 
examination of one or more signals It O n e  time. 

AP-I 
PANORAMIC SONIC ANALYZER AP-1 
Complete Audio Waveform Analysis in One 

Second 
Recognized as TOE practical answer for analyzing 
waves of rand   or static character. the Al'.! 
automatically  separates  arid  measures  complex 
s e avcomponents in mile one second. 

Frequency Range: 40-20.000 c. p.a. log scale. 
Input Voltage Range: ;MI AV-500V. 

Voltage Scale: hmwr and two decade log. bar-
Prodm  ,Ipme...../1 it) at least to nib Direct 

Reading. Simple Operation. Optimum  Resolution. 

sit- -

PANORAMIC ULTRASONIC ANALYZER 
• Entirely New for Ultrasonic Studies 

An Invaluable new direct reading instrument, the 
811-7 enables overall observation of the ultrasonic 
spectrum or very highly detailed examination of 
any selected narrow segment of the spectrum. 

Frequency Range: 2KC-300 KC, linear scale. 

Scanning Width: Continuously variable. 200 KC to 
zero. 

Input Voltage Range: 1 mV-50y. 
Amplitude Scale: linear mat la.' 11 ,1111t. 
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SB-8 
PAN-ALI-101,  PANADAPTOR 

For RF Si r, nm Analysis 
Long &Melded as the '.1e,; lest and fastest means of 
'harrying segments of line RV Spectrum, Panadap• 
tor units operate with superheterodyne receivers. 
mach tune In the segment to he examined. Pena-
It zors use an external signal generator for this 
ogirpnae and have a flat amplitude response for 
determining relative levels of signals. 

Jinni are avallahle iii over a dozen standard models 
mid types ,tftT,-min  i,i .  Maximum Scanning 
Widths ranging from !MK(' to 21151e, continuously 
"'Habit. to art,. Signal Resolution Capabilities from 
2-.01(1 . TO 1110 CPS. 

Write for Complete Technical Data 
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Platzman, M. M., c/o Video Corporation of 
America, 229 W. 28 St.. New York 1. N. Y. 

Rawhouser, R.. 65 W. Great Miami Blvd., Dayton 
5, Ohio 
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University of Illinois, Urbana, Ill. 
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The following ad missions to Associate 
were approved, to be effective as of July 1, 
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Anderson, E. S., 111481 Truro Ave., Inglewood. 
Calif. 

Beckett, E. J., 4022 Monroe Ave., E. St. Louis. Ill. 
Bell, V., 1649 Washington Blvd., Chicago 12, III. 
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Cowgill, L. It.. 5050 N. Broadway, Chicago 40, III. 
Daniels, G. N., 8915 Columbia Ave., Cleveland 8, 

Ohio 
Davis, L., 216-15 133 Ave., Laurelton, L. I., N. V. 
Dean, F. R., 268 Brookline Ave., Boston 15. Mass. 
DeHart, W. D., 2051 Market St., Spencer, W. Va. 
Dymek, B., 81 Endicott St., Worcester 4, Mass. 
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Faraday, B. J., Sound Division, Naval Research 
Laboratory, Washington 25, D. C. 
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Hardie, F., Hayestown Rd., Danbury, Conn. 
Hoffman, P. L., Jr., 12251 Cota Ave., Torrance, 

Calif. 
Horvath, A. E., 4361 N. Teutonia Ave., Milwaukee 

9, Wis. 
Howe, J. W., Box 171, Olney. Md. 
Kasmir, B., 2013 Bryant Ave., New York 60. N. Y. 

Keller, R. C., 4602 McKinney, Houston 3, Tex, 
Kline, S. H.. 1710-15 St., San Francisco, Calif. 
1Crute. E. H., 2349 Glenwood Dr., Port Arthur, Tex, 
Kwiatek, W. K., 129 N. Blakely St., Dunmore. Pa. 
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Ohio 
Maack, H. E., 3849 S. Albany Ave., Chicago 32, 

McCasland, R. S., 4857 Schubert Ave., Chicago 39, 

McGee, H. A., 3120 Hedgerow Dr., Dallas, Tex. 
Monell, L. E., 3433 W. 59 P1.. Los Angeles 43, Calif. 
Morrisset, J. B., Box 631, Lubbock, Tex, 
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Musicaro, J. S.. 1834-71 St., Brooklyn 14. N, Y. 
Newhouse, P. D., 2955 N. Lowell Ave., Chicago, 

(Continued on page 47A) 

soft CP TO-LINE 

SW %I M O Utli 
A new transmission line based 

upon a new plastic -TEFLON 
CP TEF-LINE transmission line, utilizing DuPont 

Teflon insulators, greatly reduces high frequency 
power losses. Furthermore, operation of transmis-

sion line at frequencies heretofore impossible owing 
to excessive power loss now becomes easily possible. 

For TV, FM and other services utilizing increas-

ingly high frequencies, TEF-LINE by CP is a 
timely and valuable development worthy of in-

vestigation by every user of transmission line. 
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CP SUPER TEF-LINE IS AVAILABLE NO W! 

Tef-Line can be delivered immediately in three standard 
sizes -7/8", 15/8" and 31/8". With the exception of elbows and 
gas stops, the new Seal-O-Flange Super Transmission Line 
is interchangeable with all other CP fittings including end 
seals, tower hardware, flanges, "0" rings, inner conductor 
connectors and miscellaneous accessories. 
Check your transmission line requirements with the new 

CP TEF-LINE BULLETIN which is available on request. 
If you need help in planning installations, our engineers will 
be happy to talk over specific problems at your convenience. 

• TOWER HARDWARE  • AUTO-DRYAIRE DEHYDRATORS 

• 10-LOSS SWITCHES  • COAXIAL DIPOLE ANTENNAS 
• SEAL-0-FLANGE TRANSMISSION LINE 
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HIGH CAPACITY 
TO SPACE RATIO 
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JOHNSON Pressurized Capacitors 
are so carefully engineered that they 
provide the desired capacity and 
voltage rating with minimum pressure 
and condenser height. Because of their 
efficient electrical and mechanical 
design, they also provide the utmost 
in stable operating conditions. 

Available as "standard" are variable, 
fixed and fixed-variable units — in a 
wide variety of capacitance and current 
rating. In addition, JOHNSON can 
build any pressure condenser to in-
dividual specifications. 

FE A T U RE S 

• Low Loss 
• High KVA Rating 
•Shielded From External Electro-
static Fields 
•Low Internal Distributed induc-
tance 
• Complete Dependability 

Write  For  Illustrated 
JOHNSON Catalog and 

Prices 

E. F. JOHNSON CO.  WASECA, MINN. 

(('onfirmed from page 43A) 

Spandau, E. P., 801 Broad Blvd., Dayton 9, Ohio 
Victoreen, J. A., 3800 Perkins Ave., Cleveland 14, 

Ohio 

Transfer to Member 

Bedwell, T. H., Physics Department, Florida State 

University, Tallahassee, Fla. 
Bittner, B. J., 3110-42 Pl.. Sandia Base Branch, 

Albuquerque, N. Mex. 
Bodle, D. W.. Bell Telephone Laboratories, 463 

West St., New York 14, N. Y. 
Brannen, P. M., 241 N. Fifth St., Duquesne, Pa. 
Florman, L. W., 413 N. Rush St., Itasca, Ill. 
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Winkler, E. H., 71 White St., Shrewsbury, Red 

Bank. N. 3. 
Young, C. W., 4745 Nogal St., San Diego 2, Calif. 
Zupnick, I. N., 763 Linden Blvd., Brooklyn 3, N. V. 

Admission to Member 

Allan, D. K., 925 Louisiana Ave., Baton Rouge, La. 
Anderson. C. W., 920 Pine St., St. Louis 1, Mo. 
Baker, E. E., Jr., Box 379, APO 182, c/o Post-

master, San Francisco, Calif. 
Belprez, G. R., 1322 Chalmers Ave., Detroit 15, 

Mich, 
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Frenkel, L. J.. Jr.. 216 South Yale, Albuquerque, N. 

Mex, 
Hassel, E. W., 2911 Erie St., Racine, Wis. 
Hershey. J. H., Washington Valley Rd., Morris-

town, N. J. 
Hosker, G. R.. c/o Richards-Wilcox Canadian 

Ltd.. London. Ont., Canada 
Kilbey, A. R., 20 Dix St., Waltham, Mass. 
Layzell, L. M., Radio Planning Department, M ei: 

Ops., Division, K.L.M. Royal Dutch Air-
lines,  Schiphol  Airport,  Amsterdam,  , 
Holland 

Lee, R. E., 1923 W. Baltimore St., Baltimore 23.  I 
Md. 

Mahmoud, A. A.. Faculty of Engineering, Fouad I 
University, Giza, Cairo, Egypt 

Mallory, V. L., Continental Electronics Manufac-
turing Co.. 1728 Wood St., Dallas. Tex. 

Martens, H. A., 5675 Vreeland Rd., R.F.D. 2, Ann 
Arbor, Mich. 

Michie, J. L., 23 Laburnum Dr., Skelmersdale, 
Lancs., England 

Miller, S. S. 1540-52 St.. Brooklyn, N. Y. 
Mutter, W. E., Graduate House. Massachusetts 

Institute of Technology. Cambridge 39, 
Mass. 

(Continued on Page 45A) 

Spectrum Analysis 
fr o m AF to UHF 
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 rand,.  hist ruments  ant ,,,,, atirally  visualize 

spectral content. indleations in the form of vertical 
pipe whose height anti horizontal 101.5t1I/11 reapec-
lively 1.110 W sigi,al 114 0 slot  en•ble rapid 
eiamitiation of one or more signal, at one (iliac'. 

PANORAMIC SONIC ANALYZER AP-1 
Complete Audio Waveform Analyais in One 

Second 
as TOE practieal answer for analyzing 

%totes 4•1' rand   or static character. the Al'-1 
automaticall)  seliUratex  and  measures  complex 
w aye 4.4/1111 .111.10 /I ill Only one seemid. 
Frequency Range: 40-20.000 c.p.s. log scale. 
Input Voltage Range:  1AV-50111'. 

Voltage Scale: loicar and two decade log, liar-
, 1,1,1 1.• ,..11  4,,  Ill  11 -a t  GO ill, Direct 

Reading. Simple Operation. Optimum Resolution. 

SB-7 
PANORAMIC ULTRASONIC ANALYZER 
• Entirely New for Ultrasonic Studies 

Alt invaluable new direct reading instrument, the 
SI1-7 enables overall observation of the ultrasonic 
spectrion or very highly detailed examination of 
am selected narrow segment of the spectrum. 

Frequency Range: 2KC-200 KC, linear scale. 

Scanning Width: Continuouely variable, 200 KC to 

Input Voltage Range: 1 mV-50V. 

Amplitude Scale: linear and two decade 10, 
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SB-8 
PANALYZ08 —PANADAPTOR 

For RF Spectrum Analysis 
I ring aecepted as tioi simplest and fastest means of 
dIt MerVi ng  Segfillellt 1  if the RI" I4 1/44111IIII.  Panadap-
tor milts operate with superlietenslyne receivers. 
01i1e1, tune in die segment to be examined. Pan•-
1,mrs use an external signal generator for this 
purpoim and lune a flat amplitude response for 
determining relathe liqels or signals. 

Mtn are a‘allaide in met a dozen standard models 
and his, differing: in  Maximum Seasiniell 
Widths  ".iiK(' to 20411'. continuously 

/cm Signal Resolution Capabilities from 
imi cps: 

Write for Complete Technical Data 

PANORAMIC O 
RADIO PRODUCTS Inc 
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(Continued from page 44A) 

Platzman, M. M.. c/o Video Corporation of 
America, 229 W. 28 St., New York 1. N. Y. 

Rawhouser. It.. 65 W. Great Miami Blvd.. Dayton 

5, Ohio 
Ridenour, P. W.. OMR /485, Keesler AFB, Miss, 

Saifuddin. Central Radio Propagation Laboratory, 
National Bureau of Standards. Washing-

ton, D. C. 
Senecal, T. L.. 5 Capitol Pl., Dayton 10, Ohio 
Simons, R. F., 368 S. Maple St.. W. Hempstead, 

L. I., N. Y. 
Stave'''. E. B., 203 Main Engineering Bldg., The 

Pennsylvania State College, State College, 
Pa. 

Toole. P. C., Union Point, Ga. 
Trinkle, W. S., 2324 Ripley St., Philadelphia 15. 

Pa. 
Veneklasen, P. S.. 639 West Foothill Blvd., Mon-

rovia, Calif. 
Wax, N., Department of Electrical Engineering, 

University of Illinois, Urbana, Ill. 
Winer, J. D.. 58 Barker Ave., Eatontown, N. J. 
Wright, A., 1123 Maxine Dr., Fort Wayne, Ind. 

The following admissions to Associate 
were approved, to be effective as of July 1, 
1949: 
Anderson, R.. S., 111481 Truro Ave.. Inglewood. 

Calif. 
Beckett, E. J., 4022 Monroe Ave., E. St. Louis, Ill. 
Bell. V., 1649 Washington Blvd., Chicago 12, III. 

Seitz, G. E., 33 Ninth St:, McMechen, W. Va. 
Bolsey. E. J.. 57 Central Ave., Hartsdale, N. Y. 
Borowski, E., 477 Second St.. Brooklyn 15, N. Y. 
Boscoe, A., 2072 W. Sixth St., Brooklyn 23, N. Y. 
Cart, R. It.. 4870 Sheridan Rd.. Chicago 40. Ill. 
Chapman, C. I., AFRS-VVVTS) & WVTC, APO 25, 

c/o Postmaster, San Francisco. Calif. 
Clause. E. M., 4411 S. E. Windsor Ct., Portland 6, 

Ore. 
Cowgill, L. R.-. 5050 N. Broadway. Chicago 40, 
Daniels, G. N., 8915 Columbia Ave., Cleveland 8. 

