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MINIATURE COMPONENTS 
FROM STOCK... 

SUBOUNCER UNITS 
FOR HEARING AIDS...VEST POCKET RADIOS...MIDGET DEVICES 

UTC Sub-Ouncer units fulfill an essential requirement for miniaturized components hav-
ing relatively high efficiency and wide frequency response. Through the use of special 
nickel iron core materials and winding methods, these miniature units have per-
formance and dependability characteristics far superior to any other comparable items. 

They are ideal for hearing aids, miniature radios, and other types of miniature electronic equipment. 

The coils employ automatic layer windings of double Formez wire ... In a molded Nylon bobbin. All 
Insulation is of cellulose acetate. Four inch color coded flexible leads are employed, securely anchored 
mechanically. No mounting facilities are provided, since this would preclude maximum flexibility in 
location. Units are vacuum impregnated and double (water proof) sealed. The curves below indicate 
the excellent frequency response available. Alternate curves are shown to indicate operating charac-
teristics in various typical applications. 

D.C. List 
Type Application Level Pri. Imp. in Pri. Sec. Imp. Pri. Res. Sec. Res. Price SUBOUNCER UNIT 

*SO-1 Input -F 4 VU 200 0 250,000 16 2650 $ ,,j0 Dimensions....9/16" x 5/8" x 7/8" 
50 62,500  Weight 03 lb. 

SO-2 Interstage/3:1 + 4 V U 10,000 0 90,000 225 1850 ,.50 
*S0-3 Plate to line + 20 V U. 10,000 3 mil 200 1300 30 0.50 

25,000 1.5 mil. 500  
SO-4 Output + 20 V U. 30,000 1.0 mil. 50 1800 4.3 0.50 . 
50-5 Reactor 50 NY at 1 mil. D C. 3000 ohms D.C.Res.  

3.8 i...550° SO-6 Output + 20 V U 100,000 .5 mil. 60 3250 

• Impedance ratio is fixed, 1250:1 for SO-1, 1.50 for SO-3. Any impedance between the values shown 
may be employed. 

SUB-SUBOUNCER UNIT 
Dimensions....7/16" x 3/4" x 5/8" 
Weight 02 lb. 

-.41,....M..1.01,T•4•11.1,M1•1•111 

SUB-SUBOUNCER UNIT 
FOR HEARING AIDS AND ULTRA-MINIATURE EQUIPMENT 
UTC Sub-SubOuncer units have exceptionally high efficiency and frequency range in their ultra-miniature 
size. This has been effected through the use of specially selected Hiperm-Alloy core material and special 
winding methods. The constructional details are Identical to those of the Sub-Ouncer units described 
above. The curves below show actual characteristics under typical conditions of application. D.C.List 

Type Application Level Pri. Imp. In Pri. Sec. Imp. Pri. Res. Sec. Res. Price  
"SSO-1 Input + 4 V 0 .U. 200 0 250,000 13.5 $0,30 

50 62,500  
SSO-2 I nterstage/3: 1 + 4 V 10,000 o 90,000 3250 .U. 750 6.50 
•550-3 Plate to Line + 20 VU. 10,000 3 mil. 200 2600 35 6.50 .  

25,000 1.5 mil. 500  
+ 20V U.   30,000 SSO-4 Output  1.0 mil. 50 2875 4.6 6.50 

SSO-5 Reactor 50 HY at 1 mil. D.C. 4400 ohms D.C. Res. 5.56 
SSO-6 Ouptut + 20 V.U. 100,000 .5 mil. 60 4700 3.3 6.50 
*Impedance ratio is fixed, 1250:1 for SSO-1, 1:50 for SSO-3. Any impedance between the values shown 
may be employed. 

150 vARIcH STREET NEW YORK 1 3 , N. Y. 

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



ABOVE AND BEYOND 

MIL-R-9 3A 
SPECIFICATIONS 

DURAMEG wattage 

ratings are based on full 
rated dissipation at 

105° ambient. These ratings 

are from 4 to 5 times the 85`C 

MIL ratings for the best 

4)4 conventional resistors. 

ACCURATE 

WIREWOUND 

RESISTORS 

LUG MOLDED   
4 

IN BOBBIN 

CERON INSULATED WIRE 

WOUND WITH UNIFORM 
4 

TENSION AND AGED FOR 

STABILITY 

SOLID MOLDED HOUSING OF 

DENSE SHOCK RESISTANT 4  1 THERMOSETTING PHENOLIC 

ISOLATED WINDING 

TERMINATION 

SEALED AGAINST MOISTURE 
4  

AND IMMERSION 

DURAMEG Resistors pioneered and proved new 

performance records for reliable, high-accuracy 

wire-wound resistors. They're molded under 

high pressure and temperature in mineral-filled, 

dense phenolic—impervious to moisture—for 

positive protection against electrolysis failure. 

They'll even withstand the salt water immersion 

cycling for charaoeristic A in the former specifi-

cation JAN-R-93. Installations require no sec-

ondary nsulation fcr mounting. Yes, they're 

also tough and resistant to high mechanical 

damage. 

The long-term stability of Durameg Resist() -s 

offers a new scope of performance to equipment 

designers who must consider initial resistance 

tolerance of resistors as well as shifts in value 

with repeated thermal cycling and with age. 

With Durameg stability, you can design now for 

permanent peak performance! 

Duramegs are the first accurate resistors that 
operate up to a hot spot temperature of 150°C 

as against the usual 105°C limit—made possible 
with Sprague's patented ceramic-insulated 

Ceron resistance wire. The unique combination 

of Ceron wire, Durameg molding technic and 

aging treatment, permits dissipation of full 

rated wattage at 105°C—the same temperature 

at which MIL ratings prescribe zero % dissipa-

tion! 
DURAMEG Resistors are now available for 

commercial applications in dimensions identical 

to MIL styles. We will be glad to send you com-

plete data upon request. * * * * 

WRITE, WIRE OR PHONE FOR 
ENGINEERING BULLETIN 120 

• 

SPRAGUE ELECTRIC COMPANY 

,-eze 235 Ma-shall Street, North Adams, Mass. 

. . . PIONEERS IN ELECTRIC AND ELECTRONIC DEVELOPMENT 

EXPORT FOR THE AMERICAS: SPRAGUE ELECTRIC INTERNATIONAL LTD., NORTH ADAMS, MASS. CABLE: SPREXINT 



...WHEN YOU ADD HAMMARLUND 

Selective Calling Equipment 

to Mobile 2-Way Radio Systems 

...AND it means 

PRIVACY...QUIETNESS...CONVENIENCE 

Privacy, speed, quietness and con-

venience become an accepted part of 

day-in-day-out operations of 2-way 

radio systems used to control large 

fleets of emergency service or com-

mercial vehicles, or distant fixed sta-

tions, when Hammarlund Selective 

Calling Equipment is added. 

By the push of a button the dis. 

patcher selects within 0.8 seconds 

the vehicle, remote station, or group 

of receivers which he wants to con-

tact. Only the selected operator or 

group of operators can receive the 

call. 

If a radio operator is away from 

his station when a call comes in, an 

indicator light will be turned on to 

show he was called while absent. 

For police and other emergency ve-

hicles the horn or other alarm can 

be remotely activated to summon 

drivers whose work has taken them 

from the immediate vicinity of their 

cars. 

Write today to the Hammarlund 

Manufacturing Company for de-

scriptive information about this 

selective calling equipment that 

was engineered to produce new 

benefits for you from your 2-way 
radio system. 

HAMMARLUND MANUFACTURING CO., INC. 
460 WEST 34th ST. • NEW YORK 1, N. Y. 

Meetings 
with Exhibits 
• As a service both to Members 

and the industry, we will en-

deavor to record in this column 

each month those meetings of 

IRE, its sections and professional 

groups which include exhibits. 

September 21, 22, 23, 24 & 25, 1953 

Eighth Nat al In.trument Con-
ferenre and Exhibit. Hotel Sher-
man, Chicago, Ill. 

Exhibits: Richard Rimbach, 921 
Ridge Ave., Pittsburgh 12, Pa. 

September 28, 29 & 30, 1953 

National Electronic Conference 
Hotel Sherman. Chicago. 

Exhibits: Orville Thompson, c/o De-
Forrest's Training Inc., 2735 N. 
Ashland Ave., Chicago 14, Ill. 

October 14, 15, 16 & 17 

1953 Audio Fair 
Hotel New Yorker, New York City 

Exhibits: Harry N. Reizes, 67 W. 44 
St., New York, N.Y. 

November 13, 14, 1953 

Annual Electronics Conference 
Hotel President, Kansas City, Mis-

souri 

Exhibits: D. L. Welborn, 1400 Chest-
nut St., Kansas City 27, Missouri 

February 4, 5 & 6, 1954 

Sixth Southwestern I.R.E. Confer-
ence & Electronics Show, Tulsa, 
Oklahoma 

March 22, 23, 24 & 25, 1954 

Radio Engineering Show and I.R.E. 
National Convention, New York 
City. Exhibits at Kingsbridge Ar-
mory and headquarters hotel Wal-
dorf Astoria. Direct connections by 
subway and by private express 
busses. 

Exhibits Manager: Wm. C. Copp, 1475 
Broadway, New York 36, N.Y. 

Note on Professional Group Meetings: 
Some of the Professional Groups con-
duct meetings at which there are ex-
hibits. Working committeemen on these 
groups are asked to send advance data 
to this column for publicity informa-
tion. You may address these notices to 
the Advertising Department, and of 
course listings are free to IRE Profes-
sional Groups. 

Re.bE 
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Every single one of 'ern relies on RA YIN EON 

4 

p 
- 

All the Portable Transmitter- Receiver Units, Military 

and Commercial, Employ RAYTHEON Filamentary 

Subminiature Tubes for 

low battery power 

constantly dependable performance 

extreme durability for rough service 

maximum compactness — flat for better packing 

uniform qucdity and availability 

Raytheon has unsurpassed engineering and production resources for the 

making of Subminiatures — has made millions of them over the past 

fifteen years. 

Raytheon Filomemary Subminiatures will be found 

major manufacturers' portable units, among them: 

BENDIX 
CLARK 
GENERAL ELECTRIC 
HALLICRAFTERS 
INDUSTRIAL RADIO 

n all the 

LINK 
MOTOROLA 
RADIO SPECIALTIES 
U. S. AIR FORCE AN URC-4 
U. S. ARMY AN, PRC-6,8,9 and 10 

ferrn*I 

R TTNEON MANUFACTURING COMPAN 

•RAYTHECN MAKES ALL THISE: 

RELIA14 SA8)11.M.14 R D MINIAT îfil MIN D OBE 

• Los Angeles, Cali. Richmond 7-5524 

MICROWAVE TORES 

PROCEEDINGS OF Tim I.R.E. ;.,c.,tember, 1953, Vol. 41, No. 9. Published monthly by thc I ', mute...I 1<...110 1-.1.;;Ince.qh, inc., at 1 East 79 Street, New York 
21, N.Y. Price per copy: mern'oers of the Institute of Radio Enginee-s :i1.00; non-members $2.25. Y•early subscriptmn price: to members $9.00; to nor, 
members in United States, Canada and U.S. Possessions $ 18.00; to nor-members in foreign countries $ 19.00. Entered as seem 1 class matter, October 
26, 1927, at the post office a Menasha, Wisconsin, under the act of March 3, 1879. Acceptance for mailing at a special rate of postage is provided for 
in the act of February 28, 1925. embodied in Paragraph 4, Section 412, P. L. and R., atithori7ed October 21., 1927. 
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A boring is taken from a pole section to 
see how far preservative has penetrated. 
For poles to last, it must penetrate deeply 
and be retained /or a long time. 

THIS BOTTLE 

TURNS 

SEVEN YEARS  

INTO 

SEVEN MONTHS 

a Test blocks of pole wood are fed to destructive fungi in 
bottles like this at Bell Laboratories. Wood rests on soil 
which controls moisture conditions and promotes fungus 
growth. Test speeds search for better preservatives. 

This year the Bell System is putting 800,000 new 
telephone poles into service. How effectively are 
they preserved against fungus attack and decay? 

Once the only way to check a preservative was 
to plant treated wood specimens outdoors, then 
wait and see— for seven years at least. Now, with 
a new test devised in Bell Telephone Laboratories 
most of the answer can be obtained in seven months. 

Cubes of wood are treated with preservatives, 
then enclosed in bottles with fungus of the most 
destructive kind, under temperature and humidity 
conditions that accelerate fungus activity. Success 
— or failure — of fungus attack on cubes soon reveals 
the best ways to preserve poles. 

The new test has helped show how poles can 
be economically preserved for many years. It is 
another example of how Bell Telephone Labora-
tories works to keep down the cost of your telephone 
service. 

CAT BELL TELEPHONE 
LABORATORIES 

There are many opportunities for creative scientists and engineers at 

Bell Telephone Laboratories. For details see our advertisement on page 1324 
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CONVENIENT, EASY TO USE 

• J. 

....................... 1! . 
duo . • ........... 

unuilloth-•• worn ....... 

1▪ 6"....... op eteintaoireasei. 
.. .. rorsareerooraiTZ 

STABILIZED and 
REGULATED 

Output voltage is unaffected by 

changes in the magnitude of a-c line 

voltage or output load current. Stabili-

zation and regUation is ± 0.25 volts. 

R.M.S. ripple voltage is less than 0.1 

ADJUSTABLE OUTPUT 
SETTINGS 

Any desired output of d-c voltage from 

0 to 30 volts is achieved by simply 

rotating -he handwheel on the front 

panel. 

The VARICELL is operated by simply plugging into any handy c-c voltage source 

supplying a nominal 115 volts, 60 cycles, 1 phase. The load is connected to either 

of the two pairs of SUPERIOR 5-WAY Binding Posts. The assembly is energized by 

an "On-Off" switch. A voltmeter visually identifies the output ,oitage at the binding 

posts. An ammeter shows the output load current. 

ENGINEERS, LABORATORY TECHNICIANS, PRODUCTION TEST MEN and ALL 

OTHERS WORKING WITH LOW D-C VOLTAGES . . . get complete information 

now on the VARICELL. Use coupon below to get your copy of Bulletin V1051. 

BRIS TOL, CONNECTICUT 

i4'---- ••:•.•••:.. 
er 4"e 

THE SUPERIOR ELECTRIC COMPANY 
1109 Mae Avenue, Bristol, Connecticut 

Please send my free copy of Bulletin VI 051 describing the VARICELL. 

NAME  

POSITION  

COMPANY  

CO. ADDRESS  

e CITY  ZONf  STATE 

PROCEEDINGS OF THE ide.E. serte.ber, 195.5 5A 



advancement 
in instrument 

design 

AN3 

A N 3 3 

SETTING NEW DESIGN STANDARDS 

FOR AIRCRAFT INSTRUMENTS 
Marion Electrical Instrument Company now makes available a line of aircraft instruments em-

bodying proven Marion instrument features and incorporating new Marion developments. The 
result is single and multiple element aircraft types of greater durability and accuracy, incorpo-
rating a new single seal construction which isolates the glass- to- metal seal from mounting 

stresses and reduces thermal shock stresses. These instruments meet Army-Navy Aeronautical 
Design Standard AND 10401 requirements for 23/4" dial instruments. Applications of the new 
Marion AN Series include ammeters, voltmeters, radio navigational types (such as omni-range 

and ILS) and temperature indicators. 

The single element Marion Model AN3 is completely ruggedized 
(per MIL— M-10304) including internal shock mount. 

GLASS TO METAL 

SEAL 

ONE PIECE 
DRAWN STEEL 

CASE 

RIMIER 

SHOCK 

MOUNT 

SERIES AN3 

FUSITE 

TERMINALS 

ESCUTCHEON 

CAST A UMINUM 

FLANGE PER 

\LND 10401 

RUGGEDIZED 
MOVING 

SYSTEM 

GASS TO METAL ESCUTCHEON 

SEAL 

ONE PIECE 

DRAWN STEEL 
CASE 

INSULATOR 

BLOCKS 

ONE PIECE 

CAST ALUMINUM 

COLUMN SUPPORT POE 
MOVEMENT CLUSTER SERIES AN33 

CAST ALUMINUM 
FLANGE PER 
AND 10401 

ALNICO 
MAGNET 

STRUCTURES 

Marion AN33 Series provides for instruments incorporating two, three or four Marion 
ruggedized movements. An unique one piece base and column support provides greater 
rigidity and more precise alignment of the elements. All wiring passes directly through 
the center of this column to terminal connections. Accessories such as multiplier resistors 
and bridge networks where required are contained in an extension cap which is 
attached to the base of the instrument. The series consists of two element (Model 
AN32E), three element (Model AN33E), and four element (Model AN34E) types. 

In both the Marion AN3 and AN33 Series the one piece drawn steel case is single-
seal (glass- to- metal) hermetically sealed to the glass window, making the instru-
ments impervious to the most severe of environmental hazards. A cast aluminum 
flange retains the escutcheon and provides for panel mounting (per AND 10401). 

These Marion aircraft instruments represent another application of "Advancement In Instrument 
Design" to a critical instrument requirement. 
Marion Electrical Instrument Company. 407 Canal Street, Manchester, New Hampshire. 

MANUFACTURERS OF GGEDIZED AND " REGULAR" METERS AND RELATED PRODUCTS 
Copyright 1953 Marion Elec. Instr. Co. 

l'N()( LI:1)1\ ( IF 171E. ¡ RI. 1053 



Avoid 
Fuse 
Confusion 

.BUSS for every 
protection need in TELEVISION • RADIO • RADAR • INSTRUMENTS • CONTROLS • AVIONICS 

BUSS is the one dependable source for 
any fuse you need: standard type, dual-
element (slow-blowing), renewable and 
one-time types...in sizes from 1/500 amp. up. 

To make sure the highest standards of 
quality are maintained, every BUSS fuse is 
electronically tested. A sensitive testing 
device automatically rejects any fuse that 
is not correctly calibrated, or not right in 
all physical dimensions. 

For Help in Finding the Right Fuse_ 
the BUSS Fuse Laboratories are at 
your service to assist you in selecting the 
fuse that will suit your needs best ... if 
possible, a fuse that is available from 
local wholesalers' stocks. 

BUSSMANN MFG. CO., Division McCraw Electric Company 
University at Jefferson St. Louis 7. Mo. 

PLUS a complete line of fuse clips, 
blocks and holders.... 

FOR MORE INFORMATION— Mall this 
Coupon Today. 

BUSSMANN Mtg. C... s \ h (; ra, I 
University at Jetterson. Sc. Louis 7, Mo. 

Please send me bulletin SFR containing facts on 
BUSS small dimension fuses and fuse holders. 

Name  

Title  

Company  

ddrexe  

Cali it Zone  Stale 
IRE 953 
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DuMont features Eimac klystrons 

In 5 kilowatt UHF-TV Transmitters 

W. H. Sayer, DuMont research en-
gineer, places Eimac klystron in RF 
section of DuMont 5kw transmitter. 

DuMont combines the latest in electronic design 

and engineering techniques in its new, up-to-the-

minute five kilowatt UHF-TV transmitters. With 

Eimac klystrons as final amplifiers, DuMont utilizes 

the only tubes that offer all these features for high-

power UHF-TV--- 1) Low initial cost and operating 

VISUAL 

AURAL 

EIMAC 

4X150G 

economy 2) Light weight 3) Reserve power for 

long life in typical operation 4) High power gain 

of 20 db. or more 5) Three tubes to cover the 

spectrum 6) Convenient external tuning makes 

efficient and accurate circuit alignment possible 

EIMAC TUBES IN DRIVER AND FINAL STAGES 

EIMAC 

4X150G 

EIMAC 

4X150G 

EIMAC 

4X150G 

EIMAC 

4X153G 

For further information about Eimac klystrons 

write our Application Engineering department. 

EIMAC 

4X150G 

EIMAC 

4X150G 

EIMAC 

3K20,COOLK . 

EIMAC 

3K20,000LK* 

*3K20,000LA channels 14-32 
*3K20,000LF channels 33-55 
*3K20,000LK channels 56-83 

EITEL-McCULLOUGH, INC • 
SAN BRUNO, CALIFORNIA 

Lxport Agent5: tram. & Hansen, 301 Clay St., San FFoncisco, CoInfornia 

PROCEEDINGS OF THE I.R.E. SePternber, 1953 



AMPEX FI.,r_fP , 

PEPE 

They're the controls on the new AMPEX 350 Tape Recorder 

AMPEX MODEL 350 
The new slant puts all controls within 

easy reach of any operator, 
tall ot short. 

IF YOU PLAN FOR TOMORROW, 

BUY AN AMPEX TODAY 

Their quick, positive action will give station operators a new "sureness" 
with tape. Cueing is exact; editing is faster; fumbling is out. Remote control 
is available too. Responsiveness has always been a part of the Ampex 
Standard of Excellence — but now it is better than ever, making the 
AMPEX 350 truly the NEWEST OF THE BEST. 

• STARTING WITH A SPLIT SYLLABLE 
From pressing of the start button to stable tape motion takes 1/10th 
second. Tape can be backed off from starting cues as little as one to two 
inches. Precise starts become routine. Reliability is supreme. 

• STOPPING WITHIN TWO INCHES 
Even at 15 inches per second, the tape stops within less than two inches 
after the button is pressed. Band type brakes give positive stops; no drift 
or tape spillage can occur. 

• EASIER CUEING AND EDITING 
The Model 350 car. be shuttled rapidly between fast forward and rewind 
without stopping. Cues for starting, editing or dubbing are speedily lo-
cated. And for convenient editing, the capstan drives on the "pull side" 
of the heads. 

• ADJUSTMENT FOR REEL SIZES 
A new switch selects proper tape tension either for 10 1/2-inch NARTB 
reels or for 5 or 7-inch plastic RMA reels. Proper tension means longer 
tape life, more accurate timing and truer performance. 

Recorders from $975; Model 350 from $ 1095; Reproducers 
from $495. For further information » rite today to Dept. G-1279A 

AMPEX 
CORPORATION 

934 CHARTER STREET, REDWOOD CITY, CALIFORNIA 

Distributors in principal cities; distribution in Canada 
by Canadian General Electric Company 

PROCEEPIN(;S TIIE 



It couldn't be done'? 

The books said it couldn't be done— 
but Andrew engineers went ahead and 

designed an antenna that gives 
excellent coverage mounted inside the 

tower! This ingenious development 
enabled station WTOP in 

Washington, DC to use their television 
tower for FM too—and so save 

thousands of dollars. 

Whatever your problem in antennas 
Andrew ingenuity will find the answer. 

Be sure to consult us. 

363 EAST 75TH STREET. CHICAGO 19 

PROCEEDINGS OF TIIE I.R.E. September, 1953 
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5/8 Dia. 3/4 Dia. 7/8 Dia. 

REPLACE TUBULAR CERAMIC and 
MICA CONDENSERS AT LOWER COST! 

Tc 1/4 Dia. 5,116 Dia. 1/2 Dia. 

P-100 1- 3 MMF 4- 9 MME 10- 30 MME — — — 

N PO 2- 12 13- 27 28- 60 61- 75 MMF 76-100 MME 101-150 MME 

N- 33 2- 15 16- 27 28- 60 61- 75 76-100 101-150 

N. 80 2- 15 16- 27 28- 60 61- 75 76-120 12;.-150 

N. 150 2- 15 16- 30 31- 60 61- 75 76-140 141-150 

N- 220 3- 15 16- 30 31- 75 76-100 101-150 151-190 

N. 330 3- 15 16- 30 31- 75 76-100 101-150 151-190 

N. 470 3- 20 21- 40 41- 80 80-120 121-200 201-240 

N- 750 5- 25 26- 56 57-150 151-200 201-280 281-350 

N-1400 15- 50 51-100 101-200 200-250 251-330 331-560 

N-2200 47- 75 76-120 121-200 201-275 276-470 471-560 

RMC Type C temperature compensating 
DISCAPS are available in a wide range of 
capacities in temperature coefficients between 
P-100 and N-2200. Featuring smaller size, 
lower self inductance, and greater dielectric 
strength, Type C DISCAPS assure trouble-free 
performance on VHF or UHF applications. Rated 
at 1000 working volts, DISCAPS provide a high 
safety factor.  * 
Today, practically all major television and elec-

tronic manufacturers use DISCAPS. They combine 
many electrical and mechanical advantages with a 
lower initial price permitting substantial production 
cost reductions. 

If you have a design problem requiring a standard or 
special type of ceramic capacitor our engineers are at 
your service. 

DISCAP 
CERAMIC 

CONDENSERS 

• SPECIFICATIONS: 
POWER FACTOR: Less than . 1% at 1 megacycle 

WORKING VOLTAGE: 1000 V.D.C. 

TEST VOLTAGE (FLASH): 2000 V.D.C. 

CODING: Capacity, tolerance and TC stamped on disc 
INSULATION: Dorez phenolic-vacuum waxed 

INITIAL LEAKAGE RESISTANCE Guaranteed higher than 7500 megohms 

AFTER HUMIDITY LEAKAGE RESISTANCE Guaranteed higher than 
1000 megohms 

LEADS: No. 22 tinned copper (.026 dia ) 

TOLERANCES: + 5% + 10% + 20% 

These capacitors conform to the RTMA specification for Class 1 
ceramic condensers. 

The capacity of these condensen wil: not change under 
voltage. 

SEND FOR SAMPLES AND TECHNICAL DATA 

RADIO MATERIALS CORPORATION 
GENERAL OFFICE: 3:.;25 N. California Ave., Chicago 18, III. 

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 

DISTRIBUTORS: Contact Jobber Sales Co., 146 Broadway, Paterson 1, N. J. 

September, 1953 PROCEEDINGS OF TIIE ERE. 
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TRUSCON 

STEEL tOWERS 
FOR AM • FM•TV 

MICROWAVE 

Take-off point for dependable 

programing • • • 
There's less chance of "dead air" costing you listeners when your 
antennas are mounted atop Truscon towers. Truscon knows towers— 
has designed and engineered them to stand strong and tall under all 
weather conditions. You just name the height your antenna must reach; 
Truscon will engineer and erect the tower you need ... tall or small... 
guyed or self-supporting... for AM, FM, TV, or Microwave trans-
mission. Your phone call or letter to any Truscon district office—or to 
tower headquarters in Youngstown—will get your tower program going 
as soon as defense requirements allow. 