Ohio 
Davis, L., 216-15 133 Ave.. Laurelton, L. I., N. Y. 
Dean, F. R., 268 Brookline Ave., Boston 15, Mass. 
DeHart, W. D.. 2051 Market St., Spencer, W. Va. 
Dymek, B., 81 Endicott St.. Worcester 4, Mass, 
Eckert. G. F., 120 W. Schiller St., Chicago 10, III. 

Faraday, B. 3., Sound Division, Naval Research 
Laboratory, Washington 25. D. C. 

Feld, M. M., 209 Ave. P., Brooklyn 4, N. Y. 
Filley, F. R., 73 Grand Ave., Akron 2, Ohio 
Fink. J. H., 230 W. Fifth St., Emporium. Pa. 
Fletcher, C. H., 203 S. Church, Monroe, N. C. 

Giffin. J. M., R.D. I. Phoenix. N. Y. 
Hardie, F.. Hayestown Rd., Danbury. Conn. 
Hoffman, P. L., Jr., 12251 Cota Ave., Torrance, 

Calif. 
Horvath, A. E., 4361 N. Teutonia Ave., Milwaukee 

9, Wis. 
Howe, J. W., Box 171, Olney. Md. 
1Casmir, B., 2013 Bryant Ave., New York 60, N. Y. 

Keller, R. C., 4602 McKinney. Houston 3, Tex. 
Kline, S. H., 1710-15 St., San Francisco, Calif. 
ICrute, E. H., 2349 Glenwood Dr., Port Arthur, Tex. 

Kwiatek, W. K., 129 N. Blakely St., Dunmore, Pa. 
Lotzow. M. F., 1766 Clarkstone Rd., Cleveland 12. 

Ohio 
Maack, H. E.. 3849 S. Albany Ave., Chicago 32, 

McCasland, R. S., 4857 Schubert Ave.. Chicago 39, 

111. 
McGee, H. A., 3120 Hedgerow Dr., Dallas, Tex. 
Monell, L. It., 3433 W. 59 Pl., Los Angeles 43, Calif. 
Morrisset, J. B., Box 631, Lubbock, Tex. 
Murphy, R. L., 925 Belden Ave., Chicago 14. III. 
Musicaro, J. S.. 183441 St.. Brooklyn 14. N. Y. 
Newhouse, P. D.. 2955 N. Lowell Ave., Chicago. 

(Continued on page 47A) 

SPecilfj- CP !If -1.11111E 

1101011111 
A new transmission line based 

upon a new plastic -TEFLON 
CP TEF-LINE transmission line, utilizing DuPont 

Teflon insulators, greatly reduces high frequency 

power losses. Furthermore, operation of transmis-

sion line at frequencies heretofore impossible owing 
to excessive power loss now becomes easily possible. 

For TV, FM and other services utilizing increas-

ingly high frequencies, TEF-LINE by CP is a 

timely and valuable development worthy of in-

vestigation by every user of transmission line. 

CP SUPER TEF-LINE IS AVAILABLE NOW! 

Tef-Line can be delivered immediately in three standard 
sizes -7/8", 15/8" and 31/8". With the exception of elbows and 
gas stops, the new Seal-O-Flange Super Transmission Line 
is interchangeable with all other CP fittings including end 
seals, tower hardware, flanges, "0" rings, inner conductor 
connectors and miscellaneous accessories. 
Check your transmission line requirements with the new 

CP TEF-LINE BULLETIN which is available on request. 
If you need help in planning installations, our engineers will 
be happy to talk over specific problems at your convenience. 

• TOWER HARDWARE  • AUTO-DRYAIRE DEHYDRATORS 

• 10-LOSS SWITCHES  • COAXIAL DIPOLE ANTENNAS 

• SEAL-O-FLANGE TRANSMISSION LINE 

?/04,4 
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1114 110 W AVE PLU MBING & ACCESSOBIES 

1.25 CENTI METER 

"K" BAND DIRECTIONAL COUPLER ( U104 
APS 34 20 DB  $49.50 ea. 

"K" BAND FEEDBACK TO PARABOLA HORN, 
with pressurined window ..  . $30.00 

MITRED ELBO W cover to cover   $4.00 
TR/ATR SECTION choke to cover   $4.00 
FLEXIBLE SECTION 1" choke to choke  $5.00 
ADAPTER, rd cover to sq. cover .   $5.00 
MITRED ELBO W and S sections choke to Cover 

$4.50 
WAVE GUIDE 1/2 x 1/4 per ft.   $1.00 
K BAND CIRCULAR FLANGES ..  50g 

10 CENTI METER 

WAVEGUIDE TO 7/8" RIGID COAX "DOOR. 
KNOB  ADAPTER.  CHOKE  FLANGE. 
SILVER PLATED. BROAD BAND 
 $49.50 EACH 

WAVEGUIDE DIRECTIONAL COUPLER. 27 
. db. Navy type CABV-47AAN, with 4 in. 
slotted section  $42.50 

SQ. FLANGE to rd choke adapter, 18 in. 
long OA 11/2  in. x 3 in. guide, typc "N" 
output and sampling probe  $32.00 

10 cm. waveguide to 7/0" rigid coax doorknob 
transition, 21  high with 8" slotted section 

$52.50 ea. 
10 cm, flexible section 4 feet long  ..$42.50 ea. 
10 CM. FLANGES, UG65/U   $8.50 
UG65/U 10 CM, FLANGE   $8.50 
ADAPTER 11/2 x 3 TO I" xI. SQ. 10 CM 
FLANGE TO SQ 5 CM CHOKE  $57.50 

KLYSTRON MOUNT W/TUNABLE MATCHING 
OUTPUT  TO  TYPE  "N"  CONNECTOR 
SOCKET & TUBE CLAMP INCLUDED  $12.50 

"5" BAND CRYSTAL MOUNT, gold plated, with 
2 type "N" connectors  $12.50 

PICKUP LOOP, Type ''N'' Output  $2.75 
TR BOX Pock-up Loop  $1.25 
PO WER SPLITTER: 726 Klystron input,  dual 
''N' output  $5.00 

MAGNETRON TO WAVEGUIDE coupler with 
72I-A duplexer .cavity, gold plated  .. $27.50 

10  CM  WAVEGUIDE  SWITCHING  UNIT, 
switches 1 input to any of 3 outputs. Stand-
ard P/2" x 3" guide with square flanges. Com-
plete with 115 Vac or dc arranged switching 
motor. Mfg. Raytheon, CRP 24AA5. New and 
complete  $150.00 
10 CM END-FIRE ARRAY POLYRODS ..$1.75 ea. 
"5" BAND Mixer Assembly, with crystal mount, 
pick-up loop, tunable output   $3.00 

72I-A TR CAVITY WITH TUBE. Complete with 
tuning plungers   $12.50 
10 CM McNALLY CAVITY Type SG  $3.50 
WAVEGUIDE SECTION, MC 445A, rt. angle 
bend. 5,72- ft. OA. 8 slotted section ..$21.00 

10 CM OSC. PICKUP LOOP, with male Home. 
dell output   $2.00 

10 CM DIPOLE WITH REFLECTOR in lucite 
ball, with type ''N'' or Sperry fitting  $4.50 

10 CM FEEDBACK DIPOLE ANTENNA, in luc-
ite ball, for use with parabola 1/8" Rigid Coax 
Input  $8.00 

PHASE SHIFTER.  10 CM WAVEGUIDE WE 
TYPE  ES•683816.  E PLANE TO H PLANE 
MATCHING SLUGS   $95.00 

72IA TR cavities. Heavy silver plated  $2.00 ea. 
10 cm. horn and rotating joint assembly, gold 
plated   $65.00 ea. 

10 cm. right angle bend "E" or "I-I" plane, less 
flange,  .  $17.50 ea. 

7/3" RIGID COAX-1/4" I.C. 
1/8" RIGID COAX Bead Supported  $1.20 
SHORT RIGHT ANGLE BEND  $2.50 
Rotating Joint, with deck mounting $15.00 
RIGID COAX, slotted section CU-60/AP .$5.00 
"5" BAND "Y" JUNCTION. SO. FLANGES 

$65.00 
7/8" RIGID COAX-1/4 " 1.C, 

7/4" RIGID COAX ROTARY JOINT, PRESSUR-
IZED.  SPERRY  #810613.  GOLD  PLATED 

$27.50 
Dipole assembly. Part of SCR 584 ....$25.00 ea. 
Rotary pint. Part of SCR-584  $35.00 ea. 
RIGHT ANGLE BEND, with flexible coax output 
pick-up loop   $8.00 

SHORT RIGHT ANGLE bend, with pressurizing 
nipple   $3.00 

RIGID COAX to flex coax connector  $3.50 
STUB-SUPPORTED RIGID COAX, gold plated 
5' lengths. Per length  $5.00 

RT. ANGLES for above  $2.50 
RT, ANGLE BEND 15" L. OA  $3.50 
FLEXIBLE SECTION. 15" L. Male to female 

$4.25 
MAGNETRON COUPLING to 1/4 " rigid coax, 
with TR pickup loop, gold plated .  $7.50 

FLEX COAX SECT, Appro.. 30 ft.  $16.50 

MISCELLANEOUS 

Type "N" patching cord UGII/U female to 
UG9/U using RG5,U cable 12" long ..$2.25 ea. 

AN/TPS-10 flanged nipple and insert assembly 
for Litary coupling  $3.75 ea. 

Pulse connector Navy type 49579  $1.50 ea. 
Transmission line pressure gauge. 2' IS lbs. 

$1.85 ea. 
Pulse cable assembly Western Electric type 
DI63262. 10 feet long  $4.50 ea. 

Holmdel' Jack Western Electric #B0-12962-I 
D.B. #)-102X   $3.75 ea. 

Adaptor type "N" RG8/U to RGI7/U or 18/U 
cable   $4.50 ea. 

ADAPTER TYPE "N" TO RG-17/U CONNEC-
TOR  ..   $5.50 

F-29/SPR-2 HIGH PASS FILTER P/O AN/APR. 
SAX. TYPE "N" CONNECTORS  $12.50 

Magnetron coupling to 1/4  rigid coax  $5.00 ea. 
Hand pumps for pressurizing transmission line 
with humidity indicator   $12.50 ea. 

MARINE RADAR 

SO-I AND 50-8 RADAR SETS, Complete, in 
Used but Excellent Condition. 10 CM Surface 
Search using 2126 or 2127 Magnetron, 707B Mixer, 
PPI Indicator, Input 115VDC. Used on Mer-
chant Ships throughout the world. FCC Ap-
proved. Guaranteed, $1260.00. 

TEST EQUIPMENT 

15-2611/U crystal test set for 
checking  IN21,  IN2IA, 
I N218,  1N23,  I N23A 
1N23B crystals. New $35.00 

TS-117GP  10 CM  WAVE-
METER TEST SET.  Mfg. 
"Sperry". 2400-3400 MC. 
Micrometer  Adj,  Co-
axial Cavity. Freq. Mean 
by absorption or trans-
mission method. Mounts 
Crystal Current Meter & 

Calib. Chart   $145.00 
VS WR AMPLIFIER 15-12/AP. Unit 1 3 stages 
of Amplif.  and  Diode  Rectifier w/direct 
VS ,R. reading on meter. 115 volts 60 cyc. AC 
operation w/Inst. BK and (CT diag. New 

$235.00 
SLOTTED LINE PROBE and Matched Termina-
tion incld'g Accessories TS-12/AP Unit 2 incl. 
UG8I/U, CG92/U, CG9I/U, CG89/U, UG79/U, 
CG87/U, MXI58/U, CG-88/U, CG/90U, UG/80U 
plus Tools. New  $135.00 

COMPLETE 15-I2/AP UNITS I AND 2  $350.00 
10 CM ECHO BOX CABV 14A8A-1 of OBU-3. 
2890 MC to 3170 MCS, direct reading micro-
meter head. Ring prediction scale plus 9%, to 
minus 9%. Type "N" input. Resonance indi-
cator meter. New and Comp. w/access. Box 
and 10 CM Directional Coupler  $350.00 

3 CM RECEIVER. SO-3. Complete with W.G. 
Mixer Assy (723 A/B) Reg. Fil, POWCf Supply. 
6 Stages IF (6AC7)  $99.50 
10 cm. horn assembly consisting of two 5" dishes 
with dipoles feeding single type "N" output. 
Includes UG28/U type ''N" "T" junction and 
type "N'' pickup probe. Mfg. Bernard Rice. 
RGH/U cable. New  $15.50 ea. 

10 cm. cavity type wavemeters 6" deep 61/4" 
in diameter. Coax. output. Silver plated 

$64.50 ea. 
10 cm, echo box. Part of SF-I Radar with 115 
volt DC tuning motor Sub Sig 1118A $47.50 ea. 

1533AP  WAVEMETER.  MICROMETER  ADJ. 
TYPE ''N" FITTINGS   $125.00 

THERMISTOR BRIDGE: Power meter 1-203-A. 
10 cm. mfg. W.E. Complete with meter, inter-
polation chart, portable carrying case  .572.50 

W. E. I. 138. Signal generator. 2700 to 2900 Mc. 
range. Lighthouse tube oscillator with attenua-
tor & output meter. 115 VAC input, reg. Pwr. 
supply. With circuit diagram  $50.00 

3 cm. Wavemeter: 9200 to 11,030 mc, transmis-
sion type with square flanges  $15.00 

3 cm, stabilizer cavity, transmission type  $20.00 
3 cm. Wavemeter, Micrometer head mounted on 
X-Band guide. Freq, range approx. 7900 to 
10,000 Mc  $75.00 

TS-238 GP. 10 cm. Echo box with resonance in-
dicator and micrometer adjust cavity, 2700 to 
2900 Mcs calibrated as shown .....  $85.00 

Bell Labs. Dual Mount mixer-beacon assemblies. 
2 complete mixer-beacon mounts on gold 
plated waveguide section  •  $50.00 

"X" band klystron mount, shielded with roug', 
attenuator output  ......  $65.00 

TS-108A/P DUMMY LOAD   $65.00 
3 CM. HORN AT-48/UP Model 71D Tie' 'N 
input. Hvy. Silver Plated ....  $6.50 1 

MICRO WAVE ANTENNAS 
50-3 RADAR  3 CM, SURFACE 
SEARCH ANTENNA. Complete 
with 24 VDC Drive Motor, ScIsyn 
Gear  Mechanisms,  "X"  Band 
Slotted "Peel" Reflector. Less 
Plumbing  $136.00 
As Shown 

APS-15 Antennas. New  $99.50 
AN MPG-1 Antenna. Rotary feed 
type high speed scanner antenna 
assembly, including horn para-

bolic reflector. Less internal mechanisms. 10 
deg. sector scan. Approx. 12'L x 4'W x 3'H. 
Unused. (Gov't Cost-54500.00)  $250.00 

APS-4 3 cm. antenna. Complete. 141/2  dish. Cut-
ler feed dipole directional coupler, all stan d. 
ard 1" X V2 waveguidc. Drive motor and gear 
mechanisms for horizcntal and vertical scan. 
New,  complete   $65.00 

AN/TPS3. Parabolic dish type reflector approx. 
10' dam. Extremely lightweight construction. 
New in 3 carrying cases  ...  $89.50 

RELAY  SYSTEM  PARABOLIC  REFLECTORS. 
approx. range: 2000 to 6000 cc  s, 
4' a 3' rectangle now  $35.00 

TDY "JAM" RADAR ROTATING ANTENNA. 10 
cm. 30 deg. beam. 115 v.a.c. drive. New 

5100.00 
50-13 ANTENNA, 24" dish with feedback dipole 
360 deg, rotation, co , ;  th drive motor 
and selsyn. New  ..$126.00 
Used   $45.00 

DBM ANTENNA. Dual, back t . r.i • parabolas 
with dipoles. Freq. coverage 1,000 4,500 mc. 
No drive mechanism   $65.00 

ASI25/APR Cone type receiving antenna, 1080 to 
3208 megacycles. New  $4.50 

140-600 MC. CONE type antenna, complete with 
25' sectional stcc'  i,*  ..s cables, carrying 
case, etc. New  ..... .$49.50 

ASD 3 cm, actcr,u,  ,syd,  cond.  ... $49.50 
YAGI ANTENNA AS-46A, APG-4, 5 elements 

$14.50 ea. 
R. F. EQUIPMENT 

LHTR, LIGHTHOUSE ASSEMBLY. Part of RT-
39/APG-5 & APG•15. Receiver and Transmitter 
Lighthouse Cavities with assoc. Tr. Cavity ard 
Type N CPLG. To Rcvr. Uses 2C40, 2C43, IB27. 
Tuneable APX 2400-2700 MCS. Silver plated 

  $49.50 
Receiver transmitter. Rt-39A/APG•5 10 cm. gun 
laying RF j aciage using 2C40 and 2C43 new 

$150.00 ea. 
APS-2 IOCM RF HEAD COMPLETE WITH HARD 
TUBE  (7156)  Pulser,  714  Magnetron,  4I7A 
Mixer all 7/8" rigid coax, incl. rcvr, front end 
  $210.03 

Beacon lighthouse cavity 10 cm with miniature 
28 volt DC FM motor. Mfg. Bernard Rice 

$47.50 ea. 
T-128/APN-19 10 cm. radar Beacon transmitter 
package, used, less tubes .  $59.50 ea. 

50-3 "X" banc 3 cm RF package, rew co, 
plete, including receiver unit as illustrated o' 
Page 337, Volume 23 RAD LAB Series 
 $375.00 ea. 

Pro-amplifier cavities type ''M" 7410590GL to 
use 446A lighthouse tube. Completely tunable, 
Heavy silver plat,.(1 construction ..537.50 ea. 

R132/APS 6A RF HEAD. Compl.. with 725A 
Magnetron magnet pulse xfmr. IRA-AIR, 723 
A/8 local osc. and beacon mount. Ore am" 
ploficr. Used but exe. cond.   $97.50 

AN/APS-I5A "X" Band compl. RF head and 
modulator, incl. 725-A magnetron  an d mag-
net, two 723A/8 klystrons (local osc. & bea-
con), 1824, TR, rcvr-annpl. duplexer, HV sup• 
ply, blower, pulse xtmr. Peak•Pwr Out: 45 
KW apx. Input: 115, 400 cy. Modulator pulse 
duration .5 to 2 micro•sec. apx. 13 KV Pk 
Pulse. Compl, with all tubes incl. 715-8 8298, 
RKR 73, two 72's. Compl, pkg.. new .1210.00 

APS-15B. Complete pkg. as above, less mod u-
lator  $150.00 

"S"BAND AN/APS-2. Complete RF head and 
modulator, including magnetron and magnet, 
417-A mixer, TR, receiver, duplexer, blower, 
etc., and complete pulser. With tubes, used, 
fair condition  $75.00 
10 CM, RF Package. Consists of: SO Xmtp-re-
ceiver . using 2127 magnr.•-  villator. 250 
KW peak input. 707-B rc  •er  $15000 

WRITE FOR 
LATEST FLYER 

ALL MERCHANDISE GUARANTEED. MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.0 B. 

NEW YORK CITY. SEND MONEY ORDER OR CHECK ONLY. SHIPPING CHARGES SENT 
C.O.D. RATED CONCERNS SEND P. 0. MERCHANDISE SUBJECT TO PRIOR SALE 

CO M M U NICATIO NS EQ UI P ME NT CO. 
131 "1 B" Liberty St., New York, N.Y.  Cable "Comsupo" Ph. Digby 9-4124 
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3 CM RECEIVER 

SO-3. Complete With 
W.G. Mixer Assy (723 
A/B) Reg. Fil. Power 
Supply,  6 Stages  IF 
(6AC7)  $99.50 

3 CENTIMETER 
(STD. I" x 1/2 " GUIDE, UNLESS OTHERWISE 

SPECIFIED) 
3 cm. 180° bend with pressurizing nipple .... 
  $4.00 ea. 

3 cm. 90° bend. 14" long 90° twist with prcs• 
surizing nipple  $4.00 ea. 

3 cm. "5" curve 18" long  $5.50 ea. 
3 cm. "S" curve 6" long  $3.50 ea. 
3 cm. right angle bends. "E" plane 18" long 
cover to cover  $6.50 ea. 

3 cm. Cutler feed dipole. 11" from parabola 
mount to feed back  $8.50 ea. 

3 cm. directional coupler. One way waveguide 
output  $15.00 ea. 
ATR section for mounting 1824 with 721A AIR 
cavity. Iris coupling flange. Choke to choke 
 $12.50 ea. 

APS-3I mixer section for mounting two 2K25's 
Beacon reference cavity 1824 TR tube. New  „ 
and complete with attenuating slugs $42.50 ea. 

DUPLEXER SECTION for 1824  $10.00 
CIRCULAR CHOKE FLANGES, solid brass  .55 
SQ. FLANGES, FLAT BRASS  ea.  .55 
APS-I0 TR/ATR DUPLEXER section with addi-
tional iris flan ge   $10.00 
FLEX. WAVEGUIDE  S4.00/Ft. 
TRANSITION 1 x I/2 to 11/4 k sifs, 14 in. L ..$8.00 
"X" BAND PREAMPLIFIER, consisting of 2-723 
A/B local oscillator-beacon feeding wave-
guide and TR/ATR Dupleker sect, inc. 60 mc 
IF amp  $42.50 

Random Lengths wavegd, 6" to 18" Lg. $1 10 Ft. 
WAYEGUIDE RUN, 11/4 " x 1/2 " guide, consisting 
of 4 ft. section with Rt. angle bend on one 
end 2" 45 deg. bend other end  $8.00 

WAYEGUIDE RUN, 11/4 " x 1/2 " guide, consisting 
of 4 ft. long  $10.00 
"X" BAND PRESSURIZING gauge section w/I5-
lbs. gauge & Pressurizing Nipple  $18.50 

45 DEG. TWIST 6" Long  $10.00 
ROTARY JOINT with slotted section and type 
"N" output pickup  $17.50 

WAYEGU1DE SECTION, 12" long choke to cover 
45 deg. twist & 21/2 " radius, 90 deg. bend $4.50 

SLUG TUNER/ATTENUATOR, W.E. guide, gold 
plated  $6.50 

TWIST 90 deg. 5" choke to Cover w/press nip-
ple  $6.50 

WAYEGUIDE SECTIONS 21/2 ft. long silver 
plated with choke flange  $5.75 

ROTARY JOINT choke to choke  $17.50 
ROTARY JOINT choke to choke with deck 
mounting     $17.50 

3 cm. mitred elbow "E" plane unplated.... 
 $6.50 ea. 

SCM. 
r x 1" RT. ANGLE BEND CHOKE TO COVER. 
SILVER PLATER   138.50 

WAVEGUIDE MIXER 'V-12A/APR-6  $55.00 
RAPID W. G. FASTENING CLAMPS  .$5.00 

Tube 
2J3I 
2121-A 
2122 
2126 
2127 
2132 
2137 
2138 Pkg. 3249-3263 mc.  5 KW. 
2139 Pkg. 3267-3333 mc.  87 KW. 
2140  9305-9325 mc.  10 KW, 
2149  9000-9160 mc.  58 KW. 
2134 
2161  3000-3100 mc.  35 KW. 
2162  2914-3010 mc.  35 KW. 
3131  24,000 mc.  50 KW. 
5.130 
7I4AY 
718DY 
720BY  2800 mc.  1000 KW. 
720CY 
725-A  9345-9405 mc.  50 KW. 
730-A  9345-9405 mc.  50 KW. 
728  AY, BY, CY, DY, EY, FY, GY 
700  A, B, C, D 
706  AY, BY, DY, EY, FY, GY 
Klystrons.  723A/B $12.50; 7078 

W/Cavity 
417A $25.00  2K41 

MAGNETRONS 
Frq. Range  Pk. Pwr. Out 
2820.2860 mc.  265 KW. 
9345-9405 mc.  50 KW. 
3267-3333 mc.  265 KW. 
2992-3019 mc.  275 KW. 
2965-2992 mc.'  275 KW. 
2780-2820 mc.  285 KW. 

Price 
$25.00 
$25.00 
$25.00 
$25.00 
$25.00 
$25.00 
$45.00 
$35.00 
$35.00 
$65.00 
$85.00 
$55.00 
$65.00 
$65.00 
$55.00 
$39.50 
$25 00 
$25.00 
$50 00 
$50 00 
$25.00 
$25 00 
$50 00 
$50 00 
$50.00 
$20.00 

$65.00 

COMMUNICATIONS 
EQUIPMENT CO. 

131 "1 8" Liberty St., New York, N.Y. 

MAGNETRON MAGNETS 

Gauss  Pole Diam.  Spacing 
4850  3/4 in.  1/4 in. 
5209  21/32 in.  3/4 in. 
1300  1% in.  I 5/16 in. 
1860  11/4 in.  11/2 in. 

Price 
$12.50 
$17.50 
$12.50 
$14.50 

Electromagnets for magnetrons  $24.50 ea. 

TUNABLE PKGD. "CW" MAGNETRONS 
OK 61 2975-3200 mc.  OK 62 3150-3375 mc. 
OK 60 2800-3025 mc.  OK 59 2675-2900 mc. 
New, Guaranteed  Each $65.00 

PULSE EQUIPMENT 

PULSE TRANSFORMERS 
G.E.K.-2745   $39.50 
G.E.K.-2744-A. 11.5 KV High Voltage, 3.2 KV 
Low Voltage @ 200 KW oper. (270 KW max.) 
I microsec. or 1/4 microsec. @ 600 PPS $39.50 

W.E. :0166173 Hi-Volt input transformer, W.E. 
Impedance ratio 50 ohms to 900 ohms. Freq. 
range: 10 kc to 2 mc. 2 sections parallel con-
nected, potted in oil  $36.00 

W.E. KS 9800 Input transformer. Winding ratio 
between terminals 3-5 and 1-2 is 1.1:1, and 
between terminals 6-7 and 1-2 is 2:1. Fre-
quency range: 380-520 c.p.s. Permalloy core 
  $10.00 

G.E. :K2731 Repetition Rate: 635 PPS, Pri. Imp: 
50 Ohms. Sec. Imp: 450 Ohms. Pulse Width: 
1 Microsec. Pri. Input: 9.5 KV PK. Sec. Out-
put: 28 KV PK. Peak Output: 800 KW. Riflar 
2.75 Amp.  $64.50 

W.E.  :0169271 Hi Volt input pulse Trans-
former  $27.50 
G.E. K2450A. Will receive I3KV. 4 micro-second 
pulse on pri., secondary delivers I4KV. Peak 
power out 100KW G.E  $4.50 

G.E. :K2748A. Pulse Input, line to magnetron 
  $36.00 
9280 Utah Pulse or Blocking Oscillator XFMR 
Freq. limits 790-810 cy-3 windings turns ratio 
1:1:1 Dimensions 1 13/16 x 11/4 " 19/32 ...$1.50 

PULSE NETWORKS 
15A-1-400-50: 15 KV, "A" CKT, 1 microsec., 
400 PPS, 50 ohms imp.  $42.50 

G.E. 56E3-5-2000-50P2T, 6KV. "E" circuit, 3 
sections, .5 microsecond, 2000 PPS, 50 ohms 
impedance  $6-50 

G.E. 8 3E 13-84-810; 8-2.24-405) 50P41; 3KV, "E" 
CKT Dual Unit: Unit I, 3 Sections. .84 Micro-
sec. 