II 
TAUS CON 

MARK OF MERIT 
PRODUCTS 

TRUSCON a name you can build on 

TRUSCOPV STEEL DIVISION 
REPUBLIC STEEL CORPORATION 

1072 ALBERT STREET • YOUNGSTOWN 1, OHIO 

Export Department: Chrysler Bldg., New York I 7,N.Y. 
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Best insurance against running aground is sonar 
. echo sounding equipment. 

RCA Victor Division of Radio Corporation of America 
uses the phenomenon of magnetostriction to send 
and receive supersonic pulses and so determine the 
distance to a submerged object on the ocean's floor. 

Magnetostriction—the familiar "Joule Effect" of 
your textbook days—is the ability of a ferromag 
netic metal to change dimensions when magnetized. 
The metal of RCA echo sounding equipment is 
Superior Grade "A" nickel tubing. 

70 pieces of Superior seamless nickel tubing, cold 
drawn to %" O.D. x .020" wall thickness and cut 
to VI of the wave length of the alternating current 
signal, are soldered to a plate. Each length is 
enclosed by a coil. 

Seamless Nickel Anode. 
Flattened one end. 
.500" O.D. x .025" 
Wall x 1.625" long. 

Lockseam* Nickel 
Cathode. Round, 
tabbed, single bead, 
.045" 0.0. x .0021" 
Wall. 27 mm long. 

Disc Cathode . 121" 
0.0..312" long. 

Seamless Nickei Coth. 
ode. Round, Ranged 
one end. .070"/.072" 
I.D. x .0025" Wall. 
.295" long. 

Energizing the coil with alternating current, the 
tube expands and contracts, creating a piston effect 
on plate and diaphragm, sending out a supersonic 
wave. Likewise, reception of the echo wave by 
the diaphragm again causes the nitAcei tubes to 
pulsate and induce a current in the coil. 

RCA Victor looks to Superior for accuracy and 
uniformity of analysts, precision drawing and cut-
ting in large quantities. For cathodes, anodes, or 
tubing specialties, and tubing technology—ask 
Superior. Superior Tube Company,2506 Germant own 
Avenue, Norristown, Pa. 

eSeei/eetea"r 
THE BIG NAME IN SMALL TUBING 

Al analyses . 010' to 
Vs — 0.0. 

te•tain analyses in Light 
Walls up to 2,,‘" 0.0. 

Many types of n,ckel ccrthodes—mode on lockseam* from nickel strip, 
disc cathodes, and a wide variety of anoces, grip cups and other tubular 
fabricated parts are available from Superior For information and Free 
Bulletin, address Superior Tube Company, Electronics Division, 2500 
Germantown Avenue, Norristown, Pa. 

PROCEEDINGS OF TIIE I.R.E. September, 1953 
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INCH ALUMINIZED 
SYLVANIA 

PICTURE TUBES 

When the ision re tubes of finest 

perf am n to Sylvania . . . the 

ure tube production. 

e more meets the industry's demands . . . this time 

peen aluminized tube. New mass production techniques 

,000 square feet of specialized, new facilities, at Sylvania's 

great Seneca Falls, New York plant, assure unbeatable quality and 

immediate availability of the much-wanted type 24CP4A. 

Thus once again the television industry finds Sylvania's know-how 

in quality mass production provides a new television picture tube by 

which all future standards may be set. For further information on 

the 24CP4A, see your Sylvania representative, or write to 

Sylvania Electric Products Inc., Dept. 3R-3008, 1740 Broadway, 

New York 19, N. Y. 

LIGHTING • RADIO 

ELECTRONICS 

TELEVISION 

In Canada: Sylvania Electric 
(Canada) Ltd., University Tower Building 

Sr.Catherine St., Montreal, P. Q. 
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stability 
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Corning Film-Type 

Resistors 

With a film material that is entirely 

new for resistors, CORNING Film-Type 

Resistors afford a rugged unit with 

exceptional stability and capable of 

withstanding high ambient, high op-

erating temperatures. ( The film ma-

terial is fired in at red heat to make 

integral contact with the heat-resistant 

glass base, forming a tough bond.) 

CORNING Filin-Type Resistors are 

available in two types: Type N with a 
resistance tolerance of 1% and capa-

ble of operating at ambient tempera-

tures up to 140°C.; Type S with a 

normal resistance tolerance of 2% 

and capable of operating at ambient 

temperatures up to 200°C. 

Corning 

Metallized Glass 

Inductances 

The exceptionally high electrical sta-

bility and low temperature coefficient 

of CORNING Metallized Glass Induc-

tances are the result of the integral 

contact of the fired-on metallizing 

with dimensionally stable glass coil 

forms. Drift is negligible, even under 

unusually variable ambient tempera-

tures. High Q is inherent. 

Whether you require uniform, vari-

able or double pitch windings—fixed 

tuned, permeability tuned or perme-

ability tuned inductance-trimmer com-

binations—we can meet your require-

ments exactly and to close tolerances. 

Corning Metallized 

Glass Midget 

Trimmer Capacitors 

Since these components are produced 

by permanently bonding metal to 

tubes made of glass with practically 

zero temperature coefficients in the 

VHF range, capacity shift is negligible 

even with widely variable ambient 

temperatures. 

CORNING Metallized Glass Midget 
Trimmer Capacitors are available in 

standard types from .3 to 12 u.u.f., or 

can be de,signed to meet your own par-

ticular needs. They are simple to sol-

der, rugged and easy to tune critically. 

With direct traverse trimming, there 

is negligible capacity shift under vi-
bration, and an absolutely smooth ca-

pacity curve. 

Corning inductances, capacitors and resistors are mass produced on automatic 
r machinery to close tolerances consistently duplicated from piece to piece. Our 

engineers will be glad to work with you on whatever design assistance you need. 
For complete information, use the coupon below. 

Corning ilass 
New Products Drvision 

areer:47 ',wane .r.eaeaeclek ede, 

CORNING GLASS WORKS, Dept. RE-9, Corning, N. Y. 
Please send me information on: 

El CORNING Metallized Gloss Inductances, C CORNING Film- iype Resistors 

1.] CORNING Metallized Glass Trimmer Capacitors 

Name  

Company  

Address  

  Title  

City    Zone.. Stot, 

PROCEEDINGS OF TIIE I.R.E. September 1!233 1 5 \ 



IN 7APE-W0691/0 CORES 
JUST NAME YOUR REQUIREMENTS! 

RANGE OF MATERIALS 
Depending upon the specific 

properties required by the applica-
tion, Arnold Tape-Wound Cores 
are available made of DELTAMAX 
. . . 4-79 MO-PERMALLOY . . 
SUPERMALLOY . . . MUMETAL 
... 4750 ELECTRICAL METAL... 
or SILECTRON (grain-oriented 
silicon steel). 

RANGE OF SIZES 
Practically any size Tape-Wound 

Core can be supplied, from a frac-
tion of a gram to several hundred 
pounds in weight. Toroidal cores 
are made in twenty-two standard 
sizes with protective nylon cases. 
Special sizes of toroidal cores—and 
all cut cores, square or rectangular 

cores—are manufactured to meet 
your indi% idual requirements. 

RANGE OF TYPES 
In each of the magnetic materials 

named. Arnold Tape-Wound Cores 
are produced in the following, 
standard tare thicknesses: .012", 
.008", .004', .002", .001", .0005", 
or .00025", as required. 

AppeicaZoxi 
Let us help with your problems 
of cores for Magnetic Amplifiers, 
Pulse Transformers, Current 
Transformers, Wide-Band Trans-
formers, Non-Linear Retard Coils, 
Peaking Strips, Reactors, etc. 

Address: ENG. DEPT. P 

RNOLD ENGINEERING COMPANY 
SUBSIDIARY 0,F ALLEGNENY LUDLUM STEEL CORPORATION 

General Office 8( Plant: Marengo, Illinois 

DISTRICT SALES OFFICES ... Boston: 200 Berkeley St. 

New York: 350 Pfth Ave. Los Angeles: 3450 Wilshire Blvd.. 

16A PROCEEDIXGS OF THE I.R.E. September, 19.;..?. 



Designers- The right tube...fit-1.d it with 

NEW SPOT-RATING SERVICE 
ON THYRATRONS! 

yOUR electronic circuit may require a con-
trol tube with special performance. Even 

General Electric's 36 thyratrons- largest 
choice in the industry-may not include a type 
whose published ratings are identical with the 
tube you need. 

Here G. E.'s Thyratron Spot-rating Service 
takes over. Published tube ratings, such as 
those listed on this page, apply to only one set 
of pre-established conditions. Under different 
circuit conditions, a G-E thyratron's voltage 
or current capacity may be greater. For exam-

ple, if your peak voltage is less than 1250 v, 
Type GL-3C23 in practice may be found able 
to handle in excess of 1.5 amp current. 

General Electric always is glad to recom-
mend such possibilities, after study. You can 
have a thyratron that custom-fits your circuit-
at the same time, one thaes industry-tested for 
performance. You will save by installing a 
type already in large production! ... With the 
list below as your guide, write pinpointing 
your thyratron needs! General Electric Com-

pany, Tube Department, Schenectady 5, N. Y. 

FOR EVERY APPLICATION, A CHOICE OF PROVED G-E THYRATRONS! 

Primary application end type number Average Peak Peak volts, 
amp amp invene 

Primary application and type number Average Peak Peak volts, 
amp amp inverse 

MOTOR CONTROL GL- 393-A 1.5 6 1250 

GL-C1J 1 8 700 FG-27-A 2.5 10 1000 

GL-3C23 1.5 6 1250 GL-5728/FG-67 2.5 15 1000 

GL-5720/FG-33 (3 electrodes) 2.5 15 1000 GL-5820/FG-41 12.5 75 10000 

GL-5560/FG-95 (4 electrodes) 2.5 15 1000 HIGH CURRENT AMPLIFICATION 

01-5544 3.2 40 1300 GL- 5663 0.02 0.06 500 

FG-172 6.4 40 2000 GL- 21:1121 0.1 0.5 1300 

FG-105 6.4 40 2500 01-5727 (special heater-cothade construction) 0.1 0.5 1300 

GL-6044 6.4 77 500 01:502-A (metal) 0.1 1 1300 

01-5545 6.4 80 1500 
1 01-2050 (glass) 0.1 1 1300 

GL-414 12.5 100 2000 GL-627 0.64 2.5 2500 

GL-5855 12.5 150 1500 GL- 678 1.6 6 15000 

WELDING CONTROL FG-154 2.5 10 500 

GL-5560/FG-95 0.5 30 1000 GL-5559/FG-57 2.5 15 1000 

01-5632 (gas) 2.5 30 1250 GL- 672-A 3.2 40 2500 

GL-6011 ( gas and mercury) 2.5 30 1250 MODULATOR SERVICE 

FG-172 ( metal) 2.5 77 750 
GL-6130 0.045 35 3000 

FG-105 ( glass) 2 5 
4 

77 
16 

750 
10000 

01-5948 1 1000 25000 

SPECIAL AP'LICATIONS REGULATED POWER SLPPLY 

FG-81-A (3 electrodes) 0.5 2 500 *GL- 5662 1 (fuse tube) 1 200 

FG-98-A (4 electrodes) 0.5 2 500 **01-8135 (2 5-v heater) 1 0.075 0.3 350 

FG-97 0 5 2 1000 **01-884 ( 6.3-v heater) .1 0.075 0.3 350 

GL-5557/FG-17 0.5 2 5000 *for electroni::-blanket cont-ol **for oscilloscope sweep circuits 

YEARS OF f ' KIRK/it 

124~1•000,0 GENERAL ELECTRIC 
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batch to batch uniformity 

that makes inspection unnecessary 

We have used every type of GA &F Carbonyl Iron 

Powder thus far produced. The overall quality 

and batch-to- batch uniformity of your products 

have always been gratifying to us. Because of 

this product dependability, we feel that incoming 

inspection of your powders is unnecessary. 

S'1> 
President 

Pyroferric Company, Inc. 
621 East 216th Street 
New York 67, N. Y. 

e 

GA8 r CARBONYL IRON POWDERS 
MEMBER 

mpa 
Mtn POIVIUR 
ASSOCIETI011 

Division of GENERAL DYESTUFF CORPORATION 

gdc 
ANTARA 

G A & F Carbonyl Iron Powders are used to 
produce cores for transformer and inductor 
coils— to increase Q values, to vary coil in-
ductances, to reduce the size of coils, to 
confine stray fields and to increase trans-
former coupling factors. 

These powders are microscopic, almost per-
fect spheres of extremely pure iron. They 
are today produced in eight carefully con-
trolled types, ranging in average particle. 
size from three to twenty microns in dia-
meter. The Carbonyl Process assures the 
quality and uniformity of each type. 

We urge you to ask your core maker, your 
coil winder, your industrial designer, how 
G A & F Carbonyl Iron Powders can increase 
the efficiency and performance of the equip-

ment or product you 
make, while reducing 
both the cost and the 
weight. We also invite 
inquiries for powders 
whose performance 
characteristics are 
different from those 
exhibited by any of 
our exi›Iing types. 

This 32- page book 
offers you the most 
comprehensive treat-

ment yet given to the characteristics and 
applications of G A & F Carbonyl Iron 
Powders. 80% of the story is told with photo-
micrographs, diagrams, performance charts 
and tables. For your copy— without obliga-

tion—kindly address Department 58. 

435 HUDSON STREET • NEW YORK 14, NEW YORK 
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IINTERNAL 

J> 

INSULATORS 
SUPPORTS AND  

AlSiting 393,544,548 tovn 1136, 1137 
Anode • Cathode • Grid • Heater 

SPACERS 
AlSiMog 393, 544, 548, 211-S 

Lava 1136, 1137 

For materials to match your 

PERFORMANCE REQUIREMENTS 

dprovides the 

widest choice of 

INSULATING COMPONENTS FOR ELECTRON TUBES 

Lava and compositions of Alumina, Steatite or Forsterite 

Progress on tube design depends to a great extent on the 

materials available for their construction. In AlSiMag you have 

the widest choice of materials to match your requirements. 

New materials are constantly being developed to meet spe-

cific problems. 

The wide choice of AlSiMag ceramics permits you to balance 

your mechanical and dielectric requirements for your specific 

use. 

TEST SAMPLES from our files sent free on request. SAMPLES 

to your blue print made at reasonable cost. BULLETIN NO. 

537 " Internal Insulators for Electronic Tubes" sent on request. 

• • • • • • • • • • • • • • • • • • • • • • • • • • 

5 2ND YEAR OF CERAMIC LEADERSHIP 

AMERICAN LAVA CORPORATION 
A Subsidiary of Minnesota Mining and Manufacturing Company 

CHATTANOOGA 5, TENNESSEE 

OFFICES: METROPOLITAN AREA: 671 Broad St., Newark, N. J., P.titchell 2-8159 • SYRACUSE, N. Y.: 

330 Arlington Ave., Phone 76-5068 • CLEVELAND: 5012 Euclid Ave., Room 2007, Express 1-6685 
NEW ENGLAND: 1374 Mass. Ave., Cambridge, Mass., Kirkland 7-4498 • PHI LADELPH IA: 
1649 N. Broad St., Stevenson 4-2823 • ST. LOUIS: 1123 Washington Ave., Garfield 4959 

CHICAGO: 228 N. LaSalle St., Central 6-1721 • SOUTHWEST: John A. Green Co., 6815 
Oriole Dr., Dallas 9, Dixon 9918 • LOS ANGELES: 5603 N. Huntington Dr., Capital 1-9114 

ENVELOPES 
Precision ground internally and externally 

AlSiMag 576, 243 

• • • • • • • • • • • • • * • 

TUBE BASES — AlSiMag 196 



O Protection against bending during handling is achieved by recessing 
each blade-type terminal in a notch in the bakelite base of the control. 

O Valuable mounting space is conserved on the printed circuit panel by 
placing the terminals close in to the mounting bushing. 

• Adequate clearance for circuit paths is provided by ample spacing 
between terminals. 

O Available in miniaturized 3/4" diameter (U70) and in 15/16" diameter 
(U45, GC-U45. WF-U45). 

For your printed circuit applications. CTS offers consultation without 

obligation. 

SLOTS 70 RECEIvE . 016 7 Y.I . 

t.0,037 SOLDER TAILS 

SLOT 10 RECEIVE . 01E7 t.001 . 

.062" 2.003 . SOLDER TOIL 

I- 3 

H066 TO RECEIVE .020" x. 

.00Le LOCATING LUG 

' - CLEARANCE HOLE 

FOR I/O' DIA. 

TNITEADID buSRING 

SLOTS TO RECEIVE . 019 . TO .02E" 

O .062" t.003" SOLDER TAILS 

CLEARANCE HOLE FOR 

0/8" 0,A. TNREADEO 

AIUSMING -- 

I 

—SLOTS WILL RECEIvE STANDARD 

OTRO 7/IG . RADIUS LOCATING 

LUG AS WELL AS ROUNTING 

EARS ON CIS TYPE PLI5 TWISTED 

, EAR MOUNTE0 CONTROL. 

Ample spacing between printed circuit terminal 
openings for the miniature Type U70 series pro-
vides adequate clearance for circuit paths. 

Ample spacing between printed circuit terminal 
openings for Types U45, GC-U45 and WF-U45 
provides adequate clearance for circuit paths. 



Type U70, 3/4" diameter mini-
aturized variable composition 
resistor with special printed 
circuit terminals. Wattage rat-
ing: .3 watt for resistances 
through 10,000 ohms, .2 watt 
with 350 volts maximum across 
end terminals for resistances 
over 10,000 ohms. 

Type U45, 15/16" diameter, var-
iable composition resistor with 
blade-type printed circuit ter-
minals.Wattage rating: 1/2 watt 
for resistances through 10,000 
ohms, 1/3 watt for resistances 
over 10,000 ohms through 
100,000 ohms and 1/4 watt with 
500 volts maximum across end 
te-minals for resistances over 
100,000 ohms. 

Type GC-U45, 15/16" diameter, 
variable composition resistor 
with blade-type printed circuit 
terminals same as U45 except 
with attached SPST, 3 ampere, 
125 volt "GC" type switch. Also 
available with type "WF", 
DPST, 3 ampere, 125 volt 
switch. (Variable resistor type 
WF-U45.) 

CHICAGO TELEPHONE SUPPLY 
eyeelaileet 

ELKNAIIT • INDIANA 

REPRESENTATIVES 
Henry E. Sanders, McClatchy Bldg. 

69th 8r, Market St.. Upper Darby, Penna. 
Phone: Flanders 2-4420 

W. S. Harmon Company, 1638 So. La Cienega Blvd. 
Los Angeles 35, California • Phone: Bradshaw 2-3321 

.1,1m A. Green Company. 5815 Oriole Drive 
Dallas 9, Texas 

IN CANADA 
C. C. Meredith ec Co., Ltd., Streetsville. Ontario 

SOUTH AMERICA 
Jose Luis Pontet 
Buenos Aires, Argentina • Montevideo. Uruguay 
Rio de Janeiro, Brazil • Sao Paulo, Brazil 

OTHER EXPORT 
Sylvan Ginsbury 
8 West 40th Street, New York 18, N. Y. 

,ewxkireet aemki d'iedeection 45eWetialie d?eista454:1 
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Compounding ingredients 
are blended with natural or 
synthetic rubber in Banbury 
mixers or on mixing mills 
for uniformity of cell 
structure. 

Closed cells are responsible for the structural 
strength and superior physical properties of 
Rubatex—not possessed by ordinary sponge 
rubber with open coarse cells which are wide 
open to oxygen and moisture. 

Rubber bas a stubborn "memory' 

and constantly strives to return to its 
original character. Rubatex temporarily 
knocks the "fight" out of rubber 

by blending it with specially developed compounding 
ingredients on mixing mills or in Banbury mixers to assure 
a uniformity of cell structure throughout. 

When rubber regains its wind, Rubatex hits it again by 
blowing nitrogen under pressure into the precured sheets — 
forming millions of nitrogen-filled cells, permanently sealed 
with tough live rubber. Thus Rubatex reforms and transforms 
rubber into a material with a unique closed cellular structure 
that shuts out oxygen, heat, cold, moisture, dust and dirt . . . 
making RUBATEX far superior to other soft rubber materials 
for sealing, gasketing, cushioning, sound deadening, vibration 
isolation, and packaging applications. 

In addition, RUBATEX is soft, pliable, easy to work with. 
It is available in natural and synthetic stocks in soft, medium, 
and firm form. Next time— check the advantages of 
RUBATEX first! 

RUBATEX AT WORK 

AUTOMOTIVE & AIRCRAFT 
• Arm rests 
• Battery supports 
• Lamp gaskets 
• Heater core gaskets 
• Cowl gaskets 
• Window gaskets 
• Fuel cell cushions 
• Floor mats 
• Anti-squeak pads 

CONSTRUCTION 
• Expansion joint seals 
• Weather stripping 

INDUSTRIAL 
• Instrument gaskets 
• Fatigue mats 
• Low temperature 

insulation 
• Dust-proof seals 
• Moisture-proof seals 
• Gasketing 
• Vibration isolation 
• Shock absorption 

Send us details of your proposed applications and let us send you samples and recommendations. 

Write Dept IRE-9. Great American Industries, Inc., Rubatex Division, Bedford, Virginia. 

FOR AIR THAT PROTECTS- USE RUBATEX 

PAC K AGI NG — Packing 

cushion for fragile goods 

and delicate scientific 

instruments. 

REFRIGERATION — Gasket-

ing for refrigerator and 

cold storage room doors. 

SPORTING GOODS — “Air 

cushioning" padding for 

athletic equipment and 

apparel. 

CONSUMER & HOUSEHOLD 
PRODUCTS 

• Shoe innersoles 

• Hearing aid 
"cushioning" 

• Appliance gaskets 

• Bath and kitchen mats 

PROCEEDINGS OF TI1E ¡ RE. àeptember, 1953 
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Model 1 Radiohm 
Miniature 

% 
Series 20 Miniature 
Phenolic or Steatite 

Insulation 

Standard Size 
Phenolic or Steatite 

Insulation 

Lever Switch 

\\. 

BC Discs TC Discs TV HI-VO KAPS 

Model 2 Radiohm 
Model 2 Radiohm 

'including JAN types) 

Model 2 EXPRESS it) 
for immediate 

prcduction needs 

FOR SALE! 
These and 100,001 other 

electronic components for 

increased performance... 

by the industry's most ex-

perienced and No.1 electronic 

component source 

W HETHER you buy elec-
tronic components in 

small lots or by the carload — 
here's why it's good business 
to concentrate your five major 
electronic com ponents problems 
with Centralab: 

• Centralab has pioneered more 
electronic -firsts- than any man-
ufacturer in the field. 

• Centralab Printed Electronic Cir-
cuits offer a new concept in re-
ducing extra parts, assembly•time, 
errors and costs. 

• Centralab ceramics are second to 
none—available in grade L5 and 
L6 Steatite. 

• You can count on the production 
facilities of seven conveniently 
located plants. 

• Continuous CRL product improve-
ment. 

• Unequaled engineeling assistance 
for developing spedtic TV, FM, 
military and commercial electronic 
components. 

Centralab electronic compo-
nents are the result of more 
than 30 years' experience work-
ing in cooperation with manu-
facturers all over the world. 
For complete performance data 
and engineering specifications 
on products shown— check 
and mail the coupon. 

fTrademark 

neuft 

- / 

Transmitting Capacitors Ceramic Trimmers 

Compentrol It) 
Infinitely variable 
loudness control 

Series 30 
Dual Concentric 

Switches and/or Controls 
Combinations 

Tone Switch 

BC Tubular TC Tubular 

Min ature Resistor and 
Resistor-Capacitor Units 

I PC•31) 

111 

Standard Triode 
Couplate Vertical Integrator 

Audet 
Audio- detector plate 

Oinrog 
t 

e;\ 

f•  

y, 

Custom Ceramics 
(Steatite, Centradite, 

Zirconite.) 

1 
'C-176 

2 3 

Special P ates 
to suit manufacturer's 

requirements 

1".." 

dk—degtit .1.11 

w.un. eicc.tw. 
111L4111U .11111.111131 

dd. 

112LAILL-ine."«««"' 

Metalized Ceramics 

!•• • 
•2,2 • 

PC '30 

2 3 4 

‹..e> 

90 

t 2 8 42 6 

Cen 
A Division of Globe-Union Inc. 

920-I East Keefe Ave., Milwaukee 1, Wisconsin 
In Canada, Be* 208, Ajax, Canada 

Please send me information on these Centralab products: 
D Controls El Switches D Capacitors 
D Printed Electronic Circuits D Ceramics 

Name Title  

Company  

Address  

City Zone çtatc  
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HOW TO OFFER AIR SUPPORT 

when target is not seen 

/ 

Blinding rain! Darkest night! Obscuring clouds! One of these 

conditions . . . or all three combined ... deter planes from 
seeking out and destroying enemy strong points in support 

of friendly front line troops. That's why the Ford Instrument 
Company was called in by the Navy to design and build 

compact, airborne equipment to do this job. 

This is typical of the problems that Ford has been given 

You can see why a job with Ford Instrument offers young 

engineers a challenge. If you can qualify, there may be 

a spot for you in automatic control development at Ford. 

Write for brochure about products or job opportunities. 

State your preference. 

Uur Aircraft 

Nt. 

Ehemy 
' 

FtiendlyTroops 

by the Armed Forces since 1915. For from the vast engineer-

ing and production facilities of the Ford Instrument Com-
pany, corne the mechanical, hydraulic, electro-mechanical, 

magnetic and electronic instruments that bring us our -to-

morrows" today. Control problems of both Industry and the 
Military are Ford specialties. 

FORD INSTRUMENT COMPANY 
DIVISION OF THE SPERRY CORPORATION 

31-10 Thomson Avenue, Long Island City 1, N. Y. 