810 PPS, 50 ohms imp.: Unit 2, 8 Sections, 2.24 
microsec. 405 PPS, 50 ohms imp.  $6.50 

7.5E3-1-200-67P. 7.5 KV, "E" Circuit, 1 microsec. 
200 PPS, 67 ohms impedance, 3 sections .$7.50 

7.5E4-16-60.67P. 7.5 KV, "E" circuit, 4 sections, 
16 microsec. 60 PPS, 67 ohms impedance $15.00 

7.5E3-3-200-6PT. 7.5 KV, "E" Circiiit, 3 microsec. 
200' PPS, 67 ohms imp., 3 sections  $12.50 

DELAY LINES 

0-168184: .5 microsec. up to 2000 PPS, 1800 ohm 
term.   $4.00 
0-170499: .25/.50/.75. microsec. 8 KV. 50 ohms 
imp.  $16.50 

0-I65997: 11/4  microsec.  $7.50 

MODULATOR UNIT BC 1203-B 

Provides 200-4,000 PPS, Sweeptime: 100 to 2,500 
microsec. in 4 steps fixed mod, oulse, sup-
pression  pulse, sliding modulating  pulse, 
blanking voltage, marker pulse, sweep volt-
ages, calibration voltages, fil. voltages. Op-
erates 115 vac. 50-60 cy. Provides various 
types of voltage pulse outputs for the modu-
lation of a signal generator such as General 
Radio :8048 or :804C used in depot bench 
testing of SCR 695, SCR 595, and SCR 535. 
New as shown  $125.00 

MIT. MOD. 3 HARD TUBE PULSER: Output 
Pulse Power: 114 KW (12 KV at 12 amp.). 
Duty Ratio: .001 max. Pulse duration, 5. 1.0 2.0 
microsec. input voltage: 115 v. 4011 to 2400 
cps. Uses 1-715-13, I-829-B, 3-'72's, 1-73. New 
  $110.00 

APO-I3 PULSE MODULATOR. Pulse Width .5 
to 1.1 Micro. Sec. Rep. rate 624 to 1348 Pps. 
Pk. pwr. out 35 KW. Energy 0.018 Joules 
  $49.00 

TPS-3 PULSE MODULATOR. Pk. power SO amp. 
24 KV (1200 KW ph): pulse rate 200 PPS, 1.5 
microsec., pulse line impedance 50 ohms. Or-
cuit-series charging version of DC Resonance 
type. Uses two 705-A's as rectifiers. 115 v. 400 
cycle input. New with all tubes  $49.50 

APS-10 MODULATOR DECK. Complete, less 
tubes   $75.00 

APS-10 Low voltage power supply, less tubes 
  $18.50 

BC I277A Sig. Generator  $30000 
APR4. Receiver 300-2000 mc.  $47500 
CPD 10137 Dehydrating Unit  $425.00 
APR5A. Complete antenna. 10 cm wave-
guide  $18500 

Sylvania 10 cm. Sig. Generator using 7078 
W/WG below cutoff attenuator . $325.00 

(Continued from page 45A) 

Niemann. L. H., Sylvania Electric Products Corp.. 
500 Fifth Ave., New York 18, N. Y. 

Orlowski. E., 4755 N. Malden Ave., Chicago 40. 

Palester, J. J., 68-36 Burns St., Forest Hills, L. I., 
N. Y. 

Richards. C. I., 2321 Rosemont Ave., Chicago 45, 
111. 

Rollick, W. 13.. 1001 Knollwood Ave., Winston-
Salem. N. C. 

Rymas. S. J.. 2911 W. 40 St., Chicago 32. III. 
Salapatek. F. C., 12821 Winchester St., Blue Island, 

Sandor, J.. 7818 Goll Ave., N. Hollywood. Calif. 
Sargent, H. P., Jr., 301 Warren St., Needham 92, 

Mass. 
Shepherd, L., 330 E. Howard St., Albuquerque, N. 

Mex. 
Showalter. R. L.. 2035 W. 259 Pl.. Lomita. Calif. 

Siegel. S.. 5050 N. Broadway. Chicago 40, Ill. 
Skoff. J., Jr., Box 119A, St. Clairsville, Ohio 
Smith, E. L., Jr., 3448 Caton Ave.. Baltimore 29. 

Md. 
Stanonis, A. F., 4837 Wright Terr., Skokie, Ill. 
Stevens. T. E., 350 Stanton St.. Pasadena 3, Calif. 
Strom, L. D., 57-45 225, Little Neck, L. I., N. Y. 
Strong, E. H., 187 Kelley St., Manchester. N. H. 
Stubner, J. W., 2116 Grove St., Glenview, Ill. 
Stumpers, F. L. H. M.. 7 Nachtegaallaan, Eind-

hoven. Holland 
Sugimoto, J., 1420 N. Larrabee, Chicago 10. III. 
Sullivan, J. L.. 5123 Fulton St.. Chicago. III. 
Surprenant. A., 81 Newton St., West Boylston, 

Mass. 
Swanson. W. G.. 5263 W. North Ave.. Chicago .39, 

Titus. R. W., 2722 N. Wayne Ave.. Chicago 14, Ill. 
Tyberg. A. H.. 2716 W. Eighth St.. Cincinnati 5, 

Ohio 
Veronica, D. J.. 45 Nevada Ave.. Buffalo. N. Y. 
Walcher, J. F.. 1525 Maple Ave., Wyoming, Ohio 
Warner, W. V., 112 Orchid Rd., Levittown, Hicks-

ville. N. Y. 
Warren, R. M., 87 Bay State Rd., Arlington 74. 

Mass. 
Weber, M. E., 5625 Eskridge St., Houston 3. Tex. 

Weinsheimer, W. E., 836 Chalker St., Akron 10, 
Ohio 

Werner. W. F., 72 St. James Pl.. Brooklyn 5, N. Y. 
West, R. E., 1638 Kepzie Ave., Chicago 47, Ill. 
White, S. A. A., 74 Huron Ave.. Cambridge, Mass. 

Wisner, C. V., Jr., 6726 S. Oglesby Ave., Chicago, 
111. 

Wodzinsky. W. T.. 202 Broadway St.. Carnegie, 
Pa. 

Womack, R. H.. I24A Grosvenor, Inglewood, Calif. 
Zawada, J. 13.. Chicago Technical College, 2000 S. 

Michigan Ave., Chicago, Ill. 

News-New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE. affiliation. 

(Continued from page 24.4) 

Recent Catalogs 
• • • A new 49-page catalog in color de-
scribing their complete line of relays, 
classified according to purpose and by con-
tact ratings, by Leach Relay Co., 5915 
Avalon Blvd., Los Angeles 3, Calif. 

• • • A listing of over 400 transformers and 
related components has just been released, 
and is available to interested firms, by 
Standard  Transformer  Corp.,  Elston, 
Kedzie & Addisons Sts., Chicago 18, Ill. 

(Continued on page 484) 
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electronic voltage regulators News—Ne w Products 

MAXIMUM ACCURACY 
by sorensen  

MINIMUM DISTORTION • FREQUENCY INSENSITIVITY 

S  MCA A 
.•• se 
mi  a. = n 

Standard AC: 

Model in VA Capacity 150 
500 

250 
1000 

2000 
3000 

5000 
10000 
15000 

Regulation — Basic 0.5 % 0.2 % 0.2 % 0.5 % 
Accuracy — S 0.2 % 0.1 % 0.1 % 0.2 % 
Harmonic — Basic 5% max 5% max 5% max 5% max 
Distortion — S 3% max 2% max 3% max 3% max 

ge V -i25 VAC also available for 190-250 VAC single phase 50-60 
cycles 

Output voltage  adjustable between 110-120; 220-240 in 230 VAC models 

Load range  From 0.1 load or no load ("0" models) at rated accuracy 

P.F. range Down to 0.7 P.F. all S models temperature compensated   

NOTE: Regulators can be hermetically sealed 

Stan ard DC: 
'Output voltage  

**Load in amperes 

Input voltage 

6 12 

5-15-40-100  I 5-15-50 
28 

5-10-30 

48 

15 

125 

5-10 
95-125 VAC single phase 50-60 cycles: adapter available for 
230 VAC operation 

Regulation 
Accuracy 

0.25 % from '4 (or no load in "0" models) to full load 

Ripple 
voltage RMS Max 

1% 

Recovery  0.2 secorids — value includes charging time of filter circuit for 
time the most severe change in load or input conditions   
• Adjustable +10 %, —25 % 

•• Individual models identified by indicating output voltage first then amperes. 
Example: E-6-5  6 VDC  5 amperes 

SPECIALS Your particular requirements can be met by employing the 
ORIGINAL SORENSEN CIRCUIT in your product or application. SORENSEN 

REGULATORS can be designed to meet JAN specifications. SORENSEN engin-

eers are always available for consultation about unusual regulators to meet 

special needs not handled by THE STANDARD SORENSEN LINE. 

Whate icvt coot-Ale& la-era-eau 

,Eforensen and company, inc. 
375 Fairfield Ave., Stamford, Connecticut 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

, information. Please mention your I.R.E. affiliation. 

(Confirmed from page 47A) 

Interpolator for Uhf 
Measurements 

The Model 1110-A, Interpolating Fre-
quency Standard, designed for use with 
heterodyne frequency meters-in making 
measurements at uhf up to about 3,000 
Mc, is announced by General Radio Co., 
275 Massachusetts Ave., Cambridge 39, 
Mass. 

The manufacturing engineers claim 
that when it is used with a meter, whose 
accuracy is 0.1 per cent, the accuracy is 
increased to 0.001 per cent. The Model 
1110-A was designed for use with General's 
Type 720-A heterodyne frequency meter 
which has a range of 100 to 200 Mt-. Fre-
quencies up to 3,000 Mc are measured by 
using harmonics of the 720-A. 
An additional series of harmonics, 

based on 0.1 Mc fundamental, is also gen-
erated, for use with type 620-A meter, 
in measuring the range between 10 and 
300 Mc. 

Four- Way Air Valve 
A ne‘% line cit iour-v.ay air valves of the 

balanced piston type is announced by the 
Keller Tool Co., Grand Haven, Mich. 

rhe valve is actuated by poppet-type 
control buttons which exhaust air from 
either end of a balanced piston. The piston 
is used only as a means of operating a faced 
slide valve, which is the actual seal for 
directional control of the flow of air. 

A few of the new design features incor-
porated are: a slide valve of oil resistant 
rubber (which, the manufacturer claims, 
have sealing surfaces that improve with 
use); a stainless steel piston for moving the 
slide valve; all pipe connections are lo-
cated in the base, so that working parts 
are accessible without discpnnecting the 
air lines. 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

These air valves are available with 
i", and 1' pipe threads, with capacities of 
30, 90, and 350 cubic feet per minute, re-
spectively. 
They may be bench mounted, or as an 

integral part of a fixture with remote con-
trols. 

HF Voltmeter for TV, 
FM, and Radar 

A new type, MV-18A, vacuum-tube 
voltmeter, which measures rf voltage down 
to 1 millivolt at frequencies between 1 and 
200 Mc, has recently been developed by 
Millivac Instruments, P.O. Box 3027, New 
Haven, Conn. 

In the previously mentioned range, it is 
flat within 10 per cent. When used for 
higher frequencies, larger response cor-
rections have to be made. Range is 10 
microvolts to 2,500 Mc. 
For low-voltage measurements, the 

MV-18A uses germanium "pseudo-thermo-
cuples" as a detector, and a carrier type dc 
amplifier which converts the dc voltages, 
into meter readings. Up to 1,000 volts, 
regular crystal diode rectification is used. 
Direct TV and FM field-strength 

measurements, complete hf signal tracing 
through TV and FM receivers, at actual 
operating signal levels, and vhf and uhf 
laboratory research are applications of 
this new instrument. 

New AF Bridge 
The new Model 100 Bridger, an instru-

ment for bridging a vacuum-tube volt-
meter, distortion meter, and/or oscillo-
scope across any part of an af circuit 
through a shielded cable with none of the 
load of the meters or the cable on the 
circuit, is being marketed by Audio In-
strument Co., 1947 Broadway, New York 
23, N. Y. 
The Model 100 has an input impedance 

of 100 megohms in parallel with 6 mpf 
when using 3' shielded input. The output 
is 200 ohms with one side grounded. 
Voltage ratio: output/input is 0.98 

(-0.2db) up to 30 volts with a low-
capacity circuit, and up to 25 volts with 
regular shielded cable. This may be ex-

(Continued on Page 55A) 

ol'ee , 4S:fp 

— ON CONTACT PINS, TERMINALS, 

JACKS, SLEEVES AND INSERTS 

Many of these small metal parts used today 

are Bead Chain Multi-Swage Products. 

This advanced method of producing small 
solid or tubular metal parts is outstandingly 
efficient and economical for parts of about 
1/4" or less diameter and up to 11/2 " length. 
Tolerances are accurately maintained. Large 
quantity production is usually a factor to 
justify fitting-up costs. 

We are set-up to supply many standard items, 
and our Engineering Department is ready to 

cooperate in application of this process to 
special needs. Send for catalog. 

00000000 

THE BEAD CHAIN MANUFACTURING CO. 

60 Mountain Grove St., Bridgeport, Conn. 

NEW T. V. IDEAS 
NEED ACME ELECTRIC 
TRANSFORMER 12 404mance 

New engineering ideas, to ad-
vance the reception qualities 
of Television, need better than 

average transformer perform-
ance. Acme Electric engineers 
will assist your ideas by help-
ing you design a transformer, 

exactly in accordance with 
your needs. 

ACME ELECTRIC 
CORPORATI ON 

448 Water St  Cuba. N. V., U. S.A. 
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THE great majority of this country's successful men have 
reached their present position after many years with the same 

organization. Top men in major industries have generally been 
with their respective companies for many years before they gained 
the knowledge and experience necessary to equip them for their 
present executive duties. On the other hand, those men who change 
their employment every two or three years are rarely in a position 
to be chosen for a responsible position. 

Every organization places trust in its "old-timers." The em-
ployee with ten, twenty, or more years of service has the complete 
confidence of both his superiors and subordinates. His familiarity 
with his duties is unquestioned, and his ability to complete a given 
task is recognized. 