24. PRUCH::DINGS 



Telecomputing announces... 

THE TELEDUCER 
Automatically Records Voltage 

In Decimal Digits 

With 0.1°4 Accuracy 

Computing Service 

Your computing and data reduction problems, 

large or small, can be handled quickly, 

efficiently by Telecomputing's staff. Time 

and cost estimates will be presented if you 

will send information defining your problem. 

It offers these 
important advantages: 
Provides 0.1% accuracy 
(1,000 counts full scale). 

Provides for minimum full-scale 
input of 20 millivolts 
(20 microvolts per count). 

Requires only 0.8 second or less 
for balancing. 

Uses a simple bridge-balancing circuit. 

Reads low voltage without 
DC Amplification. 

Does not hunt or oscillate. 

Presents visual reading of voltage 
on neon indicator bank. 

Permits tabulated digital output when 
used with Program Unit and Electric 
Typewriter. (Digital recording in punched 
IBM cards or teletype tape available 
when used with suitable program units.) 

TELEDUCER Technical Bulletin 104 and Technical Bulletins 106 and 
107, giving specifications on the Program Unit and Electric typewriter, 
will be mailed you upon request. Coupon below is for your convenience. 

TELECOMPUTING 
CORPORATION 

BURBANK, CALIFORNIA 

Mr. Preston W. Simms, Dept. IRE- 9 
Telecomputing Corporation, Burbank, California 

D Please send nie Teleducer Bulletin 104. 

ii=1 Please send me Bulletins 106 and 107 on the Program Unit and 
Electric Typewriter. 

Name 

Company 

PROCEEDINGS OF THE I.R.E. September, 1953 
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At Last! STANDARD COMPONENTS to mount your circuitry in 
vertical planes that SAVE SPACE ... SAVE PRODUCTION COST... 
ARE NATURALS FOR PLUG-IN CONSTRUCTION 

It's as simple as this 

ALDEN PRE•PUNCHED 
TERMINAL MOUNTING 
CARDS pre-cut to. proper size 
for Alden 7-pin, 9.pin, I 1-
pin and 20-pin Plug in Pack-
ages. Or in 3' strips for chassis 
— cut ir off as you require. 

ALDEN MINIATURE 
STAKING TERMINALS 
mount in any pattern on 
Terminal Mounting Cards. 
Ratchet slots hold elements 
for soldering without pliering 
or wrap-around. 

ALDEN JUMPER 
STRIP stakes 
right under Termi-
nals providing 
common circuit 
without soldering. 

ALDEN CARD 
MOUNTING 
TUBE SOCKETS 
for miniature 7-
pin and 9-pin and 
octal tubes. 

ALDEN TERMINAL CARD MOUNTING SYSTEM 

Take the above bask components, lay them out on full scale Planning Sheets 

Alden Handbook. Following the Plan Sheet, Miniature Terminals and Tube 

11# —"V  1 We can do it for you if you have volume production, so Cards come to you ready 

gm, 180•111.. ''''' 

ri : In .  .: : : ifirei4ii.: :11:,,„, ' :::„   found in 

to snap electronic elements and wiring into place for quick soldering. 

be used for wiring   Your design and production are simplified. Wiring is on open, 

easy-to-work sub-assembly, so units can come through production independently or be easily subcontracted. 

ALDEN 
PLUG-IN 
PACKAGE 

4 SIZES OF PLUG-IN PACKAGES 
Alden standard 
Bases, Lids. Han-
dles. Cans. Sockets 
for 7. 9, II and 
20- pin packages 
house Terminal 
Card Circuitry with 
tremendous flexi-
bility for endless 
variety of open 
and shielded pack-
ags . making it 
easy and inexpen-
sive to give your 
equipment reliabil• 
icy in service with 
instantly replace-
able plug- ins for 
all sub- units. 

— and how easy 

'as> 4bi). P«,,r 
7-pin 9-pin 11-pin 20-pin 

Package components and 
matching sockets. 

ALDEN 
'BASIC 
CHASSIS 

to assign to each plug-in 

See how compact front 

Panel easily mounts obi 
tiny Alden Sensing 
Elements — specifleolly 

'designed to lick the prob-
tern or having only a small 
amount of space. Assem-

bled by simplet method.-

34k ALDEN 
MINI-TEST 
POINT JACK 

For checking critical 
voltages from front of 
panel. 

Both sides can 

4 SIZES OF 
ALDEN BASIC CHASSIS 

11 4w 2, 4, 8, 17" 
Ità ab 

• - 

— and how beautifully these circuitry planes become plug- ins 

Alden Universal 
Rack Adapter 

unit a tiny tell-tale 

ALDEN 

Miniature indicator 
light with unbreakable 
I-piece light-lens unit 
replaceable from front. 

Your circuitry on Ter-
minal Card strips 
snaps right into Alden 
Basic Chassis. Vertical 
mounting and hinged 
front pane/ give beau-
tiful accessibility and 
space saving. Chasses 
can be plugged inter-
changeably into Stand-
ard Racks, Alden Uni. 
Racks, Alden Portable 
Cases. Alden Rack 
Adapter mates Stand-
ard Rack to Chassis. 

Plugged into 
Standard Racks 

Plugged into 
Allen Uni-Racks 

"A 

Plugged into 
Portable Cases 

to spot trouble instantly 

ALDEN 
"FUSE-LITE" 

Fuse blows — Lite 
glows. Simply unscrew 
I-piece light-lens unit 
and blown fuse comes 
out with it. 

—and to organize circuitry for 1 point of check, with 30-second replacement 

3. Critical voltages 
isolated by wide 
spacing. 

Alden's new concept in Rack-and-Panel 
Connectors, eliminates congested rats' 
nest of blind wiring and provides — 

1. Connectors are spread out 
in an orderly row, giving a 
central point of check. 

4. Possible to jump 
contacts because both 
sides are instantly 
accessible. 

"MI 

2. All leads are instantly 
accessible, identified by 
number and color-coding. 

All you need is this Kit — 

@Alden 
Serve-A-Unit Locks 

O Alden Slide Rails 
It's as simple as this — 
Arrange Alden Side Rails ( I) and 
Alden Lock Frame ( 2) to suit your 
chassis. Alden Serve-A-Unit Locks ( 3) 
mount in your chassis to engage pre-
punched holes in Alden Lock Frame 
(2) to pilot, draw in, lock or eject. 

0 Alden 
Lock 
Frame 

GET THE COMPLETE STORY — REQUEST "ALDEN HANDBOOK" — SENT FREE 

()Alden Back 
Connectors 

il 

ALDEN PRODUCTS CO. 121 N. Main St., Brockton 64, Moss. NA-ALO 



re 

hieseftoneer 
TYPICAL ELECTRICAL CHARACTERISTICS 

GENERATOR DATA MOTOR DATA 

Linearity- 1/2  of 1% to 4000 rpm 18 or 26 volt, 400 cycle, 2-
Output- 300 my/ 1000 rpm with phase low inertia motor 

18 volt, 400 cycle excitation 

Null- 10 mv or less 

For further information, write Department G. 

ECLIPSE-PIONEER DIVISION OF... 

TETERBORO, N. J. 

Export Sales: Bondis Internationa. Division 

205 East 42nd St., New York 17, N. Y. 



1,000,000 Capacitors. • • 
and Not a Defective One in the Lot 

(so a customer told us) 

Whenever you have a problem 

involving capacitors or related 

circuits, get in touch with us. Our 

engineers will be glad to work with 

you. If you want complete (lata on 

any of the following types of 

capacitors, write us for literature. 

Dry Electrolytic Capacitors 
Normal apidications 
Temperature extremes 

Sub-miniature size 

Paper Dielectric Capacitors 
Metal tuhulars 
Bathtubs 
Noise suppression 

Expect more . . . Get more front M ALLOR 

Parts distributors in all major cities stock Mallory standard components for your convenience 

Acustomer who buys Mallory Capacitors at the rate of a million 

or more per y ear, reported their records showed not a single 

field reject during the past twelve months. 

Actually there may have been some defective units during that 

time. It hardly seems possible to make a million of anything with 

a perfect score. 

But, the significant point is that this customer...like many 

others ... has found by experience that the reject ratio on Mallory 

Capacitors is lower than that of any other supplier they deal with. 

Unusual story ? Not at all. This kind of dependability is the 

natural result of the exacting standards for manufacturing and 

quality control Vou find at Mallory. You are assured of absolute 

uniformity when you buy Mallory. Capacitors ... whether it is a 

hundred or a million. 

121:niu..a • y  

MALLORY 
P. R. MALLORY EL co.. Inc. SERVING INDUSTRY WITH THESE PRODUCTS: 

Electromechanical— Resistors • Switches • Television Tuners • Vibrators 

Electrochemical— Capacitors • Rectifiers • Mercury Batteries 

Metallurgical—Contacts • Special Metals and Ceramics•Welding Materials 

P. R. MALLORY 8, CO. INC., INDIANAPOLIS 6, INDIANA 
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UG-569/U UG-572/U 

UG-643 /U 

• • • 

UG-571/U 

UG-573/U UG-564/U 

UG-565 U UG-567/U 

CONNECTORS 
by KINGS 

C Series Connectors are a greatly im-
proved mechanical and electrical type 
of co-axial connector. They are con-
stant impedance and are designed 
for use with 50 ohm, middle size RF 
cables. 

The C Series like every co-axial con-
nector made by Kings is the result of 
constant research and development. 
Engineering ingenuity and precision 
manufacture have put "Connectors by 
Kings" in the front-line of communica-
tions equipment for industry and the 
armed services. 

If you have a connector problem con-
sult Kings. You'll be glad you called 
on Kings first. 

HMS & e-ctiteette.-4 CO, INC. 

40 MARBLEDALE ROAD, TUCKAHOE, N. Y. 
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STYLE 83 I 

STYLE 801 

STYLE 811 

)127 DISC CERAMICONS 
A Great Forward Development in 

STYLE 821 

STYLE CAPACITANCE RANGE—MMF 

831 
801 
811 
821 

220-540 
540-850 

850-2500 
2500-4500 

Tolerance: ± 5%, ± 10%, ±20%, GmV 

K- 1.0K* 

57481tey 
A Premium High Dielectric 
Constant Ceramic Capacitor 

(PAT. APPLIED FOR) 

ERIE takes pride in announcing this significant 
advance in ceramic capacitor design and applica-
tion. K-LOK dielectric is the result of several years 
development activity having one planned objective 
— to produce premium performance character-
istics in High-K ceramic capacitors. 

In K-LOK we have achieved the enviable combi-
nation of high capacitance and really substantial 
stability under environmental extremes. The 
K-LOK is being produced and sold in addition to 
the standard line of ERIE Hi-K Ceramicons. 

OTHER FEATURES TO BE NOTED ARE: 
• Power Factor: 1', maximum 

• Insulation Resistance: 10,000 megohms minimum 

• Protective Insulation: Low loss phenolic dip for moisture 
seal and mechanical ruggedness 

• ERIE K-LOK ceramic can be used on special order in supply-
ing various high voltage disc capacitors and printed circuits 

O FLAT TEMPERATURE 
CHARACTERISTIC 

Greatest capacitance change from 
25°C value: 
+ 5%, — 5% from — 55°C to 
-1- 105°C 
+ 5%, — 10% from — 55°C to 
▪ 125 °C 

o STABILITY WITH AGE 
1% maximum capacitance decrease per 
decade of time. 

O LINEAR CIRCUIT OPERATION 
Both voltage coefficient of capacitance 
and piezo-electric effect are low. 

O IMPROVED LIFE RATING: 
up to 1000 VDCW 85 C 

up to 500 VDCW 125 C 

Samples available on request 

'TRADE MARK 

ERIE components are stocked by leading electronic distributors everywhere. 

ERIE RESISTOR CORPORATION . . . ELECTRONICS DIVISION 

Main Offices: ERIE, PA. 
Sales Offices, Cliffside, N. J. • Philadelphia, Pa. • Buffalo, N. Y. • Chicago, 11 

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

Focfor es ERIE, PA. • LONDON, ENGLAND • TORONTO, CANADA 
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24h0e TAPE RECORDING 

„ #04/1-30P-i 

Records Every Word TIMED TO THE MINUTE 

Mir 

Model D-24 
Dual Channel 

Erase the 24-hour tape in just 20 secords 
— simply by rotating the reel in the 
SoundScriber Tape Demagnetizer! 

NEW SoundScriber 24- hour Tape Recorder 
INVALUABLE for Monitoring all Communications 

Continuous, uninterrupted, unattended magnetic tape re-
cording for a full 24-hour day—with the time printed on 
the tape to indicate the exact minute of recording—that's 
the story of this new SoundScriber 24-Hour Tape Recorder, 
already proved in hundreds of military installations. 

This new SoundScriber developtnent is versatile, trouble-
f ree, requires no attention during operation. It records a 
single channel, or dual channels simultaneously, from mic-
rophones, incoming lines, or a combination of both. Built-in 
speaker or accessory headphones allow instant "listening-
in" while recording or playing back. 

The 24-hour reel (if tape, only seven inches in diameter, 
makes a complete, economical, permanent automatically 
timed record of a full day's communications .. . or is easily 

Designed and produced 

by the manufacturers of 

Sound 
DICTATING 

TRA DEM A Re 

Scriber 
EOUIPMENT 

erased for repeat.en re-use. Longer recording periods, 
almost unlin-Oted in time, can be attained through simple 
modifications. 

SoundScriber's unique mechanical design operates at 
approximately 1/60 the speed of conventional tape recorders 
—assures longer life and minimum service attention. 

Contained in a sturdy aluminum carrying case, the Sound-
Scriber 24-Hour Recorder operates from standard electrical 
outlets. The chassis is easily removed for mounting in 
conventional 19" rack. 

The 24-Hour Recorder meets JAN specifications. It is now 
available for immediate delivery to commercial and other 
users. 

The SoandScriber Corporation 
New Ha ien 4, Conn., USA 

I want to know more about your 24-Hour Tape Recorder. Please 

send further data and sample of tape. 

Name  

Address 

Kind of Business or Operation_ 

C.ty 

IRE-9 

MAIL COUPON TODAY FOR FURTHER I \ FORMATION 
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New oval-shaped General Electric capacitor saves 
space and weight in your electric equipment 

If you're using fixed paper dielec:ric capacitors in case 
styles CI' 53 and CP 70 it will pay you to consider 
General Electric drawn-oval units. These drawn-oval 
capacitors provide unsurpassed reliability combined 
with the important advantages of permitting smaller 
size, less weight and lower cost in the electric equip-
ment you manufacture. 

RATINGS range from 1 to 10 muf, 600 to 1500 volts 
dc, or 330 to 660 volts ac. Choice of mounting arrange-
ments makes them ideally suited for air-conditioning 
units, electronic equipment, motors and controls or 
other applications where units capable of meeting all 
electrical and mechanical requirements of MIL-C-25A 
specs, except for case dimensions and markings, are 
desirable. 

DOUBLE-ROLLED SEAM attaches cover to drawn-steel 

case—producing a lighter, yet stronger capacitor. 
Actual savings in size and weight vary with case style 
and rating but can amount to as much as 30%. Depend-
ing upon case style and quantity ordered, prices average 
10 to 20% lower than for rectangular capacitors. 

MOUNTING VERSATILITY is provided by choice of 
three bracket styles for upright, inverted and side 
mounting to suit individual mounting requirements. 

For more information on the new G-E drawn-oval 
capacitors, their ratings, 
dimensions and prices, con-
tact your local G-E apparatus 
sales representative or write for 
Bulletin GEA-5777, General 
Electric Co., Section 442-10, 
Schenectady 5, N. Y. 

Off ceeeAvedpee eel/Jae/wee 

GENERAL ELECTRIC 

17"rm. 

47 
,01875,9.,3 

YEARS OF ELECTRICAL LLe 

PROGRESS 
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Seal shown actual size 

Look again! 
Or  ee an individual sub-miniature hermetic seal with a 

barrel diameter of . 100. We make others as small as 

.090. For the tiniest mounts in the world. 

These glass-metal seals are particularly adaptable for rectifiers. 

hearing aids ... for many other components that you may have 

thought couldn't be hermetically sealed because of their almost 

infinitesimal size. 

Now, you know to what extremes of diminution HERMETIC can 

go to satisfy the requirements of industry and the Services. 

Above all, you should know that HERMETIC manufactures the 

largest line of hermetic seals available anywhere; the quality 

line that has attracted the greatest number of users because 

these are the only seals you can hot tin dip at 525° F. for easy 

assembly soldering, for a strain and fissure-free sealed part with 

resistance of over 10,000 megohms. They will also withstand 

sub-zero conditions, swamp test, temperature cycling, high 

vacuum, high pressure, oils, compounds, chemicals, corrosion, 

salt water immersion and spray, and are available in RMA color 

code. 

Seal illustrated is No. 1625-2; also available in . 100 is 

No. 1625-1; and SK-2170-2 with barrel diameter of 

.090. New multi-header sub-miniatures may be had 

with a variety of terminations. 

Write for information concerning your own problems and for a 

copy of our 32-page catalog. 

29 South Sixth Street, Newark 7, New Jersey 

FIRST AND FOREMOST 
PROCEEDINGS oF T1 1E IRE. Serton'er, 1Q53 

IN MINIATURIZATION 
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CUT MANUFACTURING COSTS 
With high quality Sylvania 

Tungsten and Chemical Products 

Section a the metallurgical laboratory of 
our engineering department. 

General view of Sylvania tungsten wire drawing department at our Towanda, Pa. plant. 

You take no chances—save time and money— when you use Sylvania tung-
sten and chemical products. Sylvania tungsten is quality controlled from ore 
to finished product, tested in the laboratory, in the field. Suppliers to all 
leading manufacturers in the radio and television industry, Sylvania offers 
you tungsten and chemical products that meet the highest standards of 
purity, precision, and uniformity. 

To help you work out any special high quality product or solve your 
toughest manufacturing problems, Sylvania maintains large metallurgical 
and chemical laboratories. If it's a question of anything from a precision, 
custom-made tungsten component, a special high-purity phosphor, chemical 
or compound, to silicon or germanium for crystals, put it up to Sylvania. A 
note on your letterhead brings you full particulars.Address: Sylvania Electric 
Products Inc., Dept. 3T-4509, 1740 Broadway, New York 19, N. Y. 

je SYLVAN IA er 
LIGHTING • RADIO • ELECTRONICS • TELEVISION 

Tungsten 

Radio Heater and Grid Wire 
Support Wire and Rod 

Gold Plated Wire 

Ground Seal Rod 
Formed or Ground Parts 

Cut and Bevelled Pieces 
Hand Wound Coils 

Special High Purity 

Chemicals and Compounds 

Potassium Silicate • Etching Inks 

Carbonate Emission Coatings 

Mica Spray Coatings 

Basing Cements 

Metal Powders 

Silicon • Germanium 

Phosphors 

Cathode Ray Tube Phosphors 

a 

In Canada: Sylvania Electr:c ( Canada) Ltd., University Tower Building, St. Catherine St., Monteo?, P. Q. 
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JAN-R-1 
TYPES 

Styles RC10, RC20, 

RC21, RC30, RC31, 

RC41, and RC42. 

Write for Bulletin J2 

For over 20 years... 

1/2-, 1-, and 2-wctt fixed composition 

types in all RIMA 5%, 10%, and 20% 

preferred values. 

. . . also automotive ignition suppression 
and voltage regulation; fluorescent starting; protective 
surge; and other special purpose types to your exact 
specifications. 

MICKPOLE 
Electronic Corrponents Division 

STACKPOLE CARBON COMPANY 

St. Marys, Penna. 
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for pert or 

the usual stan 

• Precision-built by the makers of the 
world's most powerful transmitting 
equipment— for the Voice of America 
—the GPL-Continental TV Transmitter 

offers quality and construction superior 
to accepted standards of today. 

Exclusive "Frequilock" feature pro-
vides aural-visual frequency control of 
4.5 mc ± 500 cycles or better, even as 
high as 890 mc. No more intercarrier 
buzz! In addition to the console unit 
there is ample rack space for picture 
and waveform monitors. Transmitter 
controls may also be operated from 
the rack. With simplified power and 

control circuits, manual controls are 
minimized. 

It is designed for compactness and 
maximum accessibility. In addition, it 
is housed in unit-construction, frame-

less type cabinet in which cabinet 
members serve not only as equipment 
mounting panels, but also as an effi-
cient duct system through which cool-
ing air is circulated. 

This 1 KW transmitter is arranged 
for ready expansion to greater output, 
or the exciter only may be operated as 
a small community station with 250 
watts output. 

Write for full details on the GPL-Continental PA-714 I KW Transmitter 

qfflip"THE INDUSTRY'S LEADING LINE IN QUALITY, IN DESIGN" 
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n Check these features of the 

pi, ea-, 1 KW UHF Transmitter 
Maximum accessibility 

Simplified power and control circuits. 

Completely air-cooled. 

Space- conserving cabinet design — 
Transview styling. 

May be operated without console — 
plenty of rack space ( 631 in cen-
trally located panel on transmitter for 
picture and waveform monitors. 

Single output tube operation for each 
power amplifier. 

Built-in VSWR metering — continuous 
power measurement. 

Exciter is a 250-watt transmitter for 
all UHF channels. 

Complete flexibility for future power 
increase. 

Features Continental's new " Frequi-
lock"—new development in frequency 
control provides aural- visual frequen-
cy control of 4.5 mc 500 cycles or 
better, even as high as 890 mc. No 
more intercarrier Buzz. 

Delivery of immediate orders in De-
cember, 1953. 

GPL MEETS EVERY STATION REQUIREMENT WITH 

EQUIPMENT OF SUPERIOR QUALITY AND UTILITY 

CAMERA CHAINS — Extremely compact, readily portable, built 
for combined studio and field use. Choice of major networks for 

• their top live programs. Exclusive remote control features provide 
pan, tilt, iris and lens change from 1000 feet away. 

PA-1 00-A TV PROJECTOR —A truly professional 16 mm 
projector to meet the continuous-service, minimum mainte-
nance requirements of economical film telecasting. Ruggedly 
built, it provides crisp, bright pictures as well as high fidelity 
sound. Sound frequency response fiat to 7000 cycles. Sound 
flutter kept at less than 0.25%. Adjustable tone controls 
compensate for poor sound films. 

VIDEO RECORDERS — A complete high-quality TV re-
cording System which produces standard 16 mm 24 
frames per second film. Images are reproduced in nega-
tive or positive on emulsion 7373 or 7302 or equivalent. 
Finest picture resolution, high quality recorded sound. 

---- General Precision Laboratory..p 
INCORPORATED 

PLEASANTVILLE NEW YORK 

Export Department: 

13 East 40th St., New York City 

Cable address: Arlab 

Cable address: Pfelob 

TV Transmitters • TV Camera Chains • TV Film Chains • TV Field and Studio Equipment • Theatre TV Equipment 
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electronic wire and cables 
for standard and special applications 
Whether your particular requirements are for standard or special 

application, choose LEN Z for the finest in precision-manufactured 
electronic wire and cable. 

GOVERNMENT PURPOSE RADIO AND 

INSTRUMENT HOOK-UP WIRE, 

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

RADIO AND INSTRUMENT HOOK-UP WIRE, 

Underwriters Approved, for 80 C., 90 C. and 105' C. 
temperature requirements. Plastic insulated, with or 
without braids. 

RF CIRCUIT NOOK-UP AND LEAD WIRE 

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

SHIELDED MULTIPLE CONDUCTOR CABLES 

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

SHIELDED COTTON BRAIDED CABLES 

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

CHECK teli 
FIRST! 

SPECIAL HARNESSES, 

cords and cables, conforming to Government and civilian 
requirements. 

eimeeedewoeim 

SHIELDED JACKETED MICROPHONE CABLE 

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

--C:=7;77-77:711811neein.AKAXX,2 

JACKETED MICROPHONE CABLE 

Conductors: Extra-flexible tinned copper. Polythene 
insulation. Shield: i36 tinned copper, closely braided, 
with tough durable jacket overall. Capacity per foot: ' 
29MMF. 

TINNED COPPER SHIELDING AND 

BONDING BRAIDS 

Construction: !,34 tinned copper braid, flattened to 
various widths. Bonding Braids conforming to Federal 
Spec. QQ-B-S75 or Air Force Spec. 94-40229. 

PA AND INTERCOMMUNICATION CABLE 

Conductors: e22 stranded tinned copper. Insulation: 
textile or plastic insulated conductors. Cable formed of 
Twisted Pairs, color-coded. Cotton braid or plastic 
jacket overall, Furnished in 2, 5, 7, 13 and 25 paired, 
to specific requirements. or. 

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

cords, cable and wire for radio • p. a.. test instruments • component parts 
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Regardless of conditions 
BLAW-KNOX CAN BUILD YOU 
A BETTER TV TOWER 

Years of experience—more than four decades, in fact— 
have given Blaw-Knox the edge in designing, fabricat-
ing and erecting antenna towers for any purpose and 
any location. Blaw-Knox TV towers are on the job in 
widely separated geographical areas ... in wide open 
fields, atop buildings in crowded cities and even 
grounded in salt water. Some have TV antennas 
already mounted—others have built-in provisions for 
TV when licenses are granted—all are heavily galvan-
ized for longer life. 

Whether you need a 100 ft. self-supporting structure or 
a 1000 ft. guyed tower to meet your requirements— 
whether for AM, FM, TV or Microwave—write or call 
today for capable engineering assistance with your plans. 

o 

b. I. 1 1 • . 

, 

• • 

BLASIEQUP M 
I ee 

DIVISION 

PIIISBJRGN , PA 

39A PROCEEDINGS OF THE I.R.E. Scptember, 1953 



,t!-TRIAD 
Designed by Triad to meet acting 
military requirements for airborne 
telemetering equipment, th tiny elec 
tric wave filter shown abo e actually 
contains eleven precisi n compo-
nents: 2 toroidal ind rs, 5 JAN-C-5 
capacitors, and rprecision wire-
wound resistors. Jhe resulting atten-
uation slope is Øver 50 decibels per 
octave. 