If you are interested in a stable career holding ample oppor-
tunity for personal advancement, and are seriously interested in 
the field of Vacuum Tube Research, we would like to hear from 
you. Send your resume to: 

DIVISIONAL PERSONNEL MANAGER 

NATIOAAL union RESEARCH oluision 
350 SCOTLAND ROAD, ORANGE, NkW JERSE1 

PHYSICISTS 
AND 

ENGINEERS 

This expanding scientist-
operated organization offers 
excellent  opportunities  to 
alert physicists and engi-
neers who are interested in 
exploring new fields. We de-
sire applicants of Project 
Engineer caliber with ex-
perience in the design of 
electronic  circuits  (either 
pulse or c. w.), computers, or 
precision mechanical instru-
ments. This company special-
izes in research and develop-
ment work. Laboratories are 
located in suburbs of Wash-
ington, D.C. 

JACOBS INSTRUMENT CO. 
4718 Bethesda Ave. 

Bethesda 14, Maryland 

PROJECT 
ENGINEERS 

Real  opportunities exist  for 

Graduate Engineers with design 

and development experience in 

any of the following: Servo-

mechanisms, radar, microwave 

techniques, microwave antenna 

design, communications equip-

ment,  electron optics,  pulse 

transformers, fractional h.p. 

motors. 

SEND COMPLETE RESUME TO 

EMPLOYMENT  

SPERRY 
GYROSCOPE CO. 

DIVISION OP 

THE SPERRY CORP. 

GREAT NECK, LONG ISLAND 

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 refusel. 

PROCEEDINGS of the I.R.E. 

Enst 79th St.. New York 21, N.Y. 

RADIO ENGINEERS 

Outstanding opportunity with progres-
sive, rapidly growing company for radio 
engineers experienced in high frequency 
work. An interesting, attractive future as-
sured, but requirements of jobs must be 
paralleled by necessary skill. If you have 
a background of high frequency work, 
tell us about yourself in résumé giving 
education, experience and salary require-
ments. Plant located in New Jersey within 
communting dktance of Ncw York City. 
Box 569. 

ELECTRONICS TEACHER 

Electronics teacher to take charge of 
electronics option at accredited state land 
grant college in northwest. Salary to 
$4800.00 for nine months. Write giving 
picture, education, experience, references 
and complete personal data to Box 572. 

ELECTRICAL ENGINEER - PHYSICIST 

. Graduate electrical engineer or physi-
cist experienced in microwaves and servo-
mechanism for design and layout of 
electronic circuits. Write Chance Vought 
Aircraft, Division United Aircraft Corp., 
Box 5907, Dallas, Texas. 

INSTRUCTOR 

There will be an opening in September 
for an instructor to teach electronics, 
transmission line and wave guide theory. 
Salary depends on qualifications and is 
up to $5600.00 for nine months. Possi-
bility of later appointment at lower rank 
and salary. Box 573. 

ENGINEER 

Large active midwestern quartz crystal 
plant needs first class quartz crystal engi-
neer, well grounded in theory and with 
complete experience in manufacturing and 
testing procedures all types quartz units. 
Send complete detailed information on 
experience and background in first reply. 
Salary open. Our employees know of this 
ad. Box 574. 

TECHNICAL WRITER 

An opportunity for an experienced tech-
nical writer. Preferably an electrical en-
gineering graduate with experience in the 
field of electronic development. Research . 
laboratory located adjacent to Washing-
ton, D.C. Salary commeirsurate with ex-
perience. Box 576. 
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R-1744 - AC-406 - CR-17211  AC-I07 . CR-1745 - AC-401 - CR 1741 - AC-409 - CR 17 

*  * * 

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 
decline any announcement without assign-
ment of reason. 

ELECTRONIC ENGINEER 
B.S.E.E. June 1949, Polytechnic Insti-

tute of Brooklyn. Single. 2 years experi-
ence as Navy electronic technician. Mem-
ber Tau Beta Pi, Eta Kappa Nu. Desires 
position in electronic field; New York 
metropolitan area preferred. Box 265 W. 

FIELD SALES ENGINEER 
B.S.E.E.  commtinications  major.  5 

years experience in microwave, radar, and 
general communication equipment. Also 
some aircraft and electronic control ex-
perience. Finest references. Box 266 W... 

COMMUNICATIONS ENGINEER 

B.S.E.E. June 1949, University of Min-
nesota, communications major. Age 25. 
Married, no children. 2 years experience 
GCA and other radar, 2 years airline 
radio and telephone work. Desires po-
sition with future in TV or electronics. 
Box 267 W. 

TELEVISION ENGINEER 
Graduated American Television Insti-

tute of Technology with B.S.T.E. Age 
22. Single. Desires position in design and 
development work in vicinity of Boston, 
Mass. Box 269 W. 

ENGINEER 
June 1949 honor graduate of leading 

midwest engineering college. B.S.E.E. 
Harvard-M.I.T. radar course. 3 years 
experience as research and development 
officer. MOS 7050. Experience with elec-
tronic bombing computers and telephone 
subs. equipment. Tau Beta Pi, Eta Kappa 
Nu-President, Student AIEE. Prefer 
connection with quality conscious firm in 
southwest U.S.A. Box 270 W. 

ELECTRONIC ENGINEER 
Ex-flying officer. Industrial engineering 

and electronic engineering background. 
Both research and development and manu-
facturing experience on airborne radar, 
television and guidance systems. Schools 
-NCE, University of Dayton, Harvard, 
Columbia and M.I.T. Box 271 W. 

TELEVISION ENGINEER 
Graduated American Television Insti-

tute of Technology January 1949 with 
B.S.T.E. Age 23. 1st class FCC license. 

(Continued on page 524) 
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Bun HAS YOUR NUMBER 
IN  CABINETS AND  RACKS 

R-1740 - AC-_403_ -  CR.1742 -  421  - CP-1739  AC 404 - CR 1743 . AC-422 - CR:172 

In response to wide spread demand Bud has now augmented its already large line 
of Deluxe Cabinet Racks and Aluminum Chassis by the addition of several new 
sizes. The table below lists these new sizes as well as the old ones. Now, more than 
ever. Bud is able to meet your needs in sheet metal as well as other radio and 
electronic components. 

•  •  •  • 

BUD DE LUXE CABINET RACKS 
These cabinet racks have rounded corners and at-
tractive red-lined chrome trim. There is a recessed, 
hinged door on the top with a snap catch. These racks 
are made of heavy gauge steel and are of sturdy con-
struction. The five large glees have a hinged rear door. 
while the small sizes have a welded panel in the rear. 
Adequate ventilation is assured by means of louvered 

sides and a two inch opening In the bottom of the 
back extends the entire width. 
"NO-SCRATCH" EXTENDED METAL FEET ARE 

EMBOSSED ON THE BO TTOM TO MINIMIZE MAR-
RING OF A TABLE TOP, Racks are furnished in 
either black or grey wrinkle finish. Depth 14 1/2 ", width 
22". Will fit standard 19" panels. 

Catalog  Overall  Panel  Shipping  Dealer 
No.  Height  Space  Wt.  Cost 

CR-1741  10 9/18"  8%"  29 lbs.  $10.05 
CR-1740  12 5/16"  101/2 "  31 lbs.  11.32 
CR-1742  14 1/16"  121/2 "  32 lbs.  12.25 
CR-1739  15 13/16"  14"  36 lbs.  13.85 
CR-1743  19 5/16"  17 %"  40 lbs.  16.77 
CR-1727  22 13/16"  21"  45 lbs.  18.00 
CR-1744  28 3/16"  261/2 "  50 lbs.  19.20 
CR-1728  37 7/16"  31%"  55 lbs.  21.20 
CR-1745  36 13/16"  35"  60 lbs.  21.57 

BUD ADD-a-RACK SERIES 

Write for literature on this newest Bud 
product. Find out how you can get more 

panel space in less floor area at lower cost. 

•  •  • 

BUD ALUMINUM CHASSIS 
The  construction  and  design  of  these  chassis  Is 
exactly the same as our steel chassis. The aluminum 
chassis are welded on government approved spot weld-
ers that are the same as used in the welding of 
aluminum airplane parts. The gauges in table below 
are aluminum gauges. As a result, you can depend 
on BUD Aluminum Chassis to do a perfect job. 
Etched Aluminum finish. 

Catalog 
Number 
AC-402  5"  7"  2"  18 
AC-403  5"  9%"  2"  18 
AC-421  5"  9%"  3"  18 
AC-404  5"  10"  3"  18 
AC-422  5"  13"  3"  lfi 
AC-405  5"  7"  2"  18 
AC-406  7"  8"  2"  18 
AC-407  7"  11"  2"  18 
AC-408  7"  12"  3"  18 
AC-409  7"  13"  2"  18 
AC-41I  7"  15"  3"  16 
AC-423  7"  17"  3"  16 
AC-424  8"  12"  3"  16 
AC-425  8"  17"  2"  16 
AC-412  8"  17"  3"  16 
AC-4I3  10"  12"  3"  16 
AC-414  10"  14"  3"  16 
AC-415  10"  17"  2"  16 
AC-416  10"  17"  3"  16 
AC-426  11"  17"  2"  14 
AC-417  11"  17"  3"  14 
AC-418  12"  17"  3"  14 
AC-419  13"  17"  2"  14 
AC-420  13"  17"  14 
AC-427  10"  17"  4"  14 
AC-428  18"  17"  4"  14 

Prices are  higher west of the Mississippi River. 

•  Atits  THESE ARE SO ME OF THE 1274  ITE MS  
AVAILABLE FRO M BUD RADIO. IIVC. 

3" 

Dealer 
Depth  Width  Height  Gauge  Cost 

.69 

.81 

.89 

.99 

.93 

.81 

.90 

.96 
1.14 
1.02 
1.68 
1.43 
1.38 
1.52 
1.77 
1.44 
1.92 
1.80 
2.04 
1.89 
2.40 
2.52 
2.25 
2.67 
2.36 
3.05 

RESEARCH OPPORTUNITIES AT WESTING-

HOUSE IN TELEVISION 

Physicists and electronic engineers needed for an extensive 

project at Westinghouse Research Laboratories in Pittsburgh. Ex-

cellent opportunities for specialists in optics, electron-optical de-

vices, phosphors, photo surfaces, systems and circuits. 

For application write Manager, Technical Employment Westing-

house Electric Corp., 306 Fourth Ave., Pittsburgh, Pa. 
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DESIGN TIPS FROM CHIEF ENGINEER FLEXY — Positions Wanted  

1:ERE.S HOW TO PU 

VARIABLE ELEMENTS 

WHERE YOU WANT 
THE M 

4 . 4 ‘ k, 

M AKES IT 

RIGHT 

"This diathermy unit is a good example. A vari-
able element in the circuit is mounted down in 
back. It had to be placed there to get optimum 
circuit efficiency and to simplify wiring. But that 
was no place for the co'ntrol knob—which, of 
course, had to be up where it was easy to get at. 
Nothing to it. With an S.S. White remote control 
flexible shaft it was a simple matter to put the con-
trol where it was wanted. 

"So my tip is, 'Remember 

S.S. WHITE 
FLEXIBLE SHAFTS 

when  you're  designing  electronic 
equipment.' They let you place both 
the variable elements and their con-
trols anywhere you want them. And 
remember, too, they provide velvety-
smooth jump-free operation because 
they're engineered and built just for re-
mote control." For the full story, 

WRITE FOR THIS FLEXIBLE SHAFT HANDBOOK 
Its 260 pages of facts and engineering data on 
flexible shaft application and selection sent on 
request. Write for it on your business letterhead 
and mention your position. 

SIWHITE INDUSTRIAL DIVISION  
THE S. S. WHITE DENTAL MFG. CO. 

G  10 EAST 40th ST., NEW YORK 16, N. V. 

FLEXIBLE SHAFTS AND ACCESSORIES 
MOLDED PLASTICS PRODUCTS—MOLDED RESISTORS 

52.x 

(Continued from page 514) 

2 years Army radio operator mechanic. 
Desires position as development or TV 
station engineer. Thorough understand-
ing of RCA and Dumont TV equipment. 
Box 272 W. 

ADMINISTRATIVE OR EXECUTIVE 
Retired Naval officer. M.S. Radio En-

gineering; Harvard 1928. Varied experi-
ence in charge reorganizing and operating 
major units Naval Communication Sys-
tem, radio procurement, electronics plan-
ning, radio stations maintenance, etc. De-
sires position as administrator or executive 
in communications, radio, or electronics, 
anywhere in U. S. Available immediately. 
Box 273 W. 

JUNIOR ENGINEER 
B.S. Radio Engineer, Chicago Technical 

College; Member Sigma Phi Delta, March 
1949. Age 23; single. Navy experience 
Electrical Maintenance Technician. De-
sires position with a good opportunity. 
Box 274 W. 

ENGINEER 
M.S.E.E. June 1949. California Insti-

tue of Technology; age 23; married. 2 
years Navy radio technician. Summer 
work in small motor design. Member Tau 
Beta Pi. Desires work in control or tele-
metering. Box 275 W. 

ELECTRONIC ENGINEER 
B.E.E. New York University 1948, elec-

tronics major. 1 year GE test experience. 
GE advanced course in engineering. In-
terested  electronic  control  equipment, 
servo-mechanisms; computers. New York 
Metropolitan area. Box 276 W. 

ENGINEER 
B.E.E. June 1949. Cooper Union. Age 

28. Married. 3 years electrical testing and 
inspection experience including supervi-
sion. 3 years Army Signal Corps as radio 
serviceman. Desires position with future. 
Box 277 W. 

EXECUTIVE ASSISTANT 
Business administration plus engineer-

ing training. M.B.A. University of Chi-
cago; B.S.E.E., B.S. (math), University 
of Michigan. Eta Kappa Nu. Single. Age 
26. Signal Corps technician; 1. year re-
search, production quality control experi-
ence. Desires job in medium size concern. 
Resume upon request. Box 278 W. 