The same brilliant design and con-
trolled anufacturing that goes into 
Triad' distinguished line of hermetic-
ally s aled military transformers is 
availa le to you for licking the tough-

ave filter problens. Call Triad 
irst. 
For specifications and pr;ces on 

Triad's general line of transformers, 
write for Catalog TR-53H 

TRANSFORMER CORP. 

4055 Redwood Ave. • Venice, Calif. 

BALLANTINE 
STILL THE FINEST IN ELECTRONIC VOLTMETERS 

A.C. VOLIS '• 

-s‘ e 

DECIBELS „, 
14 w,C 1 r' 

Ballantine Model 300 

SENSITIVE 
ELECTRONIC 
VOLTMETER 

Featuring ci Logarithmic 

Voltage Scale and 

Uniform Decibel Scale 

• Measures 1 millivolt to 100 volts over a frequency range from 10 to 150,000 
cycles on a single logarithmic scale by means of a five decade range selector 
switch. 

• Accuracy: 2,-/, at any point on the "scale over the ENTIRE RANGE. 
• Input Impedance: !:'?, megohm shunted by 30 mmfds. 

• Generous use of negative feedback assures customary Ballantine stability. 

• Output jack and output control permit voltmeter to be used as a flat high gain 
(70DB) amplifier. 

• Available accessories permit range to be extended up to 10,000 volts and down 
to 20 microvolts. 

• Available Precision Shunt Resistors convert voltmeter to microammeter cov-
ering range from 1 to 1000 microamperes. 

For additional information on this Voltmeter and Ballantine Battery Operated 
Voltmeters, Wide-Band Voltmeters,:Peak to Peak Voltmeters, Decade Amplifiers, 

Inverters, Multipliers and Precision Shunt Resistors, write for catalog. 

BALLIITUVE LABORATORIES, INC. ti) 
102 Fanny Road, Boonton, N.J. 
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Why 

Hughes Diodes 

have set 

HUGHES GERMANIUM DIODES are designed 
to prevent such failures through two 
exclusive features: 

1. Fusion Sealing —The glass- to- metal 
seal, proved in billions of vacuum tubes, 
is incorporated to full advantage in 
diode manufacture by the Hughes-de-
veloped process of fusion sealing at high 
temperature. The result is a rigid one-
piece glass envelope making moisture 
penetration impossible. 

2. 100% Testing— One hundred per cent 
testing insures the satisfactory operation 
of HUGHES DIODES under adverse condi-
tions of moisture, temperature, vibra-

NEW 

STANDARD 

OF 

RELIABILITY 

Reliability in a germanium diode is 
determined principally by permanent 
freedom from the two major causes of diode 
failure— moisture penetration if the 
diode envelope, and electrical instability 
under extreme operativ conditions. 

tion and severe shock. Hughes testing 
procedures invite instabilities to occur 
prior to shipment and assure rejection 
of every defective diode. Each HUGHES 
DIODE is humidity-cycled, temperature. 
cycled, JAN shock-tested, and electri-
cally tested under vibration. 

Reliability of HUGHES DIODES has been 
proved in airborne military electronic 
equipment for navigation, fire control 
and guided missiles. The same high 
standard required for these uses is your 
insurance against costly shutdowns, high 
maintenance expense and time losses. 

Specify HUGHES DIODES wherever re-
liability is essential. 

HUGHES GERMANIUM DIODE ELECTRICAL SPECIFICATIONS AT 25° C. 

Test Maximum Minimum Maximum 
RIMA Peak Inverse Forward Inverse 

Description Type Inverse Working Current Current 
Voltage Voltage ® +1 v (ma) 
(volts) (volts) (ma) 

High 1N5513  190 150 5.0 0.500 (e.4 —150 v  
Peak 1 N68A 130 100 3.0 0.625 ® - 100 v 

High 1 N67A 100 80 4.0 0.005 ® -5 v; 0.050 ® -50 v  

Back 1N99  100  80 10.0 0.005 tg -5 v; 0.050 (i4 - 50 v  
Resistance 1N100 100 80 20.0 0.005 ® - 5 v; 0.050 ® -50 v 

High 1 N89  100 

--100 

80 

-- 73-5-  

3.5  0.008 ® -5v; 0.100 ® -50 v  

Back 1N97 10.0  0.008 ® -5 v; 0.100 ® -50 v  
Resistance --T"r rf" ---trt9a —  100 80 20.0 0.008 g -5 v; 0.100 g -50 v 

High 1N116  
- 75  60 5.0 0.100 ® -50 v  

Back 1N117  75 60 10.0 0.100 ® -50 v 
Resistance 1(4118 - .--. 75-P- --6F - 20.0 0.100 ® -50 v 

1 N90  75 60 5.0 0.800 ® -50 v 

Purpose   
1N95 75 60 1-0.0 0.800 g -50 v  

1 N96 75 60 20.0 0.800 ® -50 v 

1N126" 75 60 5.0 0.050 ® - 10 v; 0.850 (4.1 - 50 v 
JAN   

--OF - - FocT — 
Types 

1N1271 

1N1281 50 40 

3.0 
- - —  

3.0 

0.025 0 - 1 0 v; 0.300 ® - 50 v 

0.010 (rt_,' - 10 v 

"That voltage at which dynamic resistance is zero under specified conditions. tacts Hughes Diode is 
subjected to a voltage rising linearly at 90 volts per second. 

"Formerly 1N69A. f Formerly 1N70A. t Formerly 1N81A. 

0 1953, H. A. C. In addition to RTMA types, HUGHES 
DIODES are also supplied too per cent 
factory-tested to special customer specifications. 

'Mau 

Semiconductor 

nt 

AIRCRAFT COMPANY 

CULVER CITY, CALIFORNIA 

I Fusion 
sealed 

in 
glass 
for 

electrical 

stability 

98" 

.265" 

_4_ 

actual 
size 

Address 
inquiries 
to 
Dept. PR 
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Type 1 Bradleyometer in 

single unit construction, 

without line switch 

Type 1 Bradleyorneter for 
screw driver odiustment 
with bushing shaft lock 

... 

I 

Type 1 Bradleyometer in 
triple unit con,truction 

ADJUSTABLE RESISTORS 

and POTENTIOMETERS 

Type 1 Brad-

leyometer, 
single unit, 

with line 

switch 

ANY RESISTANCE- ROTATION CURVE 

SHAFT ROTATION 

During manufacture, the molded 

resistor can be varied in resist-
ance throughout it, circumference. 

After molding, it is unaffected by 

temperature or moisture. 

Type 1 Brodleyometer, of 

the dual type construction, 
with line switch 

SHAFT ROTATION 

QUALITY CONTROLS for CRITICAL CIRCUITS 
If you need a potentiometer or adjustable re-

sistor that is not affected by moisture, cold, or 

age, specify the Allen-Bradley Type J Bradley-

ometer. It is not a film or paint type resistor. 
The resistor can be built up to produce any 
form of resistance- rotation curve. 

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

After molding, the resistor is no longer affected 
by heat, cold, moisture, or age. There are no 
rivets, nor welded or soldered connections. 
The shaft, cover, faceplates, and other metal 

parts are made of corrosion resistant metal. 

Let us send you the latest Bradleyometer data. 

ALLE(BROLEY 
FIXED Ett ADJUSTABLE RADIto RESISTORS 

Sold exclullvely to rnonutucturers 

QU 

et2A 

of radio and electronic equipment 
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DIFFUSED JUNCTION 
GERMANIUM RECTIFIERS 

ABSOLUTE MAXIMUM RATINGS —T-55 C— RESISTIVE LOAD 

DIFfUSED JUNCTION RECTIFIER 1N9I I N92 IN93 I N94 1N151 1N152 IN153 

Reif INPUT VOLTAGE (Volts) 

PEAK DIVERSE VOLTAGE' (Volts) 

PEAK FORWARD CURRENT (Amps ) 

C. OUTPUT CURRENT* (Mel 

DC OUTPUT CURRENT-
CAPACITIVE LOAD (Ue) 

100 

0.47 

150 

200, 

0.31 

100 

300 

0.25 

75 

130 

380 

1.57 

500 

350 

35 

• 100 

70 

200 

105 

300 

1.57 

500 

350 

1.57 

500 

350 

1.57 

930 

350 

25 

0.7 

1.2 

D C. SURGE CURRENT (Amps.) 

FULL LOAD VOLTAGE DROP (ront. peak) 

LEAKAGE CURRENT (Mo., @ rated P I.G.) 
CONTINUOUS REVERSE • 

WORKING VOLTAGE (Volts D C ) 
OPERATING FREQUENCY (KC) 

STORAGE TEMPERATURE (°C) 

25 

0.5 

2.7 

30 

50 

85 

25 

0.5 

- 1.9 

65 

50 

85 

25 

0.5 
25 

0.7 

II 0.8 

100 I,  185 

50 50 

85 85 

25 25 

0.7 0.7 

2.4 I 1.9 

30 

so 
65 

so 
100 

50 

85 85 85 

'Typical absolute maximum ratings. For other combinations refer to Fig.) 

AfeedFROM OUR 
ADVANCED DEVELOPMENT 

LABORATORIES 

Silicon junction diodes have been 
successfully operated above 400°F 
(more than 200°C). This is hotter 
than the melting point of the lead-
tin solder ordinarily used to wire 
these signal diodes into circuits. 

e  1871751,13 .2re  

• VEARS OF FLFCTRICAF eaocar, .1„.e=• 

GENERAL 

• VERY LOW LOSSES when used for power supplies, bat-
tery chargers, filament  supplies and switching circuits. 

• HERMETICALLY SEALED against deteriorating elements. 
Glass-to-metal seals throughout. 

• MINIATURE SIZE to facilitate use in all electronic equip-
ments, ) t heat losses are dissipated efficiently. 

• DESIGNED tO meet all military humidity tests and shock 
and vibration requirements. 

• MULTIPLE ARRANGEMENTS can be made for full wave or 
bridge circuits up to tens of amperes. Send us your re-
quirements—our engineers will furnish a complete 
recommendation. 

Send for complete specifications: General Electric Co., 
Section 5293, Electronics Park, Syracuse, New York. 

a  il 011MICYaltriliff III MIMI 
CURRENT CPARACTOW1141 BB 

a OeffUff0 JUNCTION L' am . :mum . WAIAAIIIM acnnutt 
il relP: 55•C - , BM MIUMBUI 
Me fitfeoom 4_111311111 MMInliy 
MM • 1 MMMM HMV 
MMMM mm amumm Imp- im 
ummommummumwoleimi 
mumummInnrnmemmew-- lim 
immitirirmrivirelii . In 
mummumminummwigummum 
simmummezieftWermmemmi 
MMUMMIMOMP4O1M14 RIMIRMIM 
MUMMFMMMEMIVAIMM IMUMIMM 
MBIMIMMEMMIVOMB2 LAMM 
MUMUMMUMMUMMUMWM &MUM» 
MIMIBMMUMBffleleMMIM EMIR» 
MUMMIMMIMIMMMUNO LIMMMUM 
MUMMMMUMMWMMMIKAM EJIMMMUM 
MMMUMMIUMUMMMUM LMMIIIM 
MUMMUMUMMIMMUMMMEMUMMI  

ELECTRIC 

Ate, THIS IS ONLY ONE OHM! 
He. 1 

  it8501.0/rMAXMIONRAIN61 --
011PuJEO SUMMON 

- • 6ERIIMAIIUM ItECTIMILt • --
RESISTIVE LOAD 
TIM 53Y- IRE0.60 CPS 

II »WU BM 
•IIUJUUURU•URSU 
▪ immenfflummum 
• min=warmnemmumme imummemmuNgmum Temmumumm 
mum 
MEZILZKZLZ 

FORPEARO CIAEAPEWT 
REEITEPE e.g. P.C. 

CDC 

01017: FIVE 45We Rarrfiitits MAY SE mum AT AMY 
— PEAK «VICE mum - PEAK COKREPIT MINT cow» 
- gal& 17vf CHARACTERISTIC OF TEE PART/CO[4R *40,011.-
m.51 Cien MAY 81 EXIWApotorro TO 1.5 Amos. 
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NEWS and NEW PRODUCTS 
September 1953 

Relay Rectifier-Suppressor 
International Rectifier Corp., 1521 E. 

Grand Ave., El Segundo, Calif., has avail-
able two types of a new rectifier-suppressor 
for use with dc relays. 

eel,_ 

u L..cm 
f r ' ff  

D-25v6 , 1 714  
L 
,30.• 

Type D-2906, shown in the photograph, 
is encapsulated within a thermo-setting 
plastic material offering complete protec-
tion in adverse environmental conditions 
such as moist I ire, fungus, salt spray, and 
corrosive vapors. This unit consists of two 
elements, ow. provides half wave rectifica-
tion of the ac input and the other provides 
a path for current resulting from the col-
lapse of the magnet ic field of the relay coil 
during the min-conduct ing hall-cele. This 
arrangement provides chatter-free opera-
tion of the relay. 

Type D-2906 measures inch in 
diameter and 1 inch long and is provided 
with three pigtail leads. The unit is rated 
48 volts maximum input and 5 ma output 
in 100°C. It is an ideal unit for operation of 
30 volt dc relays from an ac supply. 

Hollow Shaft Differential 
A hollow shaft differential of low inertia 

(0.0745 oz-in2), minimum backlash (0.10' 
maximum) and low weight ( 1} oz.) lias re-
cently been developed by Librascope, Inc., 
1607 Flower St., Glendale, Calif., manufac-
turers of analog and digital computers, 
input-output devices, and components. 

Designed for high accuracy in additive 
and subtractive operations, the mechanism 
will have primary application to angular or 
angular-velocity sums and differences, and 
sequence operations. 

The versatility of the hollow shaft de-
sign permits the axial positioning of the 
differential or instrument disassembly. 
Shrink-on, safety-keyed side gears are 
available to your specifications. Built with 
precision ball bearing. The unit has an 
overall axial length of 1 3/16 inches and 
receives a 3/16 diameter shaft. 

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

Wideband DC Amplifier 

A new wideband dc amplifier, Model 
220, designed specifically to increase the 
sensitivity of cathode-ray oscilloscopes 
with extended low-frequency response has 
been developed by Furst Electronics, 3322 
W. Lawrence Ave., Chicago 25, Ill. It can 
be used to extend the range of vacuum 
tube voltmeters, frequency analyzers and 
other instruments when unusually low fre-
quencies are encountered. 

The amplifier uses push-pull amplifica-
tion and a cross-coupled circuit achieves 
good stability and low drift. This circuit 
also provides good phase-inversion for 
equal results with balanced or unbalanced 
input signals. When two different signals 
are applied to the input terminals, the 
Model 220 acts as a differential amplifier. 
The difference between the signals appears 
push-pull at the output terminals. 

Two sets of input terminals are pro-
vided. The terminals are connected di-
rectly to the input attenuators while con-
nected through a pair of coupling con-
densers to the input posts. 

The maximum gain of the amplifier is 
adjusted to approximately 100 and the 
input attenuators reduce this gain to ap-
proximately 10 and 1 (40 db, 20 db, 0 db). A 
fourth posit ion on each at tenuator grounds 
the grid of its input tube, a convenient 
feature when a single-ended signal is ap-
plied to one input terminal. 

The output impedance of approxi-
mately 250 ohms single-ended and 120 
ohms push-pull is sufficiently low to obtain 
a single-ended signal across a low im-
pedance load without unbalancing the 
output. For this connection a third termi-
nal connected to the ground is located 
near the push-pull output terminals. 

UHF Coaxial Tuned Elements 
Granco Products Inc., 36-17 20th Ave., 

Long Island City 5, N. Y., announces the 
availability of two types of uhf coaxial 
tuned elements. Model LTIO is an oscilla-

tor element with a built-in 6 AF4 tube. 
Model UHR is a preselector element. Both 
models incorporate resonant cavity tuning 
which features a moving plunger permit-
ting coverage of the entire UHF television 
band. All elements are completely wired 
and tested. 

Boron Counters 
Radiation Counter Labs., Inc., Skokie, 

Ill., manufacturer of neutron counters, has 
just complete a production run of what are 
believed to be the longest boron tri-
fluoride counters ever made. These coun-

ters, measuring more than six feet in 
length, are of all aluminum construction. 
Another unique feature is that they are 
filled to 120 cm. Hg. of pressure with en-
riched boron trifluride gas. Twenty-two of 
these six foot counters are being used in a 
group by a leading Southern university for 
maximum efficiency in detecting neutrons. 
Similar, but shorter, counters have been 
found to have a transit finie of only one-
half microsecond. 

RCL has made neutron counters as 
small as ,4 inch in active length up to these 
elongated six footers. Neutron counters 
have been filled with as little as 10 cm of 
BF, to as high as 150 cm. Hg. by RCL. 

For further information, write Dept. 
PF-7. 

(Continued on page 96,1) 

44" PROCEEDINGS OF TIIE I.R.E. September, 1953 



......... . ...................... ... ..... .. , 

Vacuum Tube Voltmeter ....... 

Audio Oscillator 

Equalization Filters 

VEN 
TRANSMISSION 
MEASURING SET 

TYPE 12-A 
For Measuring the 
Characteristics 
of Microwave 
Relay Systems 

.......... II 

reein-one Easi hablé 
This unit provides the necessary information on transmission character-

istics for the installation of terminal equipment, for the maintenance of termi-
nal equipment, and for the field service of transmission lines and terminal 

equipment for microwave relay systems. 

In one portable unit for efficient field use are combined the functions 
which normally would be performed by a separate Vacuum Tube Voltmeter, 

Audio Oscillator and Equalization Filters. 

This unit has filters for providing response curves for accurate indication 
of 144, FlA or flat transmission lines. The 12-A also has provision for measure-
ment of harmonic distortion and has its own self-contained low distortion 
1000 cycle oscillator with variable amplitude. 

The amplifier of the 12-A provides range levels from plus 20 to minus 
80 DBM in calibrated steps of 10 Db. The associated meter is ca:ibrated in 
0.5 Db steps. The dynamic characteristics of the indicating meter are such 
that its response approximates the speed of appreciation of sounds by the ear. 

This unit has line blocking capacitors for use across central battery 

and dial telephone lines. 

Write for additional specific information and for catalog material. 

THE VEN co 195 Central Avenue 

Newark 4, New Jersey 

WORLD'S LARGEST MANUFACTURERS OF AT-ENUATORS 



mai ependable transmission 

COMMUNICATION 

Whatever the system label — teleprinter, 

telegraph, facsimile, telephoto, radio-telephone, 

voice-carrier telegraph, or multiplexing of any 

of these — dependability is today's most 

vital communications requisite. 

And, no matter what the form of 

message-handling intelligence, the proof is that 

Frequency Shift is the most dependable 

method of transmission. 

Northern Radio has long specialized in the 

design and construction of Frequency Shift equipment of the types 

listed below. Their dependable performance for U.S. and Allied Com-

merce, Governments and Armed Forces all over the world has 

earned for Northern Radio a reputation for unquestioned leadership 

in communications engineering and precision manufacture. 

Write for complete information. 

• 

Frequency Shift Keyers 

Master Oscillators 

Diversity Receivers 

Frequency Shift Converters 

Multi-Channel Tone Systems 

Tone Keyers 

Demodulators 

Radio Multiplex Systems 

Monitors 

Tone Filters 

Line Amplifiers 

examlo liWPARY inc. 
147 WEST 22nd ST., NEW YORK 11, NEW YORK 

Pace-Setters in Quality Communication Equipment 
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twenty times 

"edee/ 

hermetically 
sealed 

transistors 

TWICE SIZE 

EVERY Texas Instrum,nts grown junction 
and point contact transistor must pass 

more than 20 tests— in addition to 
continual visual checks before it is granted 

the TI trademark anl shipped to the user. 

Texas Instruments inspects all 

transistors all along the manufacturing process. 

This 100% inspe,tion insures that the 
completed product ' viii adhere closelv to 

published specifications t see 

distribution carves at lower right t. 

All TI transistors have moisture-

proof glass- to- metal hermetic sealing. And 

they are all aged a minimum of 

2-1 hours at ratel output as a positive 
operating double-check. 

If you want transistors of this insured 
high quality. they are now available from 

Texas Instruments Imorporated. Write for 

new junction transistor bulletin DL-S $ 10. 

200 

ELECTRICAL DATA 
n-p-n Junction 

RATINGS, RECOMMENDED MAXIMUM: Type 200 Type 201 

Collector Voltage   30 volts 30 volts 
Collector Current   5 ma. 5 ma. 
Collector Dissipation (at 30°C)   50 mw. 50 mw. 
Ambient Temperature   50°C 50°C 

AVERAGE CHARACTERISTICS ( at 30 °C): 

Collector Voltage   5 volts 5 volts 
Emitter Current   —1 ma. —1 ma. 
Collector Resistance (minimum)   0.2 megohms 0.4 megohms 
Base Resistanc'e   150 ohms 150 ohms 
Emitter Resistance   30 ohms 30 ohms 
Current Amplification Factor (minimum).. 0.90 0.95 
Collector Cut- Off Current   10a 10d 
Collector Capacitance   12.fd. 12,fd. 
Noise Factor (average value)   22 db. 22 db. 

STATISTICAL DISTRIBUTION CURVES 

Bastod on 250 Type 200 Transistors 

100 

90 

40 

70 

90 

$0 

40 

20 

20 

10 

10 20 30 40 0 OC TOO 400 

RES1STANC IN ONOAS 

100 

90 

110 

70 

00 

50 

40 

30 

20 

1/3 

TEXAS INSTRUMENTS 
INCORPORATED 

6000 LEMMON AVENUE DALLAS 9. TEXAS 

ESISTANC IN MEGONMS 
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25% LESS Klein 

coistohni 
FIXED WIREWOUND POWER RESISTORS 

. . . new homogeneous core and coating 

J REDUCES SIZE AND WEIGHT 

J ELIMINATES SHORTED TURNS 

Shallcross 

• 350°C hot spot operation 

• Higher power dissipation with less weight, 
smaller diameters 

• Higher maximum resistances 

• Closer tolerances—to 1% ( 5% standard) 

• Better heat conductivity 

• Exceptional resistance to thermal shock 

By eliminating the heavy ceramic core with 
the wire-bunching and shorted turns character-
istic of vitreous enamel types, Shallcross has 
developed a radically new wirewound resistor 
that outperforms all other types of high tem-
perature fixed power resistors. Through a 
unique process, the windings are imbedded in 
a special ceramic v‘ hich forms an integral coat-
ing and core. Designed to MIL-R-10566 spec-
ifications, Castohms are destined to leave MIL-
R-26A types far behind. 
Find out how Castohms can reduce size and 

weight in your equipment - improve efficiency 
and reliability as well. Write, wire, or phone 
for details. Ask for Engineering Bulletin L-29. 
SHALLCROSS MANUFACTURING CO., 

524 Pusey Avenue, Collingdale, Pa. 

Designed to 
MIL-R-10566 
Specifications 

R-30— 8 watts 
R-33— 28 watts 
R-37-125 watts 
R-46-225 watts 



eick Ma'eeed  

THEY ALL STARTED EQUAL... BUT ONLY ONE WON! 

Yes, they all started equal in this year's Boston 26-mile 

Marathon. But only Keizo Yamada WON in the record 

time of 2 hours, 18 minutes and 51 seconds. Why? Be-

t cause he had the capacity to run farther faster. 

All CAP ITORS START MALI TOO 
. . . but El- Leo Capacitors always win because 
they're facto sted at more than double their working 
voltage. You know for sure thaz they I-avg. a wide 
margin of victory over the ad erse Condit ow. of any 

So whether you pick the midget CM-15 (2-525 mmf, cap) or 
the mighty CM-35 (5-10,000 mmf. cap), you're sure of a winner 

. . in any military or civilian service. 

Jobbers and distributors are requested to write for 
irdormation to Arco Electronics, Inc., 103 Lafayette 

New York, N. Y. — Sole Agent for Jobbers 
and Distributors in U. S. and Canada. 

WRITE FOR FREE SAMPLES 
AND CATALOG ON YOUR 

FIRM'S LETTERHEAD 

MOLDED MICA El enco MICA TUIPMMER 

CAPACITORS 
Fo.eign aid Electronic Mcrnufacturers Get Inf3rmation Direct from our Export Dept. at Willimantic, Conn. 

1HE ELECTRO MOTIVE MFG. CO., INC. VeLLIMANTIC, CONNECTICUT 
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SANBORN OSCILLOGRAPH RECORDING, 
SYSTEMS HAVE MANY APPLICATION 

Sanborn ecorders 

Help Speed 

Flight Design 

ittittj 

le4le ,4e44. -444 

At McDONNELL AIRCRAFT CORPORATION the movements of a 
guided missile are simulated by high - pre.cision analog computers which 
in turn send eight different resultant electric signals into two Sanborn four. 
channel Recording Systems ( left) for the graphic recording of the hypo-
thetical results of the guided missile problem. 

How can Sanborn help you? 

Sanborn one-, two-, and four- channel Recording Systems can 
provide an accurate and permanent graphic registration of 

almost any electrical phenomena whose frequency spectrum falls 
within the range of zero to 100 cycles per second. The avail-
ability and ready interchangeability of amplifiers and preamplifiers 
offer a wide range of use. 

Records are traced by heated stylus on plastic coated strip-chart 
paper, and are in true rectangular coordinates. Other Sanborn 
advantages include: a high torque movement ( 200,000 dyne cms 
per cm deflection); built-in code and time markers; and a wide 
choice of paper speeds and channels. 

Sanborn engineers will be pleased to make recommendations 
as to what type of equipment will best solve your recording prob-
lem. When writing, include the lower and upper limits and the 
frequency range of the phenomena to be recorded, and the type 
of transducer. 

SPERRY GYROSCOPE COMPANY 
uses a two- channel Sanborn Recording 

System for basic research on their 
Zero Readers Flight Director, a device 

which simplifies the manual 
control of aircraft. The Sanborn System 

shown above is recording the output 
of a flight simulator that solves Zero 

Reader equations. 