ENGINEER 
B.S.E.E. September 1949, University of 

Florida. Age 30. Married. 2 years Navy 
radio-radar technician and school. 1 year 
Chief Engineer 250 watt radio station. 
Motor and power transformer experience. 
Interested sales or construction. Will 
travel anywhere. Box 279 W. 

JUNIOR ENGINEER - PHYSICIST 
51/2 years of physics, electrical engineer-

ing and electronics in Fordham University 
of Rochester, Harvard, M.I.T. 3 years 
Naval electronics officer; B.S. in physics, 
June 1949. Age 25; married; 1 child. De-
sires employment in electronic engineering, 
sales or development, anywhere, prefer-
ably west coast. Box 280 \V. 

SALES ENGINEER OR EXECUTIVE 
ASSISTANT 

Former assistant to Vice President of 
a world wide export organization invites 

ate oi Amed.e.4 Ah4A 1.4444',ea eateerfrtaus  (Continued on sage 534) 
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P ositions W anted   

(Continued from page 52A) 

inquiries from firms having need for ad-
dition to sales engineering staff or assistant 
to top executive. Young, energetic, widely 
traveled with a solid background of re-
search design and supervision in all phases 
of electrical and electronic equipment. 
Capable of handling sales, engineering, 
production and personnel. Box 281 W. 

ELECTRONICS ENGINEER 
Guided missile electronics engineer. 

Currently engaged in production engineer-
ing of guided missiles. 3 years experience 
in development of guidance and control 
equipment. 4 years radar development ex-
perience for Army. Graduate engineer 
with post-graduate school. Box 282 W. 

ENGINEER 
Graduate of American Television Insti-

tue of Technology,  May  1949 with 
B.S.T.E. Age 24. Single. Presently en-
gaged in post-graduate work in the U.H.F. 
field. Desires laboratory work in the New 
York City suburban area. Box 298 W. 

-vip NEER  " 
B.E.E., June 1049, Polytechnic Institute 

of Brooklyn, Tau Beta Pi, Eta Kappa Nu. 
Age 25. Married. 21,4 years in Army Sig-
nal Corps. Desires position in development 
or product engineering. Prefer New York 
location but will consider work anywhere 
in United States. Box 299 W. 

TECHNICAL WRITER 
Development engineer available for 

writing assignments in radio, television, 
and allied arts. Technical articles, instruc-
tion booklets and similar work treated with 
strictest confidence on commission basis. 
Box 300 W 

FIELD ENGINEER 
Currently engaged U.S.N. field engi-

neering. For past 9 years have been super-
vising crews for installation and mainte-
nance of Naval Radar, Sonar, V.H.F., 
Hy., and communication equipment (re-
ceivers and transmitters). Graduate of 
Naval Materiel School, Washington, D.C., 
B.S. in Applied Electronics, St. Louis 
University. Age 30. Married, 3 children. 
Available June 30, 1949. Box 301 W. 

ELECTRONICS ENGINEER 
B.S. in Radio Engineering, and gradu-

ate work in Electrical Engineering. For-
mer communications and fighter control 
officer. Desires research in electronics or 
electrical engineering. Married, 1 child. 
Location immaterial. Box 302 W. 

ENGINEER MANAGER 
Harvard M.S. in communication engi-

neering. Directed important and extensive 
wartime Loran project in Pacific. Recently 
Development Division Engineering Man-
ager. Desires permanent and responsible 
position with progressive organization. 
Box 303 W. 

RADIO ENGINEER 
-RAio Engineer, 24, single, Inter. B.Sc., 
3 years experience in electronic research 
and development, left England July, seeks 
position in electronic laboratory of Ameri-
can university with view of continuing 
study. Box 304 W. 

RADIO ENGINEER 
B.S. in radio engineering, one course 

to complete for B.S.E.E. Married, no 
children. Age 26. 21/2 years experience 
telephone carrier and VHF installation 

(Continued on page 54A) 

Positions Available for 

ELECTRONIC 
ENGINEERS 

with 

Development & Design 

Experience 

in 

MAGNETIC TAPE 

RECORDING 

MICROWAVE 

COMMUNICATIONS 

SONAR EQUIPMENTS 

Opportunity For Advancement 

Limited Only By Individual 

Ability 

Send complete résumé to: 

Personnel Department 

M ELPAR, INC. 
452 Swann Avenue 

Alexandria, Virginia 

NOTE 'THISiAlk 
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•  pREclION 'PRODUCED 

• PERFORM NCE PROVED 

SUPER ELECTRIC PRODUCTS CORP. 
Pacing Electronic Progress With Ingenuity 

1057 Summit Ave.. Jersey City 7. N. J. 

Pioneer in Radio Engineering Instruction Since 1927 CAPITOL RADIO ENGINEERING INSTITUTE 
Art Accredited Technical Institute 

ADVANCED HOME STUDY AND 
RESIDENCE COURSES IN 

PRACTICAL RADIO•ELECTRONICS 
AND TELEVISION ENGINEERING 

Request your free home study or resi-
dence school catalog by writing to: 

DEPT. 248-A 

16th and PARK ROAD N.W. 
WASHINGTON ID. D.C. 

Approved for Veteran Training } 

Radio and Radar Development 
and Design Engineers 
Openings for experienced men at 

HAZELTINE ELECTRONICS 
CORPORATION 

Little Neck,  N.Y. 

Please furnish complete resume of experience with salary expected to: 
Director of Engineering Personnel 

(All inquiries treated confidentially) 

PROCEEDINGS OF THE I.R.E.  August, 2949 
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seded 
TUNGSTEN 

WIRE 
• From .0004" to 

.00015" diameter 

and even smaller 

• Accurate 

• Uniform 

• Smooth 

Also available 

in Molybdenum 

and other metals 

• 

Write for 

Details and 

List of 

Products 

44 GOLD ST.  NE W YORK 

SI NCE 

1 

Positions kVanted 
(Continued Irons gage 534) 

and maintenance. Desires research or de-
sign position anywhere in United States. 
Box 305 W. 

TELEVISION ENGINEER 
Graduate American Television Institute 

of Technology May 1949 with B.S.T.E. 
Age 35, married, 1st class F.C.C. license 
5 years electrical maintenance, 3 years ra-
dar maintenance, 3 years radio servicing. 
Desires positions as TV station engineer. 
Prefer east or mid-west. Box 306 W. 

ELECTRONICS ENGINEER 
B.S. physics. Age 27. Married, no chil-

dren. 2 years industrial electronics research 
and development. Some guided missile de-
velopment. 3 years Army Radar develop-
ing  and  maintainance.  Anywhere  in 
United States, will also consider foreign 
position. Box 307 W. 

ELECTRONICS DESIGN ENGINEER-
ELECTRONICS INSTRUCTOR 

B.Sc. 1937 University of Chicago. Age 
32. Married. 3 years experience in design 
of radar equipment with eastern manu-
facturer. 21/2  years experience in Navy as 
radar maintenance officer.  Have had 
teaching experience in physics. Desires 
position as electronic design engineer in 
midwest, or electronics instructor in mid-
western college. Box 308 W. 

ENGINEER 
B.E.E. 1948 electronics option Georgia 

School of Technology. Age 22. 17/2 year,. 
electronic technician U. S. Navy. 1st class 
radio telephone F.C.C. license. 1 year in-
dustrial experience in design and develop-
ment of radar components. Member Eta 
Kappa Nu and Tau Beta Pi. Desires work 
in development. Box 309 NV. 

ELECTRONIC ENGINEER 
B.S. in E.E., with high distinction, Uni-

versity of Connecticut, June 1949. Experi-
ence: 1 year teaching, 4 years electronic 
technician. Age 28. Research or develop-
ment position desired. M. Cannizzaro, 22 
Division St., Waterbury, Conn. 

JUNIOR ENGINEER OR TECHNICAL 
WRITER 

B.S.E.E. June 1949 Illinois Institute of 
Technology. Single, age 23. Desires po-
tion in sales engineering or production in 
in United States. Willing to travel. 11/4 
years experience as Navy electronic tech-
nician, power plant operator, and electronic 
:nspector.  Excellent  references.  Box 
310 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. 

Recent Catalogs 
• • • The May issue of the Research 
Worker describes three popular types of 
power supplied for cathode-ray tube high 
voltage. This paper is printed by Aerovox 
Corp., New Bedford, Mass., from whom a 
subscription may be obtained by applica-
tion. 

ANNOUNCING A NEW 8" SPEAKER 
WITH A NEW HARD-HITTING RANGE 

LANSING SIGN OURE 

S V V kg11 
100 10 12,000 C.  S. 

P.   

WHERE QUALITY REPRODUCTION IS A 

"MUST" and space is at a premium—the 

Jim Lansing 8" Speaker answers the problem! 

High efficiency and good over-all perform-

ance. For improved radio, phonograph and 

custom television sound reproduction. De-

signed especially for commercial or industrial 

use. Ideal for music distribution and paging 

systems. At all better dealers and distributors. 

MODEL 0-1002 
Two-Way System 

For FM monitoring and 
high quality home sound 
reproduction. Console type 
cabinet. 

See your Jobber or write 
to, 

JAMES B. LANSING 
SOUND INC. 
2439 Fletcher Dri ,ie 

Los Angeles, California 
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News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 49A) 

tended to 250 volts by adding Model 104 
voltage divider, which has a 10 to 1 ratio. 

The cable capacity is almost balanced 
out by the circuit configuration, and al-
though the capacity is low, the cable re-
tains flexibility. 

Super Midget Relay 

A new low-cost super mdiget relay, 
Model SM, in which the magnetic circuit 
elements all perform multiple functions, 
permitting an appreciable reduction in size 
without loss of operating efficiency, has 
been designed  and  manufactured by 
Potter & Brumfield Sales Co., 549 W. 
Washington Blvd., Chicago 6, III. 

Dimensions of the open SM are r 
diameter, by 1-te over-all length. Wind-
ings available up to 3,400 ohms, permitting 
operation up to 75 volts dc with minimum 
sensitivity of 5 ma at 80 milliwatts. Maxi-
mum coil dissipation is 1.75 watts at 83°C 
rise. Contacts are silver, and rated at 2.5 
amperes for 100 operations, 1 ampere for 
50,000, or 0.25 amperes for continuous 
operation on 115 volt 60 cps noninductive 
load. 

In variance to the open type, the SM 
is available dust sealed in polystyrene 
5-pin plug-in enclosure, or hermetically 
sealed in glass with a miniature 7-pin tube 
base. The latter can be evacuated and gas 
filled if desired. 

(Continued on page 57A) 
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. . 
Electronic 

Frequency Meter 
Measures 

20 CI to 10 

The Type 838 Frequency Meter is a direct reading in-
strument designed to measure audio and supersonic 

frequencies from 20 to 100,000 cycles per second. The in-
strument has great laboratory and industrial utility in 
applications requiring either occasional or continuous 
frequency measurement in the above spectrum. A jack 
connection has been provided on the back of the instru-

ment for the use of an external recording milliammeter 
for applications where a continuous graphic frequency 

record is required. 

— Features — 

• Frequency range from 20 cycles to 100 KC. 
• Seven ranges available with an accuracy of 2% of full scale on 

all ranges. 

• Can operate on input voltage as low as 12 volt. 

• Large easy-to-read meter with illuminated dial. 

• Built-in voltage regulated power supply. 

• Indication on meter is substantially independent of input wave form. 

• May be used with an Esterline-Angus ink recorder to make per-

manent records of frequency runs. 

• Mounted on standard 51/4 " relay rack panel. 

Write for additional information 

Dept.IE-8 



1 
JK "AIRLIFT" SAVES 

DAY FOR AIRLINE 

A commercial airline urgently needed 
transmitter crystals so that their flight 
schedules would not be upset. 

Quick delivery of these crystals was made 
to the municipal airport the next morning 
by the James Knights Co. plane. Thanks 
to the speedy delivery, the airline plane 
was able to take off on its scheduled flight. 

James Knights Co. engineers have com-
plete correlation data for most airline 
equipment, and can meet correct specifica-
tions to fulfill your needs. 

In emergencies, you can count upon re-
ceiving the same spectacular service as the 
airline described above. 

The James Knights Co. can furnish sta-
bilized crystals to meet every ordinary-or 
special -need. 

New James Knights Catalog 

On Request 

74 JAMES KNIGHTS eta. 

SAND WICH, ILLINOIS 

Cg 1:1721357 MIlei 

TEKTRONIX 

TYPE 511-AD 

OSCILLOSCOPE 

TRANSIENT 
• 0" PHENOMENA? 

$8 4 5 00 

o.b. Portland, Ore 

Does your f eseut ch prob-

lem include the necessity 

for observation of steep 

fronted pulses, non-recur-

rent or non-sinusoidal 

wave 

Ihe Tektronix Type 

511-AD Oscilloscope 

!Irv, been designed spec, 

fically for coping with 

the ribipve requirement. 

Video Band Pos.; - 5 Cycles, 10 Megacycles. 
Amplifier Rise Time, .05 Microsecond. 
Video Signal Delay Network, 0.25 Microsecond 
Cont. Var. Triggered Sweeps, .1 Sec., 1. Microsec. 
All DC Regulated Against Line Voltage Chang 
Self Contained -  Total Weight 50 Pounds. 
Unusually Low Cost. 

Engineering sales rep ***** teflon in principal or 

Cables: TEXTRONIX, INC• 
712 S. E. Hawthorne Blvd. 

Tektronix  •  Portland 14, Orogen 

ait4 
air spaced aeticulated 
R.F. CABLES 

THE LOWEST EVER 
CAPACITANCE OR 
ATTENUATI ON 

• 
We ore specially organised 
to handle direct enquiries 
from overseas and can give 

IMMEDIATE DELIVERIES FOR U S A 

Billed in  Dollars. Settlement by your 
thick. Transaction as ',mpic al any local 
buy. 

• TRANSRADIO LTD 
CO N TR AC T O R S  T O  N. M.  GO VE R N ME N T 

13 8 A CROMWELL ROAD-LONDON 5W7 ENGLAND 

TRANIRAD 101cDON, 

56A 

LcrivAiroi IMMO 
TYPES  OPILIS 

Al 74 

Acceenes Old 1,oac AO- • 

SITES LOADING 
db1001* 
al WO M O   

1.7  0.11 

OD" 

0.36 
A2 74 1.3  0.24 0.44 
A 34 73  0.6  1.5 0.88 

101,1 OPEC 
TYPES 

CAPAC MAD dall " 
CAWS  Mo 0 D. 

Cl 

DC I 

CII  

C2 

C22 

C3 

C 33 

C44 

73 

10.2 

6.3 

6.3 

150  2.5 

132 

173 

171 

5.5  $84 
5.4  497 

4.8 220 

4.4  252 

3. 
3.2 

2.15 

2.8 

1.9 

2.4 

2.1 

0.36  

0.36  

0.36 

0.44 

0.44 

0.64 

0.64 

1.03 

$ "try tow avec/tone, 
COOXf 
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MEASUREMENTS 
CORPORATION 

Model 59 

2.2 mc. 
to 

400 mc. 

MEGACYCLE 
METER 

Radio's newest, multi-purpose instrument con-
sisting of a grid-dip oscillator connected to its 

power supply by a flexible cord. 

Check these applications: 

• For determining the resonant frequency of 
tuned  circuits,  ant  , transmission 
lines, by-pass condensers, chokes, coils. 

• For measuring capacitance, inductance, 

0, mutual inductance. 
• For preliminary tracking and alignment 

of receivers. 
• As an auxiliary signal generator; modu-

lated or unmodulated. 
• For antenna tuning and transmitter neu-
tralizing, power off. 
• For locating parasitic circuits and spurious 

resonances. 
• As a low sensitivity receiver for signal 

tracing. 

1  MANUFACTURERS OF 

Standard Signal Generators 
Pulse Generators 
FM Signal Generators 
Square Wars Generators 
Vacuum Tube Voltmeters 
UHF Radio Noise I Field 
Strength Meters 
Capacity Bridges 
Megohm Meters 

Phase Sequence Indicators 
Television and FM Test 

Equipment 

SPECIfICATIONS s 
Power Units VA" wide; 
We" high; 7'/a' deep. 
Oscillator  Units  33/4 " 
diameter, 2" deep. 

FREQUENCY: 
2.2 mc. to 400 mc.; 
s   plug-in coils. 

MODULATION: 
CW or 120 cycles; or 
external. 

POWER SUPPLY: 
110-120  volts,  50-60 
cycles; 20 watts. 

MEASUREMENTS CORPORATION 
BOONTON 181 NEW JERSEY 

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 5.5/0 

Decade Resistance Box 
A new Nlodel 10 decade power resist-

ance box, suitable for laboratory and test 
applications,  has been developed by 
Marma Electronic Co., 1632-36 N. Hal-
stead St., Chicago 14, III. (a new division 
of Fidelity Amplifier Co. of the same 
address). 

R. The manufacturer states that the com-
bination of power handling capacity, 2 per 
cent accuracy, and wide range afforded by 
a four-decade box makes it practical for 
replacing the accurate 4 per cent type 
used as standards, as these cannot be sub-
jugated to any appreciable load without 
damage. 
This box will dissipate a minimum of 

10 watts, and maximum of 30 watts, de-
pending on setting. Four decades allow for 
flexibility and provide for a total avail-
able resistance of 99,000 ohms. Low in-
ductance lends accuracy of readings on all 
af and the lower rf. The case is metal and 
may be grounded, providing additional 
shielding when necessary. 

Two New Ballast Tubes 
A subminiature for minute applica-

tions, and an aircraft ballast tube to with-
stand the vibrations of airborne radio 
equipment,  have been developed by 
Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. 

9 

(Continued on page 19A) 

TYPE "9" 

Type "0" Series—shown 
at right is the 03-11 Plug, 
with three 30-amp. con-
tacts, fits certain quality 
types, notably Western 
Electric. 

TYPE "P" 

Type "P" Series—P3-CG-12S 
Plug shown at right, is 
standard with most 
broadcast stations 
and used with RCA 
and other equip-
ment. .. 7 inter-
changeable inserts. 

TYPE "XL" 

Type "XL" Series—XL-3-11 
Plug shown at right, is 
standard on certain 
RCA. Electro-
Voice and 
Turner mi-
crophones. 
Two inserts: 
XL-3, XL-4. 

Used on many types of sound and 
communication equipment in addi-
tion to microphone, Cannon Plugs are 
recognized by engineers, sound men 
and hams as the quality fittings in the 
field. Over a period of years various 
improvements have been made in 
insulating materials, shell design, ma-
terial and clamp construction. 

Available through many parts jobbers in the 
U. S. A. . . In Louisville: Peerless Electronic 
Equipment Co. In Flint: Shand Radio Special-
ties. In Syracuse: Morris Dist. Co. In Toledo: 
Warren Radio. In Norfolk: Radio Supply Co. 

Bulletin P0-248 covers all the engineering 
data on the above 3 series; ILIC-2 the prices; 
CED-8 Sheet lists jobbers. For copies address 
Department H-3i 7 

I SI NCE 1915 

1 2 11 I L Y A    

LILLInLarE 
/Noe  p er 

dr— Cr  
CANNON 

IC 

3209 HUMBOLDT ST., LOS ANGELES 31, CALIF. 

IN  CANADA—CANNON ELECTRIC CO., LTD. 
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OUT IN AUGUST 
YOUR IRE YEARBOOK 
Use its Engineering 
Products Listings! 

X1-1 WATF 

FULL SIZE 

Write for 
further details 

"NOBLELOY" METAL FILM 
PRECISION RESISTORS 
* GENUINE METAL FILM 
* NOT CARBON 
* NOTHING TO BURN 

* CLOSE TOLERANCES 1/2% , 1% 
* REASONABLE PRICES 

The "NOBLELOY" X Type Resistors has proven itself over a period of 5 years 
In thousands of critical electronic circuits. Values and tolerances, 1/2  ohm to 30 
megohms 1%; 1/2 ohm to 200,000 ohms, 1/2 %. Sizes, 1/2  to 5 Watt. 

CONTINENTAL CARBON, INC. CLEVELAND 11, OHIO 

" Wowmilleter" 

Newly developed direct-reading instru-
ment simplifies measurements of wow and 
flutter in speed of phonograph turntables, 
wire recorders, motion picture projectors 
and  similar  recording  or reproducing 
mechanisms. It is the only meter in exist-
ence giving direct steady indication of 
meter pointer on scale. 

The Furst Model I 15-R "Wow-Meter" is 
suitable for both laboratory and produc-
tion application and eliminates complex 
test set-ups. 
A switch on the front of the panel permits 
selection of low frequency cut-off and cor-
responding meter damping for use on slow 
speed turntables. 

Frequency Response: I/2 to 120 cycles or 10 to 120 cycles 

Inquiries Invited on our line of 
Regulated Power Supplies 

F U R.S T  E L EC T RO NIC S 
14 S. Jefferson St., Chicago 6, III. 

AIRBORNE RADIO 
FOR ALL CLASSES OF AIRCRAFT 

by  ‘tl: ZdIL 

A ircraft Radio Corporation 

• TWO-WAY VHF 

• STANDARD LF RANGES 
(with homing loop) 

• VHF OMNI RANGES 

• LOCALIZERS 

• GU VOICE 

• ISOLATION AMPLIFIERS 
(10 inputs— 2 outputs) 

Name of nearest sales and 

installation agency 

on request 

flircraft Radio Corporation 
BOONTON, NE W JERSEY 

....... 
:::::::::::::: • 

: 
•  :::: ; 

THE NEW 

BERKELEY 
MODEL 700 

DECIMAL COUNTING UNIT 

/.3 
scie•doc eampamf 

SIXTH AND NEVIN AVE • RICHMOND, CALIFORNIA 

This unique pack-
aged component is earily built into 
your apparatus. It has true decimal 
reading, and simple binary circuit with 
reliable automatic interpolation. Min-
iature size. Moderate price. Immedi-
ate shipment. 

• Send for Bull, tin n a'- /6 
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News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 57A) 

On the right is the subminiature. This 
tube was designed without prongs, elim-
inating the necessity of a base. The leads 
are soldered directly to the leads from the 
tube. 
This tube can be supplied to dissipate 

any wattage up to 3 watts. Maximum 
current 0.9 amperes. A 100 per cent in-
crease in voltage will produce a change of 
less than 5 per cent. An ambient change of 
—50°C to +70°C will cause a difference 
in current of less than 2 per cent. 
On the left is the aircraft type, which 

will withstand 40 g, and reacts identically 
to temperature extremes as the tube de-
scribed above. 
This tube can be supplied to dissipat , 

up to 25 watts, from 60 ma to 3 ampere-

AS  EXHIBITED  AT  THE 

RADIO ENGINEERING SHO W 

Electronic Decimal Counting 
Unit 

For use in industrial ,and commercial 
applications, the Model 700 Decimal 
Counting Unit was recently marketed by 
Berkeley Scientific Co., 6th St. & Neven 
Ave., Richmond, Calif. 

To be used primarily in counting, tim-
ing, and frequency measurement work, the 
Model 700 is a four-tube plug-in unit with 
a scale-of-ten counting circuit capable of 
rates in excess of 40,000 pulses per second, 
and of resolving pulse pairs spaced less 
than 5 microseconds apart. 
Counts are read from 10 neon lamps on 

the panel numbered 0 to 9. Each count is 
indicated directly by illuminating the 
lamp corresponding to the pulses received. 
Units may be cascaded to count any num-
ber. Thus, by mounting several next to 
each other, counts may be read directly. 

(Continued on page 60A) 

11 

160-A Q METER 
The 160-A 0-Meter is unexcelled for laboratory and 
development applications, having received world wide 

recognition as the outstanding instrument for measuring 
0, inductance, and capacitance at radio frequencies. 

Frequency Range: 50 kc. to 75 mc. (8 ranges) 
0 Measurement Range: 20 to 250 (20 to 625 with multiplier) 
Range of Main 0 Capacitor: 30-450 mmf. 
Range of Vernier 0 Capacitor: • 3 mmf., zero,  3 mmf. 

For further specifications and descripfive 

details, write for Catalog F 

ACCURATE OBSERVATION OF WAVEFORMS 
FROM 10 CYCLES TO 50 MC PER SECOND 

50 MC WIDEBAND 
VIDEO OSCILLOSCOPE 

FTL-32A 
• Vertical amplifier bandwidth of 

10 cps to 50 mc. 

• High deflection sensitivity over 
the entire bandwith. 

• Low-capacity probe maintaining 
high sensitivity. 

• Sweep time as fast as one micro-
second. 

VIP 

Write  for  complete 

FTL-3 2A brochure. 

Federal Necommunicatim laboratories, /fie. 
An LT.& r. A ISOCIall. 

500 Washington Avenue 
Nutley 10, N.J. 
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MOLDED 
RESIS T O RS /at 

5.S.WHITE RESISTORS 
are of particular interest to all 
who need resistors with inherent 
low noire level and good nobility 
in all climates. 

HIGH VALUE RANGE 
10 to 10,000,000 MEGOHMS 

STANDARD RANGE 

1000 OHMS to 9 MEGOHMS 

ARE USED IN THIS 

ULTRA SE NSITIVE 

ELECTR ONIC PH OT O METER 

In this instrument —designed for measurement of 

very low light values —S.S. White Resistors serve 

as the grid resistance in the all-important high-

gain D.C. amplifier circuit. The manufacturer. 

Photovolt Corp., New York. N.Y., reports that the 

resistors "work very satisfactorily" —which checks 

with the experience of the many other electronic 

equipment manufacturers who use S.S. White re-
sistors. 

WRITE FOR BULLETIN 4505 
It gives  essential  data  about 

S.S. White  Resistors,  including 

construction, characteristics, di-

mensions, etc. Copy with price 

list on request. 

Photo courtesy of 

Photovolg Corp., New York. N.Y. 

I S. WHITEINDUSTRIAL 
THE S. S. WHITE DENTAL MFG. CO. 

DIVISION 
G R.  10 EAST 40th ST, NE W YORK 16, N Y. 

FLEXIBLE  SHAFTS  AND  ACCESS ORIES 

MOLDED PLASTICS PRODUCTS—MOLDED RESISTORS 

ofi, meaminewin 
c=1811 

N E 
Precious Metals 
in Industry 

GREATLI IMPROVER LINEARITY WITH 

IIIIIISH l'ONTArTS 

Results of life tests on nickel-chrome wire-wound 
potentiometers, using contacts of PALINEY §7* in 

comparison with phosphor bronze, showed greatly im-
proved linearity maintained through longer service 
life. If you have this or similar contact problems write 
or call our Research Department for detailed test data. 
*Reg. T.M. of J. M. Ney Co. 

Write or phone (HARTFORD 2-4271) okr Retearch Department 

THE J. M. NEY COMPANY 
171 ELM T. • HARTFORD I, CONN. 

SPECIALISTS IN PRECIOUS METAL 
METALLURGY SINCE 1812 

2 6NY40 

PALINEV :1* 

16  100 

0 0 

.1 
3 

p 25  so 
4 
3: 
2: 
.1i6 0 01111 

Cathode Ray Oscillograph shows 
performance of modified potentio-
meter after one million cycles or two 
million sweeps of PALINEY  7* 
contact over wire. The initial error 
was reduced to -± .12% and this 
linearity was maintained throughout 
the test. 

News—New Products 
(Continued from poor 59.-1) 

TV-Tube Beam Benders 

T wo  new  types of TV-tube beamn 
benders, which serve to minimize burnt 
spots on screens, are announced by Claro-
stat Mfg. Co., Inc. Washington St., Dover, 
N. H. 