, FOUR 
/ CHANNEL 

TWO 
te CHANNEL 

ONE 
CHANNEL 

S T. IA REG. U. S. PAT OFF. 

At DOUGLAS AIRCRAFT 
COMPANY'S Flight Test Section, a 
Sanborn two Recording System 
(shown removed from case for field opera-
tion) is used in conjunction with a tele-
meter radio link to record surface motion 
vibration in a flying aircraft while it is per-
forming tests requiring continual moni-
toring. Recorded tracings provide the 
necessary permanent visual time history for 
comparison of the two events recorded and 
a study of their individual characteristics. 

Ask for a copy of our " Applicability Folder" which presents a 
table of uses, complete performance data and specifications, 
brief descriptions of Sanborn Recording Systems aid explano. 
tions of how their ampl'ifiers may be readily interchanged. 

SANBORN CO. I'DP:sT:e 
CAMBRIDGE 39, MASSACHUSETTS 
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for 
every plane... 

GUARDIAN® 

APPROVED Al 

Interchangeable 200 Ampere 
10 Amp 4 P.D.T. Solenoid Contactor 

, 

standard spacing of mounting bracket holes 

enables you to meet new control specifications 

without changes in frame drawings ... 

The story is told— aircraft research, development and design en-
gineers are sold on the new interchangeability feature of Guardian 
Aircraft Relays as the only method of rreeting changing con-
trol specifications without re-working frame drawings. Stand-
ard spacing of mounting brack et holes is the "master key" to complete 
interchangeability of these highly reliable Guardian Aircraft 
Relays. Other bracket dimensions vary only between back plates 
and terminals on face plates. 

Units range from S.P.S.T. (time delay available), to 4 P.D.T., with open-

type mounting or sealed to MIL-R-6106 specifications. Many available to 
the new M.S specifications. We'ghts range from 7.5 ounces to 20.8 ounces. 

Get complete flexibility of control at the design, modification and retrofit 

stages. Your copy of Bulletin 1 A-R tells how. Write. 

NOTE THE PRECISE ALIGNMENT OF MOUNTING HOLES! 

25 Amp 10 A mp 10 Amp 10 Amp 10 Amp 10 Amp 50 Amp 10 Amp 10 Amp 
S.P.r 3 P.D.T. 4 P.D.T. S.P.D.T. 2 P.D.T. 3 P.C.T. S.P.D.T. 3 P.D.T. 2 P.D.T. 

Specify from Guardian's complete range for every advantage of quick interchange! 

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

A CONFUTE LINE OF RIMS SIRVINC AMTRICAN INDUSTRY 
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40,000 SQ Fr 

The New Varian Research and Administration Building 

Continuing development and expansion of 
microwave- engineering applications for klystrons 

and other electron devices will be carried on in the 
newly-opened Palo Alto facilities of Varian Associates. 

This completes a greater than eight- fold growth for Varian 

in the five years since the formation of the company. Total 
extent of its several plants now exceeds 93,000 square feet. 

Size of the original staff has grown to 598. These people are all 
devoted to the goal of improving and expanding service to the electronic 

field—keeping Varian the first name in klystrons and related products. 

Since its discovery, Varian has pioneered in the new field of n • m • r 

(nuclear magnetic resonance); has established the leading 

commercial laboratory for investigation and development 

of this penetrating technique; and has introduced 

instruments with broad new capabilities 

for exploring the characteristics of materials. 

FicTd Engineering Representatives in 38 Cities throughwt the World 

VAR IAN associates 
PALO ALTO 2 CALIFORNIA 

Fjcist->)een-f_e, 
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iNo. 1030 
Loev Frequency 

"IV Indicator 

Decade 

Inductors 

No. 1040 

Vacuum Tube Voltmeter 

QUALITY • DEPENDABILITY • ACCURACY 

FREED 
MILITARY PULSE TRANSFORMERS 

IN STOCK FOR IMMEDIATE DELIVERY 
HERMETICALLY SEALED PULSE TRANSFORMERS for use in blocking oscillators, low level 
interstage coupling, and mod ilator outputs. Made in accordance with felL-T-27 specifications. 
These pulse transformers art designed for maximm power, efficiency and optimum pulse 
performance. Balanced coil !,tructures permit serie; or parallel connection of windings for 
turn ratios other than unity. Pulse characteristics, vrItages and impedance levels will 
depend upon interconnection! made. 

CATALOG 
NUMBER 

APPLICATI OA 
PULSE VOLTAGE 

KILOVOLTS 

PULSE 
DURI,TI ON 
M IDRO• 
SEC 3NDS 

DUTY 
RATIO 

TEST 
VOLTAGE 
KV., RMS 

CHARAC-
TERISTIC 
IMPE3ANCE 

OHMS 

CASE 
SIZE 

MPT-1 Blocking oscillator or 
interstage coupling 

0.25/0.25/0.25 0.2-1.0 .004 0.7 210 DM•12 

MPT-2 Blocking oscillator or 
interstage coup:ing 

0.25/0.25 0 2-1.0 .004 0.7 250 DM- 12 

MPT-3 Blocking oscilla:or or 
interstage coup.ing 

0.5/0.5/0.5 0.1-1.5 .002 1.0 250 DM- 18 

MPT-4 Blocking oscillator or 
interstage coup.ing 

0.5/0.5 0.1-1.5 .002 1.0 250 DM- 18 

MPT-5 Blocking oscillator or 
interstage coupling 

0.5/0.5/0.5 0..!.-2.0 .002 1.0 500 DM- 12 

MPT-6 Blocking oscillator or 
interstage coup.ing 

0.5.,0.5/0.5 0.5-2.0 .002 1.0 500 DM- 12 

MPT-7 Blocking oscillator, 
interstage coup'ing or 
low power output 

0.7/0.7/0.7 0:,-1.5 .002 1.5 200 DM- 18 

MPT-8 Blocking oscillator, 
interstage coupling or 
low power outpe 

0.7/0.7 0:3-1.5 .002 1.5 200 DM- 18 

MPT-9 Blocking oscillator, 
interstage coupling or 
low power output 

1.0/1.0/1.0 0. 7-3.5 .002 2.0 200 DM- I8 

MPT-10 Blocking oscilltlor, 
interstage coupling or 
low power output 

1.0/1.0 0.7-3.5 .002 2.0 200 DM- 18 

MPT-11 Blocking oscillitor, 
interstage coupling or 
low power output 

1.0/1.0/1.0 1.0-5.0 .002 2.0 500 DM- 01 

MPT-12 Blocking oscill3tor, 
interstage cour ling or 
low power output 

0.15/0.15 
0.3/0.3 

0.2-1.0 .004 0.7 700 DM-8 

SEND FOR COMPLETE CATALOG OF 

FREED INSTRUMENTS AND TRANSFORMERS 

No. 1210 

Null Detector 8. 

Vacuum Tube Voltmeter 

No. 1110A 

Incremental Inductance 

Bridge 

ED TRANSFORMER CO., INC. 
179n WFIDCIFI n VT" tRIDGEWOOD1 BROOKLYN 27. N.Y. 



KEL-F* WIRE 
IN STRIPES 

10 STRIPE 

REXIF THECO" RSIWONDER WIRE 
(WITH KEL-F* INSULATION) 

The Rex Corporation announces REX-KF Wire (Kel-F* insulated) with 

one, two, or three stripes in any combination of ten colors. Over 300 sharply 

distinguishing color codes are now easily available. 

Striping removes the final obstacle to the broader use of wonderful 

trifluorochlorethylene insulation. 

1Vrite for full information on this remark able advance in wire 

technology, and the story of REX-KF Wire, champion in every 
quality that makes wire good. 

•T. M. of M. W. Kellogg Co. 
}T. M. of The Rex Corporation 

"Reg. U. S. Pat. Off 

THE REX CORPORATION 
Insulated Wire Specialties, Microwall Wire, Cast Plastics Rexolite U. H. F. 
Insulating Materials, Rextrude** 105 Electrical Tubing and Custom Plastic Extrusions. 

WEST ACTON, MASSACHUSETTS 
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DELIVERY 

VITREOUS 
ENAMELED 

the resistor line which is specified by 
engineers employed by the nation's fore-
most manufactcrers of original equipment. 

... TWO separate self-contained 
resistance plants guarant.>e 

prompt delivery. 

QUALITY . . as the world's leading maru-
facturers of wire wound resistors, 

we assure you that only the finest engine r-
ing tech.liques and material are utilized. 

111111E:=111 • ourtremendousmanufactur ng 

capacity enables us to offer re•lis-
tors ... in any quantity .. at exceptionally 

tractk e prices. 

ENGINEERING .. our factories include the rrost 
- modern machine shops and er gi-

neerinc facilities. Our experienced er gi-
neerinc department is at your servicc to 
assist in designing any resistance un t to 
meet your requirements and to meet J AN 

Sp if ications. 

Our new multi-color 

(catalog. complete wi 

engineering data an 
illustrations, is yours 

without obligation 

00 watt 

1 SO s.-at? 

'Mt). -new. 

!graver RHEOSTAT 
. . . the practical rheostat in it: most exacing 
with a compensating constant pressure coltact 
brush . . designed to ..nee' JAN Spe:ificafio -is. 

Writ rrplete technic°. literoture. 

Div sloe oe 

-F-A PR DUCTS Model Engiine ering 
Mtg.. Inz. 

2800 N. Milwaukee Avenue, Chicee18, Ill. 
Factory: Huntington, Indiana 

MANUF.CTU owrr 

Re,isforl, " E. onohrn— Resistors 
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Research )1:* 
tries 
the 
Unconve 

at 1/ALMO VICTOR 

One typical DV Development 

FLUID MAGNETIC CLUTCHES 

Motion and its precision control are 
constant problems in radar antenna 

systems. For these requirements, one 

Dalmo Victor task group has evolved 

and engineered basic new types of 
fluid magnetic clutches, of which one 

example is illustrated. 

Company purchasing personnel are sometimes amus-
ed by research department requisitions for all kinds 

of unexpected materials. Recently, a study of a wide 
variety of substances indicated that peanut butter, 
shortening and sand had ideal physical and electrical 
characteristics for a special antenna- loading problem 
at hand. So tests were made. 

Dalmo Victor specialists never hesitate to explore 

unconventional channels of approach to engineering 
problems as well as the more customary ones. And, 

as a result, unusual ways are sometimes found for 
meeting difficult problems connected with develop-
ment of complex, lightweight, electromechanical 
devices and the systems in which they operate. 

SAN CARLOS • CALIFORNIA 

DOWN- TO - EARTH ELECTROMECHANICAL ENGINEERING 



STE WART 

WELLS-GA1RDNEIR 

... Put Their Confidence in 

--#7,74Wraitee CRYSTALS 

These names are synonyms for quality. The products 

they identify are famous for dependable, precision performance 

in every detail. These manufacturers must be sure 

that suppliers of every component have similar high-level 

reputations to uphold. 

The fact that the great names in communications rely 

•)ri Midland Crystals is evidence enough that Midland Quality 

Control methods of crystal production insure completely 

reliable frequency control. 

SW 
WRIMER 

--Z3/Jerson 

iiikateen &la 4ted, co-wtseeta oil. 4141 Aietelert,, 

itak4t, eMtct 

dro MANUFACTURING COMPANY, INC. 
3155 Fiberglas Road, Kansas City, Kansas 

WORLD'S LARGEST PRODUCER OF QUARTZ CRYSTALS 
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( 
SYNCHRO 

Vti 

0 SERVO MOTOR 
0 SYNCHRO 

(i-.) ‘'SYNCHRO 

-ce 
SYNCH RO 

O 

• SERVO MOTOR 

SYNGHRO 

SYNCHRO 

SERVO, MOTOR 
, 

INDUCTION 
MOTOR 

C.) SYNCHRO 

0 SYNCHRO 

WHATEVER THE SPECIFICATION 

...LOOK TO et ay 
FOR SYNCHROS & SERVO MOTORS 

KETAY, the world's largest producer of 
government approved synchros, offers high 

precision rotary and instrument components for 
most every need. Industry, as well as suppliers 

to the Armed Forces, will find Ketay ready to 
solve their problems with a complete line of 

synchros, servos, magnetic amplifiers, 
computers and control systems. 

If you are searching for a specific size or type... 
if availability is a problem ... if engineering counsel 

is needed... Ketay can help. Why not join us for 
an exploratory discussion of your particular 

problem. Write today to Dept. A 

WHATEVER THE NEED CHOOSE KETAY! 
Available as listed 

1. SYNCHRO, Size 16. O.D. 1.537", 115 V, 400 Cycles 
(Transmitter, Receiver, Control Transformer) 

2. INDUCTION MOTOR, O.D. 1.750", 3 phase 2 Pole, 115 V, 60 Cycles 
3. SYNCHRO. Size 18, O.D. 1.750". 115 V, 400 and 60 Cycles 

(Transmitter. Receiver, Differential, Control Transformer) 
4. SERVO MOTOR, O.D. .937", 26V. 400 Cycles 
5. SYNCHRO, O.D. 1.437", 14.4 V and 26 V. 400 Cycles 

(Transmitter, Receiver, Resolver, Differential. Control Transformer) 
6. SERVO MOTOR Mk 7, O.D. 1.437", 115 V, 400 Cycles 
7. SYNCHRO, Type IF or INC. O.D. 2.250" 115 V, 60 Cycles 

(Receiver, Transmitter) 
8. SYNCHRO, Size SI. O.D. 3.10", 115 V 400 and 60 Cycles 

(Transmitter, Receiver, Differential, Control Transformer) 
9. SYNCHRO, Size 23, O.D. 2.250". 26 V and 115 V 400 & 60 Cycles 

(Trarrsmitter, Receiver, Resolver, Differential, Control Transformer) 
10. SYNCHRO, O.D. .937", 26 V, 400 Cycles 

(Transmitter, Receiver, Resolver, Differential, Control Transformer) 
11. LINEAR TYPE CONTROL TRANSFORMER, O.D. 1.625", 26 V, 400 Cycles 
12. SYNCHRO, Size 11. O.D. 1.062", 26 V and 115 V. 400 Cycles 

(Transmitter, Receiver, Resolver, Difterential, Control Transformer) 
13. SERVO MOTOR, O.D. 1.062", 115 V, 400 Cycles 
14. SYNCHRO, Size 15, O.D. 1.437", 26 V and 115 V, 400 Cycles 

(Transmitter, Receiver, Resolver, Differential, Control Transformer) 
15. SYNCHRO, Size 19, O.D. 1.90". 115 V. 400 Cycles 

(Transmitter, Receiver, Control Transmitter) 

clay MANUFACTURING CORP. 
 - 555 Broadway, New York 12, N. Y. 

PACIFIC DIVISION 
12833 Simms Av.., Hawthorne, California 

• KINETIX INSTRUMENT DIVISION 

• RESEARCH & DEVELOPMENT DIVISION 

...of precision instruments, 

components, and systems. 
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THE MICROWAVE 
AMPLITUDE MODULATOR 

THE UNIDIRECTIONAL 
TRANSMISSION LINE 

MICROWAVE INPUT POWER 

MICROWAVE 
POWER TRANS 

4teeMITTED WITH 
NEGLIGIBLE 

MICROWAVE POWER J ATTENUATION 
THIS DIRECTION -4.4  
ATTENUATED MORE THAN 20 DB 

The Uniline section is a new development speci-
fically designed for use in test measurements 
particularly where the impendance of the load is 
variable. For example, one of the several possi-
ble applications for the Uniline is as a replace-
ment for the loss-type attenuator commonly used 
for isolation between source and load. In this 
instance, very substantial isolation is provided 
with negligible loss in transmitted power. Up to 
100 times as much power is available for test 
purposes when the Uniline is used. The Uniline 
is a truly non- reciprocal transmission line ele-
ment, not a directional coupler. 

TECHNICAL 
FREQ. RANGE: 8800-9600 or 9600-10,400 mcs. 

WAVE GUIDE SIZE: x 1" x 61/2 " long. 

ATTENUATION, FORWARD DIRECTION: Less than 
1 DB. 

ATTENUATION, REVERSE DIRECTION: 20 DB. 
(Approx.) 

VOLTAGE STANDING WAVE RATIO: 1.3 : 1,(or less) 

either direction. 

Finished with standard flat flange unless otherwise 
specified. 

Write for descriptive bulletins. 

MODULATION IN 
CW INPUT 

\I 

MODULATED RF OUTPUT 

This new ferromagnetic resonance device is es-
sentially a continuously variable microwave at-
tenuator controlled by an applied magnetic field. 
Amplitude modulation of a CW microwave signal 
may be obtained by varying the magnitude of the 
magnetic field by means of an external modulat-
ing source. The moduline thus permits the micro-
wave oscillator to be operated on a CW basis to 
eliminate undesirable frequency modulation and 
double moding frequently present when one of the 
klystron elements is directly modulated. The 
moduline also offers many possibilities as an 
electronically controlled microwave attenuator. 

SPECIFICATIONS 

FREQ. RANGE: 8800-9600 or 9600-10,400 mcs. 

WAVE GUIDE SIZE: 1/2" x 1" x 6.1" long. 

INSERTION LOSS: Less than 1 DB. 

PERCENT MODULATION: Zero to over 90%. 

MODULATION FREQUENCY: Up to 3000 cps. 

VOLTAGE STANDING WAVE RATIO: 1.4:1 or less. 

MODULINE AUDIO DRIVER 
Designed specifically as a convenient source of 
sine wave modulation input for the Moduline. 

FREQUENCY RANGE: Continuously adjustable, 
800 to 1200 cycles per second. 

POWER OUTPUT: 100 ma., peak current into 

Moduline input. (impedance, 500 ohms at 1000 cps.) 

CASCADE RESEARCH 
CORPORATION 
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Highly specialized production process 
for Bcnon•Carbon Precistors 

ONLY FILM TYPE RESISTORS MEET HIGHER 

uereyer.........ereeetwaree.reveweeere 

BASIC 

TECHNIQUE 

1MF 

A thin coating of pre-cured and 
stabilized resistance material is 
bonded to special glass Cr an in. 
organic core to form IRC's exclu• 
sive filament type element. This 
is in contrast to the carbon oil or 
slug pr nciple of construction Its 
uniformity and stabiiity have 
proved superior since the earliest 
days of radio. 

Advancing requirements of instrumentation, 

military electronics and television focus 

emphasis on greater stability for non-wire 

wound resistors. IRC believes its filament 

type construction offers the best answer to 

more exacting standards. For over 28 years 

the film type resistance element has proved 

its superior stability—even in today's 

newest IRC Boron-Carbon Precistor. 



• FIXED 

COMPOSITION 

,-",==e7eVerflernrmr.skff . 

HIGH 
VOLTAGE 

=  

DEPOSITED 
CARBON 

high popularity—high stability 

More IRC Filament Type BT Resistors 
are used in radio and TV sets than 
any other brand. They meet and beat 
JAN-R-11 specifications, and have been 
tested and approved by most producers 
of government equipment. Exception-
ally stable—in 34, 34, 1 and 2 watts. 
Send coupon for Data Bulletin. 

high voltage—high stability 

IRC Type MV High Voltage Resistors 
offer outstanding stability even in very 
high resistance values. Filament resis-
tance coating in helical turns on cer-
amic tube provides a long, effective 
conducting path. 2 to 90 watts. Check 
the coupon for detailed information. 

high economy—high stability 

Type DC Deposited Carbon Resistors 
combine accuracy and economy with 
high stability. Excellent where carbon 
compositions are unsuitable and wire 
wound precisions too large or expen-
sive. Available in 34, 1 and 2 watts. 
Use coupon for further facts. 

STABILITY STANDARDS 

BORON 

CARBON 

Boron & Deposited Carbon'Precis-
tors • Power Resistors • Voltmeter 

Multipbers • Low Wattage Wire 
Wounds • Insulated Composition 
Resistors • Volume Controls • 

Precision Wire Wounds • Ultra HF 
and Hi-Voltage Resistors • Low 
Value Capacitors • Selenium 

Rectifiers • Insulated Chokes • 
Hermetic Seal Terminals • 

high accuracy—high stability 

The ultimate in stable non-wire wound 
resistors, Type BOC Boron-Carbon 
Precistors conform to all requirements 
of MIL-R-10509A. Voltage coefficient 
less than 20 parts per million per volt. 
Extraordinary load life. %, 1 and 2 
watts. Send for Bulletin. 

1. resistor 
ee. e 

14 
eltk 

boron-carbon 
precistor 

Eliminates lbssibitty of End- Cap Tnuble 

ez?Minair  
Eliminates Danger of Mechan.cal Damage 

'ADC 

Improved Ele.ctical Ch ris-i 

The rew Type MBC 1/2 watt, . c70 resistor 
offers_ the irherer t superiority of a Boron-
Carbon resisto plus the advantage of a 
fully : nsulated unit_ Send coupon for full 
detais. 

INTERNAlIONll RESISTANCE CO. 
405 N. Brood St., Phi.odelphio 8, Po. 

In Canada: International Resistance Co., Ltd., 
Toronto, Licensee 

Send me full data on:. D DC Depueitecl Carbon; 
BT Insulated Filament Type Reaistore; D  MV 

High Voltage Resistorz; o Boc Boron - Carbon 
Predators; E MBC Molded Boron-Carbon Predators 

Name  

Title  

Company  

Address  

City Zone_State---



• MORE UNIFORM CURRENT CONTROL 

• SMALLER SIZE 

Rheostats are sometimes taper-wound to niake 
possible the use of a smaller rheostat, provide 
more uniform control, permit special resistance-
versus-rotation curves, or make possible the wind-
ing of higher resistance on a given size rheostat. 
When rheostat windings are tapered, they are 

wound in two or more sections of diminishing wire 
or ribbon sizes. Since only the first turn of a rheo-
stat carries the maximum current, succeeding turns can 
be wound with wire or ribbon of a smaller size. The 
sections are so smoothly joined that only the change in 
wire size tells where the sections connect. 
As the above chart demonstrates, in a uniformly wound 

rheostat each degree of rotation adds a constant number 
of ohms to a constantly increasing number of ohms. 

1 ,.....„. 

(C) 
SECTION TAPER 

\ 
\ 

N. 

--..., -..., 
,...,.....s...... 

N. N. -'4*.....‘eece\st. 

N...,..... 

(B 
2 SEC)TION 

(A) UNIFORM /e. WINOIN G 

7:,......... 

.......„ --..... 

... 
• ...., 

-...... - -....-... 

TAPER 

O 20 40 60 80 

PER CENT ROTATION OF RHEOSTAT SHAFT 

100 

56.2 e 

4 

o 
25 '5,) 

O 
100 

Hence, the current changes more slowly as the resistance 
is increased (Curve A). A tapered winding (Curves B 
and C), by increasing the number of ohms per degree of 
rotation as the total ohms in the circuit increase, makes 
the current curve more nearly linear. 
Ohmite will design special tapered units to meet your 

requirements. 

OHMITE MANUFACTURING CO., 3617 W. Howard St., Skokie, III. ( Suburb of Chicago) 

IN RESISTANCE PRODUCTS 

Write on Company Letter-
head for Catalog and Engi-
neering Manual No. 40. 
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Ni )4,4) uiritge-Daa /*moot oseiontel, 
MODEL 803 
Also Available: LFE Model 802 for 

ultra- stable microwave frequencies 

in the X-Band 

et

The ISE 1•41odel P,0 Stable I\licrowasze Oscillator provides 3. soutce 

ink: • of higbly stabilized rnictowave frequencies suiuble fot use 3.5 3. local oscillatot for 
IF' microwave measiatern.nts or in many othet apolications where a bigh degree of stability 

is tequired, such as Q measuremen , measuternents anil general nattow ba.na design 
tlial. accurately calibrated directly in r uency is an impottant featute. The rnain 

elements of tile unit ate a kylstron oscil,at:ztr,eq3.icise,i31:.bb:ir-z.idng ten n_ritsot._Blaloenosdsp which consists of a 

calibra.ted dual-mode tefetence C3:Vit,3. Ck aeplifiet and a self-containe posget supply. 

1\leans 31e ?t(3‘1.1aed LOT In°atile.Ing ele °sc-1113.t2s°7111.:r.i:Tra9t5i:o Deviationncr 

0:: a•t2,ceor "(eiriricte.l  

Dial Lung Calibration 

Drift 

Frequency eY Stability _in frequency _1 
Mc. per division. 

°Iiginal setting. less than 

For complete information, 
see your LFE engineering 
representative or write— 

part in 108 
100 Kc/sec from 
than one 

Modulation 
Can be modulated 25c; when stabilized; 100e;, 
rrodulation possible when stabilization is removed. 

Attenuation 
Attenuator provides 100 db. range of control. 

Power Output 
15 milliwatts. 
Output Connector — Type N. 

Power Consumption 
150 atts. 

Size 
10' .2." x 19" front panel, IV ," deep, cabinet m ith 
rack mounting panel. 

Weight 
100 lbs. 

LABORATORY for ELECTRONICS, INC. 
75-4 PITTS STREET • BOSTON 14, MASS. 

PRECISION ELECTRONIC EQUIPMENT • OSCILLOSCOPES • MAGNETOMETERS • COMPUTERS • SOLID DELAY LINES 
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NOW RCA- 7E1 TANDEM 40-Mc F AMPLIFIER 

New dip- soldering technique insures 
uniform, high-quality connections 

Compact "in-line" design 
utilizes photographic 
uniformity and accuracy of: 

PRINTED 

TRANSFORMERS COILS 

Features: 

Overall response curve 

PRINTED PRINTED 

TRAPS 

4I-25-Mc sound if 

• 45-75-Mc picture if 

40-uy sensitivity 

• 4-Mc bandwidth 

• 3 if stages, plus crystal detector 

• No lead dress problems 

• Requires chassis space of only 
8 25/32" x 1 13/16" 

• Excellent skirt selectivity 

Advantages: 
Pre-aligned and tested as a 
complete unit to save 
installation time 

• All tuning adjustments are 
above chassis 

PRINTED 

WIRING 

Packaged intercarrier-sound 
if amplifier 

All parts accurctely 
positioned 

RADIO CORPORATION of AMERICA 

Also available: 

Tunable RCA 

Printed- Circuit IF 

Transformers, 

Coils, and Traps 

Ask fa- bulletin on RCA- 209K1 through RCA- 214K1 

For full design adyaitages and technical data, 
write RCA, Commercial Engineering, Section 471R 
Or just call your nearest RCA field office: 

(EAST) Humboldt 5-3900 
5 S. 5th St., Harr.son, N. J. 

(MIDWEST) Whitehall 4-2900 
539 E. Illinois St., Chicago, Ill. 

(WEST) Madison 9-3671 
420 S. San Pedro St., Los Angeles, California 

ELECTRONIC COMPONENTS HARRISON, N. J. 
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• 

Floyd A. Paul 
CHAIRMAN, ELECTRONIC COMPONENT PARTS PROFESSIONAL GROUP 

F. A. Paul, first Chairman of the new Profes-
sional Group on Electronic Component Parts, was 
born on March 14, 1923, in Medford, Ore. He 
received the B.E. degree in electrical engineering 
in 1951 at the University of Southern California. 
Mr. Paul founded the Radio Amateur's Club at 

the University, becoming its first president. He 
also worked on the carrier current station on 
campus, and was a graduate laboratory assistant in 
the speech clinic, working with audiometry equip-
ment. From 1949 to 1951 Mr. Paul taught one 
year of calculus, mechanics, physics, drafting, and 
stress at Cal Aero Technical Institute, the other 
advanced electronics television, and radar theory 
at the Electronic Technical Institute in Los 
Angeles. 

For the past two years Mr. Paul has worked at 
the California Institute of Technology Jet Propul-
sion Laboratory as a research engineeer in the field 
of reliability and component parts. He was re-
sponsible for the scope of this work becoming all 

inclusive in this new field. His work consisted of 
investigating, testing, evaluating, and disseminat-
ing component part information to all laboratory 
design and research engineers. He created local 
interest in the component parts field, and was in-
strumental in having local missile-parts engineers 
meet Umonthly to discuss reliability and dissemi-
nate component part information. 

In May of this year Mr. Paul joined Northrop 
Aircraft, Inc., Hawthorne, Calif., as supervisor of 
the electron:c reliability section of the Special 
Weapons Division. 

Mr. Paul was Secretary, and a member of the 
Final Steering Committee of the 1953 Electronic 
Components Symposium. He has published several 
technical articles, including " Characteristics of 
Deposited Carbon Resistors," and "Commercial, 
Ruggetlized, and Premium Vacuum Tubes." 

Mr. Paul became associated with the Institute 
as a Student in 1946, an Associate in 1950 and a 
Member in 1952. 



1953 PROCEEDINGS OF THE I.R.E. 1091 

Electronic Component Parts 
FLOYD A. PAUL AND W AYNE C. IRWIN 

A chain is no stronger than its weakest link. And when the chain is made of a multitude 
of intricately connected links of various degrees of strength and reliability, the previous 
aphorism becomes urgent and controlling. 

Modern electronic equipment is indeed a complex chain of interreltted components. 
The dependability of each component thus determines the utility of the assembly. It was 
accordingly timely and appropriate that there be formed an IRE Professional Group on 
Electronic Parts. 

Its purposes and plans are set forth in the following guest editorial, one of whose authors 
is the Chairman of this Group and is also Supervisor of the Reliability Section of Northrop 
Aircraft, Inc. at Hawthorne, California, and the other of whom is a research engineer in the 
same organization.—The Editor 

A realistic policy toward the sharing of component parts data among research and 
development, and production organizations is long overdue. Channels for the exchange of 
test information have not kept pace with the growing need. Communication within all 
technical fields is essential if the state of the arts is to speed forward. 

It has been estimated that the equivalent of seventy-five years of normal progress in 
electronic development has been achieved in the past fifteen years. The impetus for this 
accelerated advancement was the Government money poured into research and develop-
ment programs. With the addition of new fields of interest, so limited in 1938, has come 
the need for visionary planning and studies of potential applications. In another ten 
years the most inclusive program now conceived will have become too restricted. 
Nowhere is the need for development more acute than in the field of Component Parts. 

The primary limitation on the design of any system is the performance and reliability of 
the separate parts. 
However, development cannot be done effectively without detailed knowledge of the 

performance of component parts in a multitude of environments. Accurate data must be 
compiled showing the effect of specific environmental and performance conditions upon 
each part. This information must then be channeled both to vendors and to equipment-
design groups to ensure optimum usage. Because of the acute lack of this knowledge, 
engineering study in the Component Parts field has expanded to its present status. 
The need for specialization in this work has been recognized by the IRE with its forma-

tion of the new "Electronic Component Parts" Professional Group. The Group is con-
cerned with the characteristics, limitations, applications, development, performance, and 
reliability of component parts. It is expected that this Group will stimulate investigation 
and evaluation of present techniques and products. 
One problem which can be overcome is the limited distribution of test results among 

companies and military contractors with a common aim. Each user of component parts 
now attempts his own evaluation of vendors' products, thereby throwing a heavy and 
unnecessary burden upon the nation's supply of technical personnel and laboratory facili-
ties. This duplication of effort can be reduced by ( 1) recognizing that seldom is proprietary 
interest jeopardized by the sharing of test results and (2) the creation of new channels 
for quick and informal transmittal of these results. 
The nature of this problem is known. Its military urgency is becoming understood. It 

is time that its solution was emphasized. 

4. 
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The Development of Professional Groups 
and Chapters in the IRE* 

L. C. VAN ATTAt, FELLOW, IRE 

CONCEPT OF PROFESSIONAL GROUPS 

E ARE CURRENTLY WITNESSING the 
creation of a number of professional societies 
within The Institute of Radio Engineers. 

Whereas this is proceeding as a bloodless revolution, we 
must expect much sweat and perhaps a few tears before 
it is complete. That the revolution is bloodless, is a 
credit to those who conceived of the Professional Group 
system; that the revolution achieves a maximum good, 
is the responsibility of every one of us. We must each 
of us know the facts about the Professional Groups in 
the IRE. We must understand the principles on which 
they are based and be familiar with the procedures by 
which they operate. We must each think about them in 
terms of our own needs for a specialized professional 
society and must act to insure that our needs are met. 
The concept of Professional Groups was adopted in 

March 1948 to provide more adequately for the pro-
fessional needs of specialized groups within the frame-
work of the IRE. It had already been demonstrated in 
the field of American Physics that, on the one hand, a 
large undifferentiated society covering a wide field of 
interest cannot satisfy all its members, but that, on 
the other hand, several small societies in the same field 
are beset by excessive overhead and by resultant finan-
cial problems. In adopting the Professional Group prin-
ciple, The Institute of Radio Engineers was attempting 
to realize a workable compromise directly: the Profes-
sional Groups were to care for their own specialized 
professional needs while IRE Headquarters provided 
guidance, coordination and generalized services. 
The principal functions of each Professional Group 

Administrative Committee are to plan and conduct 
specialized symposia, to publish a Group Transactions 
with the objective of making it ultimately a regularly 
issued publication, to arrange for financial support of 
these undertakings, and to build up a large, well-
informed Group membership. The IRE has committed 
itself to provide administrative, editorial, and financial 
assistance to the Group in performing these functions. 

GROWTH OF PROFESSIONAL GROUPS 

The Audio Group was formed in June, 1948, within 
three months of the adoption of the Professional Group 
principle. Since then Groups have been formed at a 
roughly linear rate of four per year to a present total 

* Decimal classification: R060. Original manuscript received by 
the Institute, March 1, 1953; revised manuscript received May 7, 
1953. 

i" Hughes Aircraft Co., Culver City, Calif. 

of 19 groups. Membership in the Groups has grown at 
an increasing rate to a present total of 27,456, for an 
average of more than 1,400 members per Group. Six-
teen of the Groups are levying assessments from their 
members and 14,100 members have paid such assess-
ments. Eleven Groups are publishing Transactions and 
to date 33 issues have appeared. Areas of specialized 
interest are indicated by the following list of the existing 
Professional Groups in order of their formation and with 
their present membership: 

NAME 

1. Audio 
2. Broadcast Transmission 

Systems 
3. Antennas and Propagation 
4. Circuit Theory 
5. Nuclear Science 
6. Vehicular Communications 
7. Quality Control 
8. Broadcast and TV Receivers 
9. Instrumentation 

10. Radio Telemetry and Re-
mote Control 

11. Airborne Electronics 
12. Information Theory 
13. Industrical Electronics 
14. Engineering Management 
15. Electron Devices 
16. Electronic Computers 
17. Microwave Theory & Tech-

niques 
18. Medical Electronics 
19. Communications Systems 

DATE OF MEMBER-
FORMA- SHIP (as of 
TION 3-1-53) 

6— 2-48 2,157 

7— 7-48 1,266 
2— 1-49 1,738 
4— 5-49 2,814 
4— 5-49 1,410 
4— 5-49 719 
7-12-49 758 
8— 9-49 1,444 
1-31-50 2,335 

6-12-50 1,418 
1— 9-51 1,172 
5— 8-51 1,278 
5— 8-51 2,078 
6-12-51 1,606 
10— 9-51 910 
10— 9-51 1,699 

3— 7-52 1,048 
3— 7-52 688 
4— 8-52 918 

27,456 

Present trends indicate that the Professional Groups 
will grow in number and in average size. However it does 
not follow that all Groups will necessarily be successful. 
Various criteria can be used to judge the success of a 
Professional Group: the effectiveness of its national 
symposia, its ability to assemble suitable material for 
a regularly issued Transactions, the number of paying 
members, or the amount of activity and interest stimu-
lated within the Sections. Whatever criteria are applied, 
we may rest assured popular judgment will be made and 
the field will be left to those Groups that justify their 
existence. Groups may be terminated, may combine 
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with others, or may modify their fields of interest. 
However, it seems improbable that the total number of 
Groups in the foreseeable future be less than it is today. 
The Professional Group movement, even in its in-

fancy, is having a tremendous impact on the IRE. A 
large amount of early publication is being accomplished 
in the relatively informal Transactions of the IRE. 
Headquarters facilities and staff have had to be ex-
panded considerably to care for new clerical and pub-
lications needs. There has been a large increase in the 
total number of technical sessions, and the Technical 
Program Committees for the Conventions are depend-
ing ever more heavily on the Professional Groups for 
assistance in planning and arranging technical sessions. 
These effects have been felt before the Groups have 

fully established themselves. Already Group symposia 
have been held apart from the national Conventions. 
Several of the Group Transactions may become recog-
nized technical journals with separate editorial staffs. It 
seems likely that such developments will have important 
effects on IRE Conventions, on the Proceedings, on the 
Convention Record, and on general IRE policies. 

If we look beyond the period of growing pains, we 
can anticipate that the Professional Group development 
will convert the IRE from a large, undifferentiated 
engineering society to a much larger complex of special-
ized engineering societies. We can expect the new organ-
ization not only to meet professional needs more pre-
cisely, but also to be more flexible in the face of future 
pressures of whatever kind. 

RELATIONS OF THE PROFESSIONAL GROUPS 

We must indeed attempt to understand the Profes-
sional Groups. Perhaps this can best be done by con-
sidering their relations to the individual, to the IRE, to 
other societies and particularly to the IRE Sections. 
The Professional Group has the responsibility of pro-

viding the individual with the advantages of a small, 
select society in the field of his specialization, just as the 
parent organization provides him with the advantages 
of a large, general society. The advantages of the small 
society relate primarily to meetings and to publications. 
Specialized symposia may be arranged either to coincide 
with IRE Conventions or to occur at places where there 
is large activity in the field of interest. Publications of 
restricted circulation can be established to provide in-
tensive coverage of a limited field. Arrangements for 
either meetings or publications are simplified by being 
partially separated from the general activity. 
The Professional Group is established under a con-

stitution within the framework of the IRE. The con-
stitution defines the technical field of interest of the 
Group, establishes its committee structure, describes 
broadly its functions and procedures, and fixes a mini-
mum level of activity. The Group Chairman reports 
periodically to the IRE Professional Groups Committee 
and accepts general policy guidance. 
The IRE provides financial assistance to the Groups 

in accordance with their activity and current needs. 
The Group depends upon the Headquarters Staff for 
assistance with records, publicity, and technical or 
other publications. The Group provides the IRE with 
expert assistance and decentralized control in arranging 
national symposia, reviewing papers, and coordinating 
Section activities in its field. 
The Professional Group may arrange technical meet-

ings in cooperation with other societies. These coopera-
tive meetings have been quite successful in the past as 
the result of jointly sponsoring one meeting instead of 
permitting competing meetings. As an example, one 
series of meetings in San Diego on Antennas and Propa-
gation profited from joint planning, sponsorship and 
support on the part of The Institute of Radio Engineers, 
International Scientific Radio Union, Research and 
Development Board, and the U. S. Navy Electronics 
Laboratory. 

It is the relation of Professional Groups to the IRE 
Sections that is now receiving the most intensive de-
velopment. Local participation by representatives of the 
Groups in Section affairs is following almost auto-
matically on national Group participation in IRE af-
fairs. Resultant problems are so numerous and potential 
advantages so great that the remainder of the article is 
devoted to this phase of Group development. 

CONCEPT OF PROFESSIONAL GROUP CHAPTERS 

Within the Section there is the same need for con-
sidering specialized professional interests as has already 
been recognized at the national level. In taking action 
to meet this need, local members of Professional Groups 
have the advantage of an existing framework for na-
tional coordination and exchange. It is necessary, how-
ever, to formalize relations between the Sections and 
Groups, and to define a connecting organizational unit, 
as follows: 

A Chapter of a Professional Group is a duly estab-
lished and recognized organizational unit of Section 
membership in technical association with the Pro-
fessional Group. 

The general purpose of a Chapter is to represent the 
professional interests of its Group members within a 
Section, to stimulate and conduct activities in the field 
of interest of the Group, and to coordinate these with 
the local activities of the Section and the national ac-
tivities of the Group. The Chapter, a mutual concern of 
both Section and Group, is established by their joint 
action and must be provided with formal means for 
working directly with both. 

Administration of a Chapter by a Section may be 
provided by making the Chapter Chairman a member 
of the Chapter Committee, Meetings and Papers Com-
mittee or Executive Committee of the Section. Formal 
contact with the associated Professional Group may be 
made in any suitable way such as: by making the Chap-
ter Chairman a member of the Professional Group Ad-
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ministrative Committee. The Chapter Chairman should 
maintain close liaison with the Professional Group com-
mittees on Membership, Papers Procurement and Pub-
lication. 
The primary duty of a Chapter is to promote Section 

meetings in the field of interest of its associated Pro-
fessional Group. Other essential duties of the Chapter 
consist of regular reporting to the Section and Group, of 
maintaining a certain minimum of representation at 
appropriate meetings of Section and Group committees, 
and of cooperating with Section and Group in local and 
national activities respectively. The minimum activity 
of the Chapter consists of the performance of these 
essential duties to the satisfaction of the Section and 
the Group. 

Additional legitimate functions of the Chapter con-
sist of 1) Arranging publicity and facilities for technical 
meetings of its sponsorship when these are not provided 
by the Section; 2) Conducting business meetings for 
planning Chapter activities and handling relations with 
its associated Professional Group; 3) Conducting mem-
bership drives for Chapter, Section, Group, or the IRE; 
and 4) Soliciting local papers for presentation at na-
tional Group symposia or IRE Conventions, or for pub-
lication in the PROCEEDINGS of the IRE or in the Group 
TRANSACTIONS. 
The local activities of a Chapter are conducted as 

part of the Section program. These are approved by 
Section officers and supported financially by the Section. 
Any financial returns from such activities accrue to the 
Section. Within reasonable limits the Section provides 
publicity, space and facilities for Chapter-sponsored 
meetings or defrays their cost. 
The national activities of a Chapter are conducted in 

collaboration with the Professional Group. Final deci-
sions regarding national publicity, meeting space, and 
publication of papers for national symposia are the re-
sponsibility of the Administrative Committee of the 
Group. Any financial returns from national symposia 
sponsored by a Professional Group accrue to the Group 
fund at IRE Headquarters, and any costs are borne by 
this Group fund. The Chapter assists where practicable 
in plans and arrangements for Group symposia. It en-
courages its members to present papers at national 
Group symposia and to submit papers to the Group 
TRANSACTIONS. The Chapter Chairman keeps the Group 
Chairman informed of local activities and contributes 
to the NEWS LETTER of the Group. 

BENEFITS FROM CHAPTERS 

In the first place the Chapter provides the basis for 
recognizing and supporting efforts of Section members 
to provide for their own specialized professional needs. 
Beyond this, the creation of a Chapter in a Section re-
sults in distinct benefits to both the Section and the 
Professional Group. 
The Chapters provide a means by which the Section 

can diversify and decentralize its organization to meet 

the needs peculiar to its membership, i.e. the Chapters 
provide unit building blocks with which the Section 
organizational structure can be expanded in a variety of 
ways. With the help of its Chapters a Section can offer 
its members a greater variety of specialized technical 
programs more expertly arranged. To the extent that a 
Section better meets the professional needs of its mem-
bership, the Section will be more successful and its mem-
bership will be increased. Development of local interest 
will result also in increased Group and IRE membership. 
The Chapter can assist the Professional Group with 

local arrangements for national symposia to be held in 
its Section. The Chapter can serve to channel important 
local technical work into Group or IRE symposia or 
publications. Chapter representatives can supply the 
Professional Group Chairman with information about 
local needs and with a reservoir of competent man-
power for future service on the Administrative Com-
mittee. 
As the mutual advantages of the Section-Group rela-

tionship through the agency of their Chapters get to be 
better appreciated, we can expect both Sections and 
Groups to make more systematic efforts to establish 
Chapters. We can expect as a result that the number of 
Chapters will increase very rapidly during the next few 
years. The Chapters therefore should play an increas-
ing role in enriching the specialized professional ac-
tivities in the Sections and in focusing national attention 
on outstanding technical accomplishments through the 
medium of the Professional Groups. 

CHAPTER ESTABLISHMENT AND ORGANIZATION 

The initiative in establishing a Chapter of a Profes-
sional Group in a Section may be taken by the Section 
Executive Committee, by the Professional Group Ad-
ministrative Committee, or by IRE members in the 
Section with an interest in the field of the Professional 
Group. In any case the procedure is the same: a petition 
is prepared, circulated among Section members for sig-
natures, and forwarded with the formal approval of the 
Section Executive Committee to the Technical Secre-
tary, IRE Headquarters. The Technical Secretary then 
obtains approval from the Executive Committee of the 
Institute, records at IRE Headquarters the existence of 
the new Chapter, and so informs the action Executive 
Committee. 
The petition must contain the following information: 

Name of Section 
Name of Professional Group 
Name of organizer (who becomes interim chairman 

pending election of regular chairman at a later or-
ganization meeting) 

Signatures of at least 10 petitioners (who must be 
IRE members and must indicate on the petition 
either that they are members of the Professional 
Group involved or are prepared to become mem-
bers if the petition is granted). 
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After receipt of information from the IRE Technical 
Secretary that the petition has been granted, the Chap-
ter Organizer holds organization and election meetings 
and informs Section, Group and IRE Headquarters of 
the results. The Section Chairman informs the newly-
elected Chapter Chairman of the reports expected from 
him and of the meetings which he or his delegate are in-
vited to attend. 

Chapters are added as they are petitioned by Section 
membership, and are terminated whenever they fall 
below the acceptable level of activity or effectiveness. 
The formal membership of a Chapter consists auto-
matically of IRE members who are also members of 
both the Section and the Group. Attendance at Chap-
ter meetings is not limited to Chapter members. 
The organizational structure required for a Chapter 

depends upon its activities. A single officer can provide 
the formal representation to the Group and can perform 
additional limited functions, such as arranging for an 
occasional speaker at a Section Meeting. Normally 
a Chapter is more active in arranging meetings, con-
ducting membership drives or soliciting papers, so that 
several officers are elected or appointed to its Adminis-
trative Committee as required. 

ADJUSTMENT BY THE SECTION TO ITS CHAPTERS 

To provide maximum service and encouragement to 
its Chapters and to capitalize most fully upon their 
activities, there are certain adjustments that the Sec-
tion should make. If the Section contains several Chap-
ters, or if the Executive Committee feels that the Sec-
tion might with advantage support several Chapters, 
there should be established a Chapter Committee. This 
Committee would be charged with stimulating, guiding 
and coordinating Chapter activities; its Chairman would 
be a member of the section Executive Committee. 
The Section should establish a Chapter Activities 

Fund to support Chapter activities and also to serve 
as a respository for funds collected as a result of same. 
The Section should plan to have Chapters arrange for 

some of the technical programs of its regular meetings. 
In fact, in larger Sections, most of the technical meet-
ings might be promoted by Chapters. A Section with 
several active Chapters may have to increase the num-
ber of meetings per year, but this should be considered 
to be a part of an expanded Section program. The Sec-
tion should reexamine its meeting space and facilities 
and should insure that these are adequate to handle the 
expanded program. 
The Section may find it necessary to increase the 

space in its Bulletin or meeting announcements to allow 
for the publicity required for Chapter activities. A 
monthly calendar of meeting dates and places might be 
added. In this connection a careful co-ordination of meet-
ing dates should be effected. The date of issue of the 
Bulletin might have to be modified to assist in Chapter 
participation. Local reports on Chapter activities should 
be gathered together in one part of the Bulletin and a 

copy of this part sent as early as possible to the Tech-
nical Secretary of the IRE for inclusion with similar 
material in a more general release by Headquarters. 

STATUS OF THE CHAPTER MOVEMENT 

Chapters on Audio existed in Boston and Milwaukee 
as early as the beginning of 1950. Whereas the Chapter 
movement is still so young that formal procedures are 
being established only now, there are already forty-eight 
Chapters in seventeen Sections of the IRE. Most active 
in this regard are the Los Angeles and Chicago Sections 
with twelve and eleven Chapters respectively. The 
Groups most active in establishing Chapters are Audio 
(10), Airborne Electronics (4), Broadcast Transmission 
Systems (4), Electronic Computers (4), and Vehicular 
Communications (4). Many more Chapters are in the 
process of formation, but those existing as of March I, 

1953 are tabulated below. 

Naine of Group 

Airborne Electronics 

Audio 

BY GROUPS 

No. of 
Chapters Section Location 

4 

Antennas and Propagation 
Broadcast and TV Receivers 
Broadcast Transmission Sys-
tems 

Circuit Theory 
Communications Systems 
Electron Devices 

Electronic Computers 

Engineering Management 
Industrial Electronics 
Information Theory 

Instrumentation 

Nuclear Science 

Radio Telemetry and Remote 
Control 

Quality Control 
Vehicular Communications 

Naine of Section 

Albuquerque (N.M. Sec.) 
Los Angeles 

San Francisco 
Seattle 
Baltimore 
Boston 

Baltimore, Dayton, Los An-
geles, Philadelphia 

10 Albuquerque (N.M. Sec.), 
Boston, Chicago, Cinn., 
Detroit, Kansas City, Mil-
waukee, Phila., Seattle, Los 
Angeles 

2 Chicago, Los Angeles 
2 Chicago, Los Angeles 
4 Boston, Chicago, Kansas 

City, Los Angeles 
2 Chicago, Los Angeles 
1 Washington, I). C. 
3 Emporium, l'a., Monmounth 

County, N. J. (N.Y. Sec.), 
Los Angeles 

4 Los Angeles, Philadelphia, 
San Francisco, Washington 

2 Washington, Chicago 
1 Chicago 
2 Albuquerque (N.M. Sec.), Los 

Angeles 
3 Chicago, Detroit, Los An-

geles 
2 Chicago, Oak Ridge, Tenn. 

(Atlanta Sec.) 

1 Los Angeles 
1 Chicago 
4 Chicago, Detroit, Los An-

géles, Washington 

BY SECTIONS 

No. of 
Chapters Groups 

Emporium, l'a. 
Monmouth County, N. J. 

(N. Y. Sec.) 

2 Information Theory, Audio 
12 Airborne Elec., Ant. and 

Prop., Audio, Broadcast 
and TV Rec., Broad. Tran. 
Sys., Circuit Theory, Elec. 
Devices, Elec. Computers, 
Vehicular Comms., Infor. 
Theory, Instru., Radio Tel. 
and Remote Control 

1 Electronic Computers 
1 Audio 
1 Airborne Electronics 
2 Audio, Broadcast Transmis-

sion Systems 
1 Electron Devices 

1 Electron Devices 
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Oak Ridge (Atlanta) Tenn. 
Philadelphia 

Washington 

Chicago 

Cincinnati 
Dayton 
Detroit 

Sections, cont. 

1 Nuclear Science 
3 Elec. Computers, Air. Elec., 

Audio 
4 Vehicular Comms., Engineer-

ing Mgt., Electronic Com-
puters, Communications 
Systems 

11 Audio, Ant. and Prop., Broad. 
and TV Rec., Broad. Tran. 
Sys., Circuit Theory, Indus-
trial Elec., Instru., Nuclear 
Science, Quality Con., Ve-
hicular Comms., Engineer-
ing Mgt. 

I Audio 
1 Airborne Electronics 
3 Audio, I nstru., Vehicular 

Comms. 

Kansas City 2 Audio, Broad. Tran. Sys. 
Milwaukee 1 Audio 

SECTION PG COORDINATORS 

Chicago—A. A. Gerlach— Section Vice Chairman in charge of PG 
activities. 

Cleveland— Carl E. Smith—PG Coordinator. 
Dallas—William Rust, Jr., Regional Director— Region 6—PG Liai-

son. 
Kansas City—sub-section— David T. Geiser—PG Liaison. 
Los Angeles— Dr. Robert M. Ashby— Chairman, L. A. Section PG 
Committee. 

New York—S. Moskowitz— Chairman, Section Chapters Commit-
tee. 

Philadelphia—J. C. Brainerd— Section Vice Chairman in charge of 
PG activities. 

San Francisco— Dr. J. M. Pettit—PG Coordinator. 