The series TV-2 has a single permanent 
bar magnet and is used with 10' tubes 
with flux densities across the poles of 
33 ± 3G and 75±10G. 
The series TV-3 is higher in cost, but 

features two magnets: the bar magnet for 
the rear and a ring magnet for the front 
elements. This type is used with 12' and 
larger tubes, particularly those of bent-gun 
design. 
Both types have rubber covered spring 

arms for friction fit on 11' to  necks. 
(Continued on page 61.4 ) 

The combined features 

of the popular Du Most 
Type 208-8 have °Nen 
It • greater volume of 
sales than  any  other 

cathode•ray oscillograph 
In the world. 

The Oscillograph that 
Outsells them all! 
Versatile . . . 
Type 208-B is • general-purpose cathode-ray 
oscIllograph, designed for both laboratory and 
Industrial applications.  Used extensively for 
recelyer-test.  strain-gage.  pressure-measure• 
ment problems,  and innumerable other ap-
plications. 

Sensitive . . . 
Highest gain Y-axis •mplifters In any com-
mercial oscIllooraph in Its price range. Sensi-
tivity.  10 millivolts rms per Inch. Excellent 
low-frequency response. Recurrent sweep Irons 
2 cps to 50.000 cps. 

Time-tested . . . 
For many successful years. the Du Mont Type 
208-B has been the leader in Its field. Im-
provements resulting from extensive field ex-
perience have been Incorporated Into Its de-
sign. 

Moderately priced . . . 
The  many applications of  this  instrument 
mean that It must meet varying budgets. Its 
low price and portability complete the reguire• 
meets for an outstanding general-purpose 
oscIllograph. 

Instru ment Division 
ALLEN B. DU MONT LABS., INC. 
1000 Main Ave., Clifton, N.J. 

60A 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 60.4 ) 

New Phase Relation Meter 
A new Model 108-C Phase Meter, 

which provides a means for measuring the 
phase relations existing in directional an-
tenna systems, has been designed and de-
veloped by Clarke Instrument Corp., 910 
King St., Silver Spring, Md. 

Wall •  MEM 

.-1)041»fthillk•O * 

With the Model 108-C, provision has 
also been made for remote monitoring of 
amplititudes of the currents in the several 
elements of the array. The phase indication 
is marked in 2° intervals, however, I° in-
crements can readily be resolved. 

Although intended for operation in the 
standard band, this meter can be supplied 
in other frequency ranges. 

To be sure your 
calculations are 

RIGHT, use 

iM =1 

Fischer 's 

RADIO & 
TELEVISION 

MATHEMATICS 
Over 400 sample problems, completely worked 
our. All the calculations commonly required in 
the design, operation or servicing of radio, tel-
evision and modern industrial electronics are 
included, arranged under electronic headings 
where they can be easily found. All formulas, 
mathematical tables, and a math review are in-
cluded. A highly useful handbook for anyone 
working in radio or television and for all those 
prepAritie Cr FCC Ii' ense exams.  $6.00 

SEE IT FREE 

The Macmillan Co., 60 Fifth Ave., New York 11 
Please send me a copy of Radio & Television 
Mathematics on 10 days' approval. I will either 
remit in full or return the book. 

Signed   

Address 

m ei 

Chicago. III. —STate 2-7444 
Canaan, Conn. —Canaan 649 
Dallas, Tex. —Logan 6-5097 

Sla  200 MC BAND WIDTH AMPLIFIERS 

MODEL 200A 

WIDE  BAND 
CHAIN  AMPLIFIER 

Impedance — 200 ohms. Gain —10 db. Band width —100 KC to 200 MC. 
Response — -± 1 db. Standing Wave Ratio — Less than 1 db. 

Using a chain of six 6AK5 tubes the single stage Model 200A uses delay line coupling in the 
grid and plate circuits. Due to its low impedance existing coaxial cables can be used. Due to 
its wide band width it is invaluable as an aperiodic preamplifier for signal generators, sweep 
generators, vacuum tube voltmeters and other laboratory equipment. 

MODEL 202 

WIDE  BAND 
CHAIN  AMPLIFIER 

Bond width —100 KC to 200 MC. Gain —20 db. Response — • 1.5 db. 
Impedance -200 ohms. Standing wave ratio — Less than 1.5 db. 

The dual stage, Model 202 has substantially linear phase shift owing to mutual inductance 
coupling in the delay lines. With its wide pass band and very short rise time this amplifier 
offers unique advantages in the study of pulse and transient wave forms in nuclear research, 
oscillography and television testing. 

SI(1 SPENCER KENNEDY LABORATORIES, INC. 
BE 186 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. 

TYPE 410A POWER R-F OSCILLATOR 
for general 

laboratory use 

and as a signal 
source for 

R-F bridges 

Write for bulletins on ihe 

type 410-A R-F Power Os-

cillator  and  other  T.I.C. 

products—precision  linear 
and non-linear potentiom-

eters . . . Audio and R-F 
Z-Angle Meters . . . Slide 

Wire Resistance Boxes . . . 
Electronics  Phase  Angle 

Meter 

NOTE THESE FEATURES 
• 100 kc to 10 Mc 
• High output—approximately 30 volts 

• 50-60 output impedance 

• Internal modulation 

• Output voltmeter 

• Excellent stability 

• Accurate, individually-calibrated fre-
quency scale 

• Expanded frequency scale. 

TECHNOLOGY INSTRUMENT CORP. 
1068 Main Street, Waltham 54, Mass., Engineering Representatives 

Cambridge. Mass. —ELlot 4-1751 
Rochester, N.Y. —Charlotts 3193-1 
Hollywood, Ca111. -14011ywood 9.6305 
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PROFESSIOAAL CARDS INDEX AND DISPLAY ADVERTISERS 

W. J. BRO WN 
Consulting Engineer 

INDUSTRIAL ELECTRONICS 
RADIO AND TELEVSION 

26 years active development experience 

512 Marshall Bldg., Cleveland, 0. 
Telephone: TOwer t-6498 

ED WARD J. CONTENT 
Acoustical Consultant 

Functional Studio-Theater Design 
FM — Television — AM 
Audio Sy*terns Enginaerina 

Roxbury Road  Stamford 3-74159 
Stamford, Conn. 

CROSBY LABORATORIES 
Murray C. Crosby & Staff 

FM, Communications, TV 
Industrial Electronics 

High-Frequency Heating 
Offices, Laboratory & Model Shop at: 

126 Old Country Rd.  Mineola, N.Y. 
Garden City 7-0284 

ELK ELECTRONIC LABORATORIES 
Jack Rosenbaum 

Specializing in the design and 
development of 

Test Equipment for the communications, 
radar and allied fields. 

12 Elk Street  Telephone: 
New York 7, N.Y.  WOrth 2-4963 

WILLIAM L. FOSS, INC. 

927 15th St., N.W.  REpublic 3883 

WASHINGTON, D.C. 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J, Upper Montclair, N.J. 
Offs. & Lab.: Great Notch. N.J. 

Phone: Montclair 3-3000 
Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Warner Building 
Washington 4, D.C. 
National 2497 

100 Normandy Drive 
Silver Spring, Md. 
Shepherd 2433 

Samuel Gubin, Electronics 
G. F. Knowles, Mech. Eng. 

SPECTRUM ENGINEERS, Inc. 
Electron.- de Mechanical Designee, 

540 North 63rd Street 
Philadelphia 31. Pa. 
Gitanite 2-2333: 2-3135 

Section Meetings 

Student Branch Meetings 

Membership 

Positions Open 

Positions Wanted 

DISPLAY ADVERTISERS 
Acme Electric Corp. 
Aircraft Radio Corp. 

Allen-Bradley Co. 

American Lava Corp. 

Ampex Electric Corp. 
Arnold Engineering Co. 

Astatic Corp. 

Audio Development Co. 

Bead Chain Mfg. Co. 

Bell Telephone Labs. 

Berkeley Scientific Co. 
Boonton Radio Corp. 

W. J. Brown 
Bud Radio, Inc. 

Cambridge Thermionic Corp. 

Cannon Electric. Development Co. 

Capitol Radio Engineering Inst. 
Centrelab  35A, 36A, 
Cleveland Container Co. 

Sigmund Cohn Corp. 

Communication Products Co. 
Communications Equipment Co. 
E. J. Content 

Continental Carbon Co. 

Cornell-Dubilier Electric Co. 
Crosby Labs. 
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Elk Electronic Labs. 

Federal Telecommunication Labs. 
W. L. Foss 

Furst Electronics 
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PAUL ROSENBERG ASSOCIATES 
Consulting Physicitts 

Main office: Woolworth Building, 
New York 7, N.Y. 

Cable Address  Telephone 
PHYSICIST  W Orth 2-1939 

Laboratory: 21 Park Place. New York 7, N.Y. 

TECHNICAL 
MATERIEL CORPORATION 
COMMUNICATIONS CONSULTANTS 
RADIOTELETYPE - FREQUENCY SHIFT 

INK SLIP RECORDING - TELETYPE NETWORKS 

453 West 47th Street, New York 19, N.Y. 

General Electric Co. 

General Radio Co. 

Paul Godley 

H. L. Gordon 

S. Gubin 

Hazeltine Electronics Corp. 

Helipot Corp. 

Hewlett-Packard Co. 

Iliffe & Sons 

International Nickel Co. 

International Resistance Co. 

Jacobs Instrument Co. 

E. F. Johnson 

Karp Metal Products Corp. 

James Knights Co. 

Kollsman Inst. 

James B. Lansing Sound Inc. 

Lavoie Labs. 

MacMillan Co. 

Machlett Labs. 

P. R. Mallory & Co., Inc. 

Measurements Corp. 

Melpar, Inc. 

National Union Radio Corp. 

New York Transformer Co. 

J. M. Ney Co. 

Olimite Mfg. Co. 

Panoramic Radio Corp. 

Radio Corp. of America 

Revere Copper & Brass Inc. .. 

Paul Rosenberg 

Shallcross Mfg. Co. 

Sorensen & Co.. Inc. 

Spencer Kennedy Laboratories 

Sperry Gyroscope 

Sprague Electric Co. 

Stackpole Carbon Co. 

Super Electric Products Corp. 

Sylvania Electric Products 

Technical Materiel 

Technology Instrument Corp. 

Tektronix, Inc. 

Transradio Ltd. 

Triad Transformer Mfg. Co. 

Truscon Steel Co. 

Tung-Sol Lamp Works, Inc. 

United Transformer Co. 

Westinghouse Electric Corp. 
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Wilcox Electric Co. . 
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This space contributed by: 

CROSBY LABORATORIES 

126 Old Country Rd. 

Mineola, New York 

for the purpose of offering 

financial support to: 

PROCEEDINGS of the I.R.E. 

a publication of 

THE INSTITUTE OF RADIO ENGINEERS 
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Typical of the C-D line of • 

capacitors with built-in 

quality characteristics-is the 

TYPE UP 
for TV applications 

Tested and proved in thousands 
of television receivers,the type UP 
electrolytic capacitors are avail-
able in capacities from 4 mfd. to 
2000, mfd. in any capacity com-
bination. Voltages ronge from 6 
volts to 500 volts. Standard am-
bient temperature range is —25° 
C to +85° C. Special, exclusive 
C-D design and construction as-
sores maximum capacity stability 
in operation. A better capacitor 
for more difficult TV applications. 

Cornell- Dubilier 

capacitors 

might look like 

others... 

but differ 

where 

it counts! 

ARE THEY ALIKE? 

ca7g,6 4 44aelle,7  

That there s more than meets the eye—when it 
comes to capacitors — is a fact well known to 
radio engineers for many years. Anyone who 
knows his way around in the industry, as you 
do, is not fooled for a moment by external ap-
pearance. It's what's inside that counts—which 
is why you can count on Cornell-Dubilier. 

Engineers specify C-D because over a period 
of 40 years they have learned they can count 
on C-D capacitors for complete dependability, 

for long years of trouble-free performance, for 
really genuine economy. Perhaps that's why 
an impressive percentage make it a point to 
specify C-D's. Inquiries cordially invited. Cat-
alog available on request. 

C-0 ees,4.6y 77e/a/ 

Cornell-Dubilier Electric Corporation, South Plain-
field, New Jersey, Dept. ' Other plants in New 
Bedford, Brookline and Worcester, Mass.; Provi-
dence, R. I.; Indianapolis, Ind., and 
subsidiary, The Radiart Corp., 
Cleveland, Ohio. 
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TO MEASURE CAPACITANCE CONVENIENTLY AND QUICKLY 

For capacitance measurements at one mega-

cycle this R-F Capacitance Meter is a very 

convenient instrument where extreme accu-

racy is not required. 

The meter consists of a 1-Mc oscillator, 

oscillator output control, crystal rectifier 

with microammeter resonance indicator, and 

a variable capacitance calibrated to read 

directly in terms of capacitance removed 

from the circuit to re-establish resonance 

after the capacitance under measurement has 

been connected to the circuit. 

GENERAL RADIO COMPANY 
Ca mbridge  39,  M assachusetts 

90 West St., New York 6  920 S. Michigan Ave., Chicago 5 

FEATURES 

DIRECT READING in two ranges of 0 to 80 gaf and° to1200 sad. 
Ranges are switched automatically as capacitance dial Is rotated 

GOOD ACCURACY Low range: from 0 to 50 µaf, ± (3 % + 0.3 
), between 50 and 80 µAt * 6%. High range: ± (3% + 5 oaf ) 

APPROXIMATELY LOGARITHMIC SCALE on low capacitance 
range, makes for accurate readings 

COMPARES DIELECTRIC LOSSES in the unknown capacitance 

where they show as lower resonance indicator readings  .. useful 
for intercomparison of relative losses 

METER STANDARDIZED AT ZERO by means of a panel trimmer 
... this allows balancing out capacitance of leads to the unknown 

... approximately 5 ....f on low range and 120 ....f on high range 
can be balanced out 

AC OR DC OPERATION ... instrument is self-contained and 
operates from both a-c and d-c lines at 115-volts 

TYPE I612-A R-F CAPACITANCE METER . . . . $155.00 

1000 N. Sewari St., Los Angeles 38 