The Common-Collector Transistor Amplifier 
at Carrier Frequencies* 
F. R. STANSELt, SENIOR MEMBER, IRE 

Summary—Expressions are derived for input resistance, output 
resistance and ratio of input to output voltage and current at low 
frequencies for transmission in both the base-to-emitter and the 
emitter-to-base directions. These expressions are extended to the 
carrier frequency range (up to approximately twice the alpha-cutoff 
frequency) by considering the effect of the variation of alpha with 
frequency, of collector capacitance and of load capacitance. Experi-
mental evidence is presented which verifies the equations obtained. 

INTRODUCTION 

OF THE THREE fundamental transistor circuits, 
common-base, common-emitter and common-
collector, only the common-collector circuit, or 

as it is sometimes called, the grounded-collector circuit, 
may have a high input impedance. This high input 
impedance, together with its approximately unity 
voltage amplification makes the common-collector 
transistor amplifier similar in both operation and use to 
the vacuum-tube cathode-follower circuit. Unlike the 
cathode-follower, the common-collector circuit is a 
bidirectional device capable of transmitting signals in 
either of two directions. There are also questions of 
stability in the use of common-collector transistor 
circuits which do not exist in vacuum-tube cathode-
follower circuits. 
The common-collector circuit has been discussed in a 

general way by previous writers' ,2 It is the purpose 
here to extend these treatments and particularly to 
discuss the effects resulting from operating the common-
collector amplifier at frequencies above the audio-fre-

* Decimal classification: R282.12. Original manuscript received 
by the Institute, December 16, 1952; revised manuscript received, 
May 19, 1953. 

Bell Telephone Laboratories, Murray Hill, N. J. 
R. M. Ryder and R. J. Kircher, "Some circuit aspects of the 

transistor," Bell Sys. Tech. Jour., vol. 28, pp. 367-401; July, 1949. 
R. L. Wallace, Jr. and W. J. Pietenpol, "Some circuit properties 

and applications of NPN Transistors," PROC. I.R.E., vol. 39, pp. 753-
767; July 1951. Also Bell Sys. Tech. Jour., vol. 30, pp. 530-563; July, 
1951. 

(a) 

quency range. In this article the low frequency equa-
tions for the input and output resistance and for the 
ratio of input to output voltage and current will be 
derived and their physical significance investigated. 
Following this the effect of frequency on transistor 
circuits will be touched upon and the basic principles 
cited will be applied to the low frequency equations 
previously derived. In the concluding portion of the 
article some experimental observations which verify 
the derived results will be given. 
As previously mentioned, the common-collector cir-

cuit is bidirectional. Thus, the input may be either 
applied between the base and ground as shown in Fig. 1, 

re 

RY 

(b) 

Fig. 1—Common-collector amplifier transmitting in the XI' direc-
tion: (a) schematic, and (b) equivalent circuit. 

or the input may be applied between the emitter and 
ground as shown in Fig. 2. The convention used in this 
article is to refer to the first connection ( Fig. 1) as 
transmission in the X Y direction and the second connec-
tion (Fig. 2) as transmission in the Y X direction. 

INPUT RESISTANCE— X Y TRANSMISSION (OUTPUT 
RESISTANCE— Y X TRANSMISSION) 

The quantity R.5 as defined in Fig. 1 is both the in-
put resistance of a common-collector amplifier when 
transmitting in the XV direction and the output re-
sistance when transmitting in the Y X direction. Wal-



1953 Stansel: The Common-Collector Transistor Amplifier at Carrier Frequencies 1097 

(a) (b) 

lace and Pietenpol2 have given the value of this quan-
tity. Using the notation of Fig. 1, 

= rb+ 
1+ (rc— r„,)/(R,, r.) 

r. 
(1) 

It is frequently desirable to express this relation in terms 
of the current amplification factor a which is defined as 
[ôic/aie], and is equal to:2 

+ rb 
a =-_   

T., ± rb 
(2) 

By solving (2) for r„, and substituting in ( 1) the follow-
ing is obtained: 

r. 
R., = rb+  (3) 

1 (re rb)(1 — a)/(R, ± re) 

R„ consists of the base resistance Tb in series with an 
equivalent resistance R', equal to the second term of 
(3). Generally R', is so large that the initial Tb term of 
(1) or (3) may be neglected and R„ may be considered 
approximately equal to R',. 
By introducing the approximation rb«r‘ valid for 

most transistors of both point contact and junction 
types (3) may be further simplified and becomes: 

T. 
XII= XII  — (4) 

1 ± r.(1 — a)/(R„ r.) 

which may be rearranged in the form: 

1 1 1 — a 

R'., T., R, r,, 
(5) 

This equation shows that the input resistance for X Y 
transmission, neglecting the series resistance rb, can be 
considered as composed of two resistors connected in 

Ryx 

Fig. 2—Common-collector amplifier transmitting in the YX direc-
tion: (a) schematic, and (b) equivalent circuit. 

parallel. One resistor is the collector resistance of the 
transistor r., and the second is (R„-Fre) divided by 
(1 — a). 

Consider the case of junction transistors. For this 
type r., is quite large, often one or more megohms, so 
that the effect of this resistance is frequently of second 
order importance. a is generally only slightly less than 
unity so that ( 1—a) is a small quantity and 
(R„-Er.)/(1 — a) is large increasing in magnitude the 
nearer a is to unity. Therefore the input resistance of a 
common-collector amplifier using junction transistors is 
high and is determined largely by the load resistance 
and a but cannot exceed re. 

Fig. 3 shows the value of R',/re plotted as a function 
of (Ry+re)/r., for values of a found in both junction 
and point-contact transistors. Junction type transistors 
have values of a less than unity and the curves applic-
able are the solid lines in the center portion of the 
figure. Point-contact transistors, on the other hand, 
generally have values of a greater than unity and the 
curves applicable to these transistors are the dotted 
lines in the upper and lower portion of Fig. 3. 
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Fig. 3—Variation of input resistance as a function of load 
resistance—X Y transmission. 

4 6 

For a greater than unity, the input resistance is more 
complicated and may under some conditions be nega-
tive. The quantity 1 —a is negative so that R', consists 
of a positive resistance r, in parallel with a negative 
resistance — (R„-f-r eV (a — 1). For very small values of 
R,, less than the value given by the following expression, 

R, rb(a — 1) — r. (6) 

R., is positive. As R. is increased, R, decreases, be-
coming zero at the value given in (6). For greater values 
R„ is negative and increases in magnitude as R, is 
increased until at the value, 

R, = (re rb)(a — 1) — re (7) 

Rn is infinite. For greater values of R,, R., is positive, 
decreasing and approaching r, asymptotically as R, is 
increased. The corresponding variation of R', is shown 
by the dotted curves of Fig. 3. 

INPUT RESISTANCE — YX TRANSMISSION (OUTPUT 
RESISTANCE— X Y TRANSMISSION) 

The quantity R, as defined in Fig. 2 is both the in-
put resistance of a common-collector amplifier when 
transmitting in the YX direction and the output re-
sistance when transmitting in the X Y direction. In the 
same manner as (3) its value is found to be, 
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(1 — a)(ry+ 
Ry. = re+  (8) 

1 -1- rc/(R.-F rt.) 

As in the case at R.„, Ry2 consists of the emitter re-
sistance re in series with an equivalent resistance R',2 
whose value is the second term of (8). 

In contrast with has a low value often of the 
same order as re and hence R'yx is generally not a good 
approximation for Ryx. 

Introducing the appriximation rb«re the expression 
for R'y2 may be written in the form: 

1 1 [ 1 1 1, 
(9) 

R'„. (1 — a) rc R.+ rb 

this indicating that ley. may be considered as two re-
sistors ( 1 — a)r, and (1 —«)(R.ed-rb) connected in parallel. 

For many transistors the collector resistance re is 
high enough so that the first branch has little effect on 
the value of R'„, and the following approximation is 
valid for the total input resistance: 

R„.'-22_ re -I- ( 1 — a)(R. rb) (10) 

The variation of the R',,2/r4 as a function of 
(R.-Frb)/re is shown in Fig. 4. As in the previous case, 
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Fig. 4—Variation of input resistance as a function of !old resistance 

— YX transmission. Note that scale for is different for 
positive and negative values. 

the curves applicable to junction transistors are shown 
in solid lines and the curves applicable to point-contact 
transistors are in dotted lines. Note that the curves ap-
plicable to junction transistors are plotted to a dif-
ferent scale of R',,,/rc than those applicable to point-

contact transistors. 
For a less than unity (junction transistors), R'„2 is 

always positive and increases as (Rx+rb) is increased 
with a limiting value of ( 1 — a)re. For a greater than 
unity (point-contact transistors), R'„2 is always nega-
tive. The total input resistance R,,0 is positive for values 
of R. less than 

r„ — rb(« — 1) 
R. —   (11) 

(« — 1) — re/(rb rb) 

for R. equal to ( 11), Ry2 is zero. For larger values of R, 
Ry2 is negative, increasing in absolute magnitude as R, 
increases and approaching the limiting value — (« 
The corresponding variations of R'yx are shown by the 
dotted lines in Fig. 4. 

RATIO OF INPUT TO OUTPUT VOLTAGE AND CURRENT 

These ratios may be found by solving the mesh equa-
tions for a common-collector transistor.' For XY 
transmission these ratios are: 

[e2] =   + rb( rb(1 — a) + re) 
1 (12) 

ey Yy r0 Ry  

rix 
L 211 

For most transistors rb«re and re«rc so that the 
term outside the bracket in ( 12) and the ( 1+7.b/r,) 
term in ( 13) are essentially unity. For large values of 
Ry the voltage ratio approaches unity while the cur-
rent ratio is approximately: 

1 = (1 — a)(1+ rb/rc)± (R y+ re)/r.. (13) 

I [ ( 1 a) ± Ry/re.15 
(14) 

For a less than unity (junction transistors), the out-
put voltage and current are in phase with the input 
voltage and current for all values of Ry. For a greater 
than unity (point-contact transistors) the output volt-
age and current are in phase with the input voltage and 
current if Ry has a value greater than ( 7). If R„ is 
greater than (6) and less than ( 7) the input and output 
voltages are in phase and the input and output currents 
are 180° out of phase. If Ry has a value between zero 
and (6) the output voltage and current are 180° out of 
phase with the input voltage and current. 

For YX transmission, 

rb 

= 1 ex yx R. 

re 

+ —(re + rb)(1 — a) 

[—ix]xy = 1 — [ 

[1 + rbi 

R. J 

1 + 
R. 1 

re+ rbi 

if rb«re ant R,«re, (15) s approximately: 

(15) 

(16) 

[-C-Y rb = 1 -  7.4 (17) 
ex yx R. R.(1 — a) 

For a less than unity (junction transistors) the output 
voltage and current are in phase with the input voltage 
and current for all values of R.. For a greater than 
unity (point-contact transistors) the output voltage 
and current are 180° out of phase with the input voltage 
and current when R. is less than the value given by ( 11). 
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For values of R. greater than ( 11) the input and out-
put voltages are in phase while the input and output 

currents are 180° out of phase. 

EFFECT OF FREQUENCY 

All of the preceding equations have assumed that the 
frequency is low. As the frequency is increased, four 
effects modify these equations. They are: 

(a) Variation of a both in magnitude and in phase 
with frequency. 

(b) Variation of re and ri, with frequency. 
(c) Effect of internal capacitance of the transistor 

particularly the capacitance shunted across r, 
and the equivalent generator ibr„,,. 

(d) Effect of capacitance shunted across the load and 

generator resistances, that is, across R., and Ry. 
Ryder and Kircher' have discussed the frequency 

characteristic of a for point-contact transistors. Their 
observations were that the phase shift of a is "related to 
the amplitude in the same way as if the characteristic 
were that of a 'minimum phase' passive circuit." Based 
on these observations, D. E. Thomas' has suggested 
that a can be represented by the equation: 

ao 

ot =   e 
1 + jfl 

(18) 

in which ao is the value of a at low frequency, 9 is the 

ratio of the operating frequency to the cutoff frequency, 
f,, and fe the frequency at which the magnituce of a is 
1/N/2 that of the low frequency value. 
A more exact expression for a, 

a = ao sech (j2.439)", (19) 

has been derived by Pritchard' from the theoretical 
treatment of NP junctions by Shockley, Sparks and 
Tea1.5 By expanding ( 18) into an infinite series it may 
be shown that ( 18) is a first approximation for ( 19). In 
an unpublished communication with the author, 
Pritchard has pointed out that while this approxima-
tion is quite good in magnitude, the difference being 
less than 0.1 db at 1.8 f., the agreement in phase is not 
so good. At the cutoff frequency f, the two expressions 
differ by 13°. Hence on the basis of both theoretical 
considerations and experimental data which follows the 
use of the simpler expression ( 18) is justified at lower fre-
quencies. At high frequencies a more complicated ex-
pression such as ( 19) may be required. 

During the summer of 1952 the author made a series 
of measurements to determine whether ( 18) was ac-
curate for junction type as well as point-contact tran-
sistors. Six grown junction NPN and two early experi-
ment PNP alloy transistors were measured. In all cases 
the experimental results checked ( 18) within the limits 
of experimental error, generally closer than 0.1 db, up to 

3 D. E. Thomas, "Transistor amplifier-cutoff frequency," PROC. 
I.R.E., vol. 40, pp. 1481-1483; November, 1952. 

R. L. Pritchard, "Frequency variations of current-amplification 
factor for junction transistors," PROC. I.R.E., vol. 40, pp. 1476-1481; 
November, 1952. 

5 W. Shockley, M. Sparks and G. K. Teal, "P-N Junction tran-
sistors," Phy. Rev., vol. 83, pp. 151-162; July 1, 1951. 

about twice the cutoff frequency. Above twice the cutoff 
frequency the measured loss in a was generally greater 
than the computed loss. 

Recently the author has measured additional tran-
sistors including some PNP alloy units from several 
sources. In general most PNP alloy units measured re-
cently have not followed ( 18) as closely as grown junc-
tion N l'N units. Beyond the cutoff frequency most PNP 
alloy units have a tendency to decrease in a at a much 
faster rate than indicated by ( 18). 

Cutoff frequency is effected by the operating point 
of the transistor. For grown junction NPN units the 
cutoff frequency increases with increasing collector 
voltage. In units checked cutoff frequency reached a 
maximum value at an emitter current between 0.5 and 
2 ma. Cutoff frequency may also be affected by ambient 
temperature but this change is generally not large. 

J. M. Early° has shown that because of secondary 
effects the complete expression for r, and ri, includes a 
correction factor which varies with frequency. The cor-
responding correction factors for re and a are negligible. 
These correction factors have not been introduced since 
in most cases these terms are small enough to be negli-
gible. For a more exact treatment the effect of the 
variation of r, and ri, with frequency must be considered. 

GENERALIZED EQUIVALENT INPUT CIRCUIT— 

X I7 TRANSMISSION 

The generalized form of R'xy can be best expressed in 
the form of an admittance. This relation is obtained 

from (5) by substituting ( 18) for a, Gy+jwCy for 1/R, 
and ,g,i-jwc, for 1/re. Assuming re«R,,, and after some 
purely mathematical steps, the following equivalent in-
put conductance and capacitance are obtained: 

(1 — ao n')G, 271-fe Ci,a092 
G' .„ go + (20) 

1 4- 92 1 + 

aoG, (1 — ao 22)Cy 
C' z„ ce (21) 

2-iffe(1 + a') 1 + 9.2 

in which f2=f/f,.7 

Zxy Zxy 

Fig. 5—Equivalent circuit for input impedance of common-
collector amplifier. X Y transmission. 

The equivalent circuit which corresponds to (20) and 
(21) is shown in Fig. 5. It consists of three resistances 

J. M. Early "Effects of space change layer widening in junction 
transistors," PROC. I.R.E., vol. 40, pp. 1401-1406; November, 1952. 

7 In deriving (20) and (21) it was assumed that the collector 
capacitance cg shunts only re qnd not re and the equivalent generator 

in series. The justification for this approximation is as follows. 
The effect of shunting re and i,,r„, by cg is equivalent to replacing re 
and with reo and r,,,r¢ where = (1 — jQg)/(1-1-Qc2) and Qg=corgcg. 
If in deriving a from r„, and re using (2) rb is assumed negligible with 
respect to both r„, and r„ the i's will cancel showing that a is not 
affected by the presence of cg. 
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corresponding to the three terms of (20) and three ca-
pacitances corresponding to the three terms of (21) all 
connected in parallel. By adding the series impedance 
ro the complete generalized equivalent circuit is obtained 
although as previously discussed this series term can 
generally be neglected. 
A useful set of approximate values can be obtained 

from (20) and (21) by assuming that the 2 2 term in 
1+ f22 and 1 —a0+22 can be neglected. This approxima-
tion is valid up to 0.05 so 0.1 of the cutoff frequency and 
is useful in designing circuits in the frequency range 
up to 100 to 200 kilocycles. For this condition: 

gc+ (1 — ao)G„ — 271-f. C,,,a0n2 (22) 

C's„ cc+ a0G,,/2rf. ± ( 1 — ao)C,,. (23) 

This approximation shows that at low frequencies both 
the input conductance and capacitance of a common-
collector amplifier are nearly independent of frequency. 
The only frequency dependent term in (22) and (23) 
is the third term in (23) which can be minimized by 
making C, small. 
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Fig. 7—Input capacitance (X Y transmission) for same transistor 
as Fig. 6. 

Figs. 6 and 7 are some illustrative curves for a com-
mon-collector amplifier using a junction transistor 
whose parameters are: 

cro = 0.98 f = 2 megacycles 
r, = 1 megohm c. = 5 micromicrofarads. 

In this amplifier C, is assumed to be zero. 

Fig. 6 shows the resistance component of the input 
impedance. As in the low frequency case, the input 
resistance increases as the load resistance is increased 
with an upper limit equal to r, as determined by the first 
term in (20). Fig. 7 is the capacitance component of 
the input impedance which decreases as the load re-
sistance is increased approaching c, as a limiting value. 
The effect of a capacitance shunted across the load 

resistance is given by the third term of both (20) and 
(22). Since this term has a negative sign, its effect is to 
decrease the input conductance or to increase the input 
resistance. Because of the f22 term in the numerator 
this term has little effect at low frequencies but becomes 
of increasing importance as the frequency is increased. 
The magnitude of this term is directly proportional to C, 
and if C, is made large enough the magnitude of the 
third term will exceed the sum of the other two terms. 
For this condition the input conductance will have a 
negative value. Such negative conductance values have 
been measured experimentally. 
When ao is greater than unity as in point-contact 

transistors both the second and third terms of (20) and 
(22) may be negative. This is a generalization of the 
negative resistance case previously discussed. 

GENERALIZED EQUIVALENT INPUT CIRCUIT— 
YX TRANSMISSION 

The generalized form of expressed as an admit-
tance, may be found in the same manner as (20) and 
(21). The assumption that rb«R4 is also made. Because 
of the relative magnitudes of ro and r, this approxima-
tion is not as generally valid as in the previous case. 
The equivalent input conductance and capacitance for 
this case are: 

(1  — ao S-22)g, (1 — ao ± 92)G, 
_ aor 1-22 o _ «02 ± /-22 

27rfen2a0(ce + C.) 
A-

(1 — «0) 2 ± 

(24) 

(1 — ao ± 122)(c. ± C.) aog.  
C'.. 

(1 — ao)2 ± f2 27rfe [(1 — oto) 2 n2] 

«ex 
27rfc Ri — oto)2 + 221 

re 

(25) 

Fig. 8—Equivalent circuit for input impedance of common-
collector amplifier. Y X transmission. 

The equivalent circuit corresponding to (24) and (25) 
is shown in Fig. 8. It consists of three resistances cor-
responding to the three terms of (24) and three ca-
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pacitances corresponding to the three terms of (25) all 
connected in parallel. By adding the series impedance 

the complete generalized circuit is obtained. In gen-
eral, resistance values in Fig. 8 are lower than in Fig. 5, 
so it is often necessary to consider the effect of this series 
term. 

Figs. 9 and 10 are illustrative curves computed for 
the same amplifier as used in Figs. 6 and 7. By compar-
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ing these two sets of curves it may be seen that these 
two impedances are in many ways the inverse of each 
other. The input resistance of X Y transmission is high 
and nearly constant at low frequencies. As the fre-
quency increases, this resistance decreases. In contrast, 
for YX transmission the input resistance is low and in-
creases quite markedly with frequency at low fre-
quencies. As the frequency increases, this resistance 
approaches an asymptotic value which is essentially 
Rz for low values of Rz. For higher values of Rz this 
asymptote is reduced in value by other two shunt re-
sistances shown in Fig. 8. 

The input capacitance for X Y transmission is positive 
and nearly constant with frequency while the input ca-
pacitance for YX transmission may be negative and 
varies quite markedly with frequency. 

EXPERIMENTAL OBSERVATIONS 

A series of measurements were made to verify the 
foregoing mathematical treatment. The larger portion of 
these measurements was made using NPN junction 
transistors although some measurements were also 
made using point-contact and early experimental PNP 
alloy transistors. All observations checked computed re-
sults within the limits of experimental observations. 

Fig. 11 shows the measured ratio of input to output 
voltage of a common-collector amplifier as a function of 
the load resistance. These measurements were made at 

12 

10 

0. 
2 

o 

O MEASURED VALUE 

-COMPuTED CURVE 

YX TRANSMISSION 

XY TRANSmiSSION 

e 

0 

1 e e 
lO 20 40 60 100 200 400 600 1000 2000 4000 10,000 

LOAD RESISTANCE IN OHMS 

Fig. 11-Measured values of ratio of input to output voltage as 
function of load resistance. Output voltage = 0.005 volts; frequency 
=30 kilocycles. 

30 kilocycles using an NPN junction transistor with a 
constant output voltage of 0.005 volts. The two curves 
show the theoretical ratios for transmission in the XY 
and in the YX directions, computed using ( 12) and ( 15) 
respectively. Except for low values of load resistance, 
the measured values, as indicated on Fig. 11, check very 
closely the computed curve. For YX transmission there 
is a possibility some of the error was due to neglecting 
the effect of stray inductance in series with the load. 
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Fig. 12-Measured values of ratio of input to output voltage as 
function of frequency. X Y transmission. R8=5620 ohms. 

Fig. 12 shows the ratio of input to output voltage as 
a function of frequency for three transistors, a NPN 
junction transistor, an early experimental PNP alloy 
transistor and a point-contact transistor. These curves 
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were all taken transmitting in the X Y direction and with 
a load of 5620 ohms. In all cases, the voltage ratio is 
very close to unity, increasing only slightly as the fre-
quency increases. From 10 kilocycles up to the cutoff 
frequency the variation in voltage is in the order of a 
few tenths of a decibel. 

Figs. 13 and 14 show a series of measurement of in-
put admittance of a common-collector amplifier using 
a NPN junction transistor and a 10,000 ohm load re-
sistance. These measurements were made using a pre-
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Fig. 13—Input conductance as a function of load capacitance. 
X Y transmission. R, = 10,000 ohms. 

cision admittance bridge suitable for use at frequencies 
up to at least 500 kilocycles. According to (20) and (21), 
both the conductance and the capacitance components 
of the admittance are linearly related to the load ca-
pacitance. Fig. 13 shows observed values of input con-
ductance and Fig. 14 observed values of input capaci-
tance both as functions of load capacitance and at sev-
eral frequencies. It will be noted that the predicted 
linear relation was observed. 

In (20) it will be noted that the conductance term 
proportional to the load capacitance has a negative sign. 

Hence, as load capacitance is increased the input con-
ductance should decrease and if the load capacitance is 
made large enough, it should be possible to obtain a 
negative input conductance. Fig. 13 shows that this 
decrease in conductance with increasing load capaci-
tance was observed and for frequencies of 75 kc and 
above negative values of input conductance were meas-
ured. 
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A Review of Methods for Measuring the Constants 
of Piezoelectric Vibrators* 

EDUARD A. GERBERt, ASSOCIATE, IRE 

Summary—The intent of the paper is to review all the known 
methods for measuring the constants of piezoelectric vibrators. The 
discussed methods are divided into two groups: routine measuring 
methods and laboratory measuring methods. The use of self-con-
trolled oscillator circuits with the vibrators oscillating at their 
resonant frequency is recommended in the first group and the use of 
bridge circuits is recommended in the second group. 

I. INTRODUCTION 

A
PIEZOELECTRIC VIBRATOR consists of a 
blank cut from piezoelectric material, usually in 
the form of a disk, slab, or ring, and with elec-

trodes attached to, or supported near, the blank to ex-
cite one of its resonant frequencies. The piezoelectric 
vibrator can be represented in the vicinity of one of its 
resonant frequencies by its equivalent circuit, consisting 
of the series connection of an inductance, a capacitance, 
and a resistance, in parallel with a second capacitance. 
This simple network represents a resonant mode of the 
vibrator in all cases where the relative distance between 
resonant and antiresonant frequency is small in com-
parison with unity. Many methods are in use to measure 
the parameters of the equivalent circuit and their varia-
tions with temperature and pressure. It is the purpose of 
this paper to describe these methods, to discuss their 
advantages and disadvantages, and to recommend cer-
tain preferred methods. Future use of these methods 
by manufacturers and others concerned with the meas-
urement of equivalent parameters will result in reliable 
and comparable results. 

Re 

Xe 

Fig. 1—Equivalent circuits of a piezoelectric vibrator. 

II. PARAMETERS OF A PIEZOELECTRIC VIBRATOR 

Fig. 1 shows the equivalent circuits of a piezoelectric 
vibrator. The four fundamental parameters LI, C1, RI, 
and a determine the network completely; any other 
parameters, such as the resonant frequencies (or more 

* Decimal classification: R214.211. Original manuscript received 
by the Institute Sentesnber 5, 1952. 
j- Signal Corps Engineering Laboratories, Fort Monmouth, N. J. 

accurately, the characteristic frequencies, as they are 
called throughout this paper), the quality factor Q1 and 
the capacitance ratio r = Co/CI may be derived from 
them. The latter parameters, however, are of greatest 
practical importance in piezoelectric vibrators and 
methods for measuring them directly will also be con-
sidered in this paper. On the other hand, a measurement 
of the crystal resistance R. under positive reactance con-
ditions, as occurs in a Miller or Pierce circuit, is not 
considered to be fundamental and for this reason is 
omitted. Furthermore, it is not the purpose of this 
paper to give general frequency measuring methods 
which can be found elsewhere. Rather, the intent is to 
describe methods for exciting, in a proper way, the char-
acteristic frequency to be measured. 

For the purpose of defining the different character-
istic frequencies, the impedance Z of the equivalent 
network, its resistive component R., its reactive com-
ponent X,„ and the reactance Xi of the LICIRI branch 
are plotted as function of frequency in Fig. 2. It must 
be mentioned that these curves do not represent a spe-
cial piezoelectric vibrator; they have only qualitative 

I 

fm fs to 

Zn 

Is 

Fig. 2—Impedance Z, resistance R., reactance X. and series arm re-
actance XI of a piezoelectric vibrator as a function of frequency. 
Z. and Z. denote minimum and maximum impedance, R, and R. 
the impedances at zero phase angle. For the meaning of the 
different frequencies, see Table I. 

character. To further enlighten the situation and, for 
reference later in the paper, the impedance and admit-
tance circles of a piezoelectric vibrator are reproduced 
in Fig. 3. However, the circle representation of the im-
pedance or admittance of a piezoelectric vibrator is 
valid only if, in the admittance diagram, the circle 

W. G. Cady, "Piezoelectricity," McGraw-Hill Book Co., Inc., 
New York, N. Y., p. 374: 1946. 
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diameter is large in comparison with the change of 
c...)Co in the resonance range, or if 

r Q12 (1) 

which is the case in most vibrators. If this condition is 
not fulfilled, the admittance curve shows a cissoidal 
character. 

-
 R
E
A
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E
 
-

I-

r-

Ra 

Fig. 3—Impedance and admittance diagram of a piezoelectric 
vibrator. The symbols conform with those used in Fig. 2. 
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The characteristic frequencies, as shown in Fig. 2, 
are explained in Table I. This table also gives formulas 

TABLE I 

Symbol Condition relative distance from f, 

f. 

.t; 
fa 
f,, 

series resonant frequency 
frequency at minimum Z 
resonant frequency (X.-0) 
antiresonant frequency (X,= 0) 
frequency at maximum Z 

[1— (1 +G)/IC1/4C0 (2) 
[1 — ( 1— b)/21C1/4Co (3) 
[1 + ( 1 — b)1/1C1/4Co (4) 
[I + ( 1 +b)vICl/4Co (5) 

which may be useful in relating the different frequencies 
to the resonant frequency of the series arm f„ called 
"series resonant frequency" in the following. These 
equations are derived under the assumption that (1) 
is in force, but they hold exactly even when R1 is larger 
than Xo. The parameter b represents the expression 
(2RI/X0)2. In particular, if 

b « 1 (6) 

as is the case in high quality quartz resonators, then to 
a very good approximation f,=f„,=f, and f,, f,,. 

III. DIVISION OF MEASURING METHODS 

This report is presented in such form that both re-
search workers and manufacturers may readily choose 
applicable methods of measurement. Those engaged in 
research are concerned primarily with accuracy; manu-
facturers, however, must consider the needs of economy 
as governed by the speed with which operation can be 
performed. To comply with these different points of 
view, the paper will be divided into two main sections: 
Routine Measuring Methods and Laboratory Measur-
ing Methods. All methods recommendable for routine 
measurements will be treated in the next section and the 
rest, applicable to laboratory use exclusively, will he 
discussed in a later section. 

IV. ROUTINE MEASURING METHODS 

A. Static Capacitance Co 

Co is usually determined in a capacitance bridge or in 
the Q-meter at a frequency low enough for the crystal 
vibrations to become immaterial. However in this case, 
the sum of Co and C1 is actually measured as may be 
seen from Fig. 1. Should other resonant frequencies of 
the vibrator be present between the frequency used for 
determining Co and the resonant frequency under con-
sideration, the C1 values of the equivalent circuits of 
these other modes will also contribute to the low fre-
quency capacitance. For precise results, therefore, Co 
should be measured above the resonance under consider-
ation. In the case of bars in lengthwise vibration, for 
instance, an exact result is obtained using an alternat-
ing voltage of twice the fundamental frequency.2 In 
the case of thickness vibrations, Co should be measured 
at frequencies above the highest resonances. 

In the case of an AT-cut quartz vibrator, the " true" 
Co is only 0.7 per cent lower than Co measured below 
resonance and in most cases no correction is necessary. 
In the case of a vibrator with a large distance between 
resonant and antiresonant frequency, however, the dif-
ference between the true and the low-frequency Co may 
be much larger. For example, a barium titanate ceramic 
disk vibrating in its compressional thickness mode, has 
a true Co 25 per cent lower than the low-frequency Co;3 
for Rochelle salt and potassium dihydrogen phosphate 
this percentage may be even larger. 

B. Characteristic Frequencies 

1. Q-Meter Measurements: According to George, 
Selby, and Scolnik,4 an unshielded coil is resonated in a 
Q-meter (such as manufactured by Boonton Radio 
Corp.) at a frequency near that of the vibrator. The 
piezoelectric vibrator is short-circuited by a small loop 

2 W. G. Cady, loc. p. 397. 
3 W. P. Mason, " Piezoelectric Crystals and Their Application to 

Ultrasonics," D. Van Nostrand Co., Inc., New York, N. Y., p. 293; 
1950. 

4 W. D. George, M. C. Selby and R. Scolnik, "Precision measure-
ment of electrical characteristics of quartz crystal units," PROC. 
I.R.E., vol. 36, no. 9, pp. 1122-1132; September, 1948. 
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and placed near the low-voltage end of the coil, see Fig. 
4. The Q-meter frequency is varied until a sharp dip 
indicates the frequency at minimum impedance of the 
circuit including the vibrator which is very close to f. 
and f,, if (6) is fulfilled and the other circuit param-
eters are chosen properly. 

CRYSTAL  

SIGNAL 

GENERATOR 

Fig. 4—Measurement of the characteristic frequency f„, (at 
minimum impedance) in the Q-meter. 

Connecting the vibrator in parallel with the Q-meter 
coil, shown in Fig. 5, enables one to measure f.. The rf 
generator within the Q-meter and the Q-meter tank 
circuit must be tuned successively in such a way that 
the instrument reading is at maximum with the crystal 
inserted and removed. 

Because the frequency of the internal rf generator is 
not sufficiently constant for measurement on crystals, 
it is advisable to disconnect it and apply an external 
constant rf voltage directly across the coupling re-
sistor in the Q-meter tank circuit. 

SIGNAL 
GENERATOR 

Fig. 5—Measurement of the characteristic frequency f,. (at 
maximum impedance) in the Q-meter. 

The conservative estimate of accuracy is ± 1.5 - 10-6 
for the f, measurement, and ± 2.5 - 10-8 for the fa meas-
urement, according to George Selby and Scolnik. 

2. Filter Methods: The simple measuring circuit de-
scribed by Heegner," belongs to this category. It con-
sists of a pick-up coil loosely coupled to a tunable oscil-
lator, the crystal, a series thermo-element and, of course, 
appropriate frequency measuring equipment. A maxi-
mum current to the crystal corresponds closely to the 
minimum frequency fm. 

Another filter method is the so called " transmission 
method" shown in Fig. 6. The circuit consists of a tun-
able oscillator, a resistance network with the crystal, 

e and a vacuum tube voltmeter or other detector. When 
the oscillator frequency is changed, a maximum reading 

6 K. Heegner, "Gekoppelte selbsterregte Kreise und Kristallos-
zillatoran," Elek. Nach. Tech., vol. 15, no. 12, pp. 359-368; 1938. 

is observed which corresponds closely to the frequency 
If the values of the elements R and C of the trans-

mission network are small, f„, is very close tof,, the series 
resonant frequency and to ft. ,the resonant frequency. If 
these conditions are not fulfilled, however, corrections 
must be applied to find f, and f, from the measured fre-
quency value f„,. Koerner,' who furnishes details of the 
transmission circuit in his paper, gives formulas for 
the frequency deviation due to the components R and 
C of the transmission network in Table I of his paper. 

Li SIGNAL 
GENERATOR 

DETECTOR 
AND 

VOLTMETER 

Fig. 6—Transmission measuring circuit. 

A maximum reading of the voltmeter is obtained for 
f, instead for f,, and, therefore, f, may be measured di-
rectly if Co is antiresonated by an additional inductance 
Lo shunting the crystal. The error in measuring f,, in 
this case,' is proportional to the relative deviation of 
(LoC0)-1/2 from co, and is zero, if LoCo is tuned exactly 
at co.. The accuracy of frequency measurement can be 
1 - 10-6 or better, depending upon the choice of network 
components and the application of the correction 
formulas. 

3. Antiresonance Method: The circuit shown in Fig. 7 
is able, according to Gerber,' to measure the maximum 
impedance frequency f., of a piezoelectric vibrator. This 

Fig. 7—Anti-resonance measuring circuit. 

frequency corresponds to a maximum rf voltage across 
the crystal which is connected across the plate of an 
amplifier tube. If the reactance X of the capacitance C, 
which includes Co and the capacitance of the circuit, is 
large in comparison with RI, f,, is very close to f, the 
antiresonance frequency of the vibrator. If the above 
condition is not fulfilled, a correction similar to that 
mentioned in paragraph IV-B-2 must be applied. It may 
readily be found by subtracting (4) from (5). The re-
sistance R which includes the plate resistance of the tube 
and the input resistance of the detector influences the 
result only if it is comparable with RI. In this case, fa 
may be found from 

L. F. Koerner, "Progress in development of test oscillators for 
crystal units," PROC. I.R.E., vol. 39, no. I, pp. 16-26; January, 1951. 

7 E. A. Gerber, "Quartz-crystal measurement at 10 to 180 mega-
cycles," PRoc. I.R.E., vol. 40, no. 1, pp. 36-40; January, 1952. 
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f — (R1 2 + !._?2.\. 

f„ CoX2 R ) 

4. Self-controlled Oscillator Circuits: A disadvantage 
of all the methods described hitherto is the fact that a 
variable rf oscillator having the short-time stability of a 
crystal oscillator is needed. To avoid this disadvantage, 
circuits have been devised which utilize the crystal to 
be measured as the frequency controlling element in 
their amplification or feedback path. Three different 
circuits of this type are known and in use: the Crystal 
Impedance (CI) meter, the Butler circuit, and the 
Heegner circuit. 

a. The CI Meter: This circuit was first devised by 
Heegner,' and developed for practical use by the Fre-
quency Control Branch, Signal Corps Engineering 
Laboratories.m The basic circuit diagram is given in 
Fig. 8. Three units have been designed to cover the 
frequency range between 75 kc and 120 mc. The circuit 

L RL 

(7) 

Fig. 8—Crystal impedance meter. 

employs a well shielded pentode with tuned grid and 
plate circuits and a crystal network in the main feed-
back path which also contains a series capacitance CT 
and substitution resistors. In operation, the crystal is 
switched into the circuit with CT short circuited and the 
ganged LC circuits are tuned to obtain maximum grid 
current. To measure fr, the crystal and the substitution 
resistor are alternately switched into the circuit. By 
adjusting the value of the substitution resistor and the 
LC tuning, the frequency and the grid current (which 
is a measure of the amplitude of vibration) may be set 
at values which do not change when either the crystal 
or the resistor is in the circuit. This adjustinent per-
mits measurement of f,.. Precaution must be taken that 
the substitution resistor has no phase angle, otherwise 
the frequency at zero reactance cannot be measured 
exactly. 
Another method for measuring fr in the CI meter, 

which does not need the substitution of a resistor, is 
described by Rosenthal and Peterson.' They connect a 

8 A. C. Prichard and M. Bernstein, "Crystal impedance meters 
replace test sets," Electronics, vol. 26, pp. 176-180; May, 1953. 

L. A. Rosenthal and T. A. Peterson, Jr., "Measurement of the 
series resonant resistance of a quartz crystal," Rev. Sci. Instr., vol. 
20, no. 6, pp. 426-429; June, 1949. 

cathode-ray oscilloscope to the two terminals of the 
crystal network and observe the phase shift across it. 
The tuning of the LC circuits is changed until zero 
phase shift is observed. Unfortunately, this method of 
measuring the phase shift is not very accurate and the 
substitution method is preferable if exact results are 
desired. However, a high degree of accuracy can be ob-
tained by using a sensitive phase indicator such as 
described by Laver.'" Phase changes of about + 0.2 
degree corresponding to a frequency error W/f , of 
±0.00174/Q, can be measured. Measurement of f. may 
be accomplished—as described in section IV-B-2—by 
antiresonating Co by an inductance shunting the crystal 
and by tuning LC for maximum grid current. 
The accuracy of frequency measurement by the sub-

stitution method up to 15 mc as compared with bridge 
measurements is about 5.10-0. For frequencies above 
15 mc, the accuracy will decrease due to the increasing 
phase angles of the components, especially of the sub-
stitution resistor. 

9-1Ieegner circuit. 

b. The IIeegner and Butler Circuits: The Heegner 
circuit,"•6 shown in Fig. 9 is a two-tube oscillator with 
the crystal in a resistance network; the Butler cir-
cuit,"," shown in Fig. 10, is also a two-tube oscillator, 
consisting of a cathode follower and a grounded-grid 
amplifier which are connected by the crystal. The 
method of measuring is the same as that of the CI meter. 

Fig. 10—Butler circuit. 

5. Comparison Between the Different Methods: As has 
been mentioned previously, the great advantage of self-
controlled oscillator circuits in comparison with all 

18 F. J. M. Laver, "Crystal resonators as frequency substandards," 
Prot. IEE (London), pt. Ill, vol. 97, no. 46, pp. 93-99; March, 1950. 
" R. Bechmann, "On circuits for piezoelectric quartz oscillators 

and resonators for frequency stabilization and filters," Telefunken-
llausmitteilungen, no. 78; March, 1938. 

12 D. A. Venn, "Measuring vhf impedance of piezoelectric crystals 
at resonance," Tel- Tech., pp. 44-46; March, 1950. 

13 W. A. Edson, W. T. Clary and J. O. Hogg, Jr., Final Report on 
Contract No. W36-039 sc-36841 Georgia Institute of Technology, 
Atlanta, Ga., pp. 118-129; Dec., 1950. 
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other described methods lies in the fact that no separate 
tunable oscillator is needed. Further fa and fr may be 
measured directly. Thus, the self-controlled oscillator 
method (section IV-B-4) is recommended for routine 
frequency measurements. Only if RI is too high to allow 
oscillations to start, is it necessary to use the trans-
mission method (section IV-B-2) or the antiresonance 
method (section IV-B-3). 

For comparing performance between the CI meter, 
the Heegner and the Butler circuits, it is desirable to 
know to what extent frequency is varied by mistuning 
the LC circuit. The expressions for the loop gain of the 
three oscillators are tabulated in column 2 of the Table 
II, assuming a high amplification factor of the tubes. 

TABLE II 

Loop Gain 

Frequency change — of the 

t14.1 

oscillator due to a detuning — 

of the LC circuit 

CI Meter 
R. +2Rt 

(8) 
Au, Q 
— (1 + 2 
w Qi 

—RL ) ( 11) 

Heegner 
Circuit 

gt,,,LR/CRt 

(R. +2R)IR 
(9) 

Lc.) Q 
—  — 1 I +2 

(2, 
__) (12) 

g2,,,LRICRL 

But ler 
Circuit (1 -i-R)<R,+ 

Q R I 
(10) — —(1 +2 — --) ( 13) 

1 +gmR) // w Qt RI 1 + gm'? 2  

g„, =transconductame; CI, Quality factor of the crystal; Q quality factor of the 
LC circuit; for other symbols see Figs. 8. 9. and 10. 

To obtain the change of the oscillator frequency 
Acos/co8 clue to a detuning Aco/co of the LC circuit, 
RI (1-F2iQiAcos/co„) and L/ ( CR L)(1-F2jQAcoba) are in-

troduced instead of RI and L/CRL in the loop gain ex-
pressions. If the imaginary part of these expressions is 
set equal to zero and the resulting equations are solved 
in terms of Awa/co„, the results given in the third 
column of Table II are obtained. An inspection of these 
equations shows that the Heegner and Butler circuits 
are able to measure with somewhat greater accuracy 

frequency of low resistance crystals because R can he 
made low while RL, the loss resistance of L, cannot he 
lowered below a certain amount. The CI meter and the 
Butler circuit will oscillate easier at higher frequencies 
due to a better matching of the plate circuit to a low-
impedance crystal loop. This fact may be proven by 

using (8), (9), and ( 10). The Butler Circuit, however, 
has the disadvantage of higher capacitances across the 
two resistors R which introduce larger phase shifts and 
make its use difficult at high frequencies. The Heegner 
circuit, on the other hand, has a better matching to a 
high-impedance crystal loop which occurs at low fre-
quencies. The CI meter is superior to the two other 
circuits in its rejection of harmonics created in the 
tubes because serious error will occur unless the har-

monics are eliminated from the substitution resistor. 
As a result of the above discussion, the CI meter is 
recommended for frequencies between 500 kc and 120 
mc, and the Heegner circuit for frequencies below 

500 kc. 

C. Equivalent Parameters 

1. Q-Meter Measurements: If the crystal is connected 
in series with the tank coil of the Q-meter, RI can be 
measured, according to George, Selby, and Scolnik,4 
either by substitution of calibrated resistors or by de-
termining the Q-degradation of the Q-meter tank in the 
usual way. This method, however, is not suitable for RI 
values higher than 10 ohms. The accuracy of the sub-
stitution method is + 2.5 per cent. 

Values of R1between 1,000 and 10,000 ohms, as well as 
values of the antiresonance resistance Rae,--X02/RieeZ. 
(as the impedance circle in Fig. 3 shows) between 5,000 
ancl 5,000,000 ohms can be measured using the same 
tuning procedure as used for measuring f,, Ra is evalu-
ated either by measuring the Q-degradation in the usual 
way (formulas are given in Q-meter instruction book) 
or better by the substitution method. The accuracy of 
the Ra measurement is + 5 per cent or better. 

2. Transmission Method: The transmission circuit 
shown in Fig. 6 may be used for measuring R1 by sub-
stituting known resistors in place of the crystal until the 
same output voltage is obtained. The remarks concern-
ing the influence of R and C upon frequency are valid 
also for resistance measurements. The error in resistance 
is given by the following expression, if the substitution 
resistor is designated by Rmibst: 

Reubet — R1 

RI 

If Co is antiresonated by a coil, RI may be measured 
with a very small error as shown by a graph in Koerner's 
paper." Thus by proper adjustment of its components, 
the transmission circuit may be designated for any 
specified accuracy of measurement. It is especially use-
ful if the crystal to be measured will not vibrate in the 
series resonance oscillator circuits due to its high re-
sistance or its high frequency. 

Series connection of the vibrator with a capacitance 
Cr in the transmission circuit yields the possibility for 
measuring the capacitance ratio r and the series ca-
pacitance CI and, if RI is known, the quality factor 
For this purpose, measurement is made of the frequency 
difference .1.1f corresponding to maximum detector read-
ings with Cr in the circuit and with CT short circuited. 

Then CI and r = Co/Ci is obtained by 

C1 = 2(C0 Cr)Af/fs. (15) 

The use of this expression presumes that the transmis-
sion circuit is dimensioned in the proper way, according 
to the formulas given by Koerner.6 

If RI is known, Q1 may be calculated from CI and RI. 

4RcoCo(RcoC — 2Ric0C0). (14) 

14 L. F. Koerner, ioc, cit., p. 24, 
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A direct routine measurement of Q1 may be obtained 
by frequency modulating the rf generator and scanning 
the resonance curve of the vibrator. If the width of the 
resonance curve Af is measured at 1/V2 the amount 
of its height, then Qi has the value 

= fa/W. (R1 + 2R)/ RI. (16) 

This method is valid only if the frequency is varied suffi-
ciently slowly as shown by Hok.0 

3. Antiresonance Method: This method, as Fig. 7 
shows, is specially suited for measurement of the equiva-
lent parameters of high frequency crystals because, in 
this case, the resistance R can be made higher than 
the maximum impedance of the vibrator?' The prin-
ciple of this method is to compare the maximum plate 
voltage e„, across the vibrator with the plate voltage 
eo across a pure capacitive load CL. Then the maxi-
mum impedance of the crystal is 

and R1 amounts to 

1 

= 
ei„1 1 

ep2 WCL 
(17) 

=   (18) ZnJ 1 _ imc2 z. 12 

where C is equal to the static capacitance Co plus the 
associated circuit capacitance CT. Equation ( 18) re-
duces to the familiar expression for the Performance 
Index (PI). 

R1 = (0.)2C2P/)-8 (19) 

provided: 

4RIVC2 « I. (20) 

The latter resembles (6) but Co is replaced by C= Co 
+ CT. Qi may be measured as in the preceding para-
graph, but no Q-degradation takes place, because 
R>>1Z„1. Cl is measured by recording the resonance 
curve of the vibrator in the circuit and then recording 
a second resonance curve when the capacitance across 
the crystal has been increased by a known amount ¿NC. 
The frequency difference Af between the two curves 
gives a measure for C1, according to 

C 
C1 = 2 — 

f, AC 

If (20) is not fulfilled, corrections' must be applied to 
(21). 

4. Self- Controlled Oscillator Circuits: The procedure 
for measurement of f, and f, outlined in paragraph 
IV-B-4 applies also to the measurement of R, and R1 
by the substitution method. A comparison by Prichard8 
between the CI meter TS-330/TSM, frequency range 
1 to 15 mc, and a general radio twin-T impedance meas-

(21) 

II G. Hok, "Response of linear resonant systems to excitation of a 
frequency varying linearly with time," Jour. Appt. Phys., vol. 19, 
no. 3, pp. 242-250; 1948. 

le E. A. Gerber, loc. cit., p. 39, fig. 5. 

uring circuit gives an agreement within 5 per cent for 
resistance values when using the built-in decade sub-
stitution resistor and within one per cent when the 
decade substitution resistor was replaced with a low-
capacitance variable resistor. For measuring CI, a ca-
pacitance CT is connected in series with the vibrator, 
(for instance as in Fig. 8) and the oscillator frequency 
change Af is measured. C1 is evaluated by using ( 15). 

5. Comparison Between the Different Methods: As has 
been pointed out in paragraph IV-B-5, the self-con-
trolled oscillator circuits are preferable for routine meas-
urements because the frequency of oscillation is con-
trolled by the vibrator itself. A comparison of these 
three circuits may be made by comparing the loop gains 
tabulated in Table II, column 2, noting the change 
resulting from variation of RI. It can be seen, as in the 
case of frequency measurements, the Heegner and Butler 
circuits are able to measure low resistances with some-
what greater accuracy due to the fact that R can be 
made low, while Ri cannot be lowered below a certain 
amount. All other remarks made regarding frequency 
measurement hold also for resistance measurements. 
Therefore, as previously stated: The CI meter is recom-
mended for R1 and C1 measurements in the frequency 
range between 500 kc and 120 mc and the Heegner cir-
cuit in the frequency range below 500 kc. Above 120 
mc, the use of the antiresonance method is recom-
mended because it requires the application of fewer 
corrections than the other methods. 

V. LABORATORY MEASURING METHODS 

As mentioned in section III, all methods which are 
not suited for routine measurements are discussed under 
the above title. Routine measurement methods rarely 
yield the highest possible accuracy but, if adapted to the 
special condition of measurement and if the proper cor-
rections are applied, all previous methods yield a de-
gree of accuracy sufficient for laboratory use. This ac-
curacy can be increased by making a larger number of 
measurements, by changing a parameter of the measur-
ing device, and plotting a dependent crystal parameter 
against it. If the frequency of the driving oscillator is 
changed, for instance, the impedance of the vibrator 
at different frequencies can be measured and the im-
pedance or admittance circle as shown in Fig. 3, can 
be plotted from which the equivalent parameters may 
be derived. George, Selby, and Scolnik4 measured PI 
in the Q-meter by the substitution method for different 
values of C= Co+ Cr and plotted it versus C on loga-
rithmic paper, thus obtaining a straight line according 
to 

1 
log PI = log — 2 log C. (22) 

co2R1 

In a similar way, the difference if between the anti-
resonance frequency corresponding to C and f, is 
plotted 

log Af = log (if. CI) — log C. (23) 
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R1and CI can be obtained with a high degree of accuracy 
from the straight lines representing (22) and (23). 

Special laboratory measuring methods which are not 
likely to be applicable for routine measurement are 
discussed in the following without separation of fre-
quency and RI, C1, Qi-measurements. 

A. Crevasse Method 

One of the oldest methods of measuring the equiva-
lent parameters of a piezoelectric vibrator is the Cre-
vasse method, first used by Cady" and later by Dye" 
in his very thorough investigation of the electric prop-
erties of the piezoelectric resonator. The circuit is 

SIGNAL 

GENERATOR Lai 

Fig. 11—Crevasse circuit. 

shown in Fig. 11. If the frequency of the signal gen-
erator is changed slightly, the current in the inductance 
1,6 and through the crystal is measured, or readings can 
be taken on a vacuum-tube voltmeter across the crystal. 
From these data, a complete resonance curve can be ob-
tained and the crystal constants can be derived. The 
latter process, however, is rather complicated. 

SIGNAL GENERATOR 

WITH CONSTANT 

VOLTAGE e 

E - 

Fig. I2—The performance index (PI) meter circuit. 

B. Performance Index (PI) Meter 

The PI is the impedance of a piezoelectric vibrator 
when shunted with a condenser CT at a frequency 
where the reactance of CT is equal to the positive 
reactance of the crystal. PI has been defined by ( 19) 
where C= Co+Cr. The PI meter circuit's. in a simpli-
fied form is shown in Fig. 12. If the signal generator 
frequency is tuned for maximum voltage E, which cor-
responds to minimum impedance of the crystal, then 
the expression for PI is, if CT«Cg: 

17 W. G. Cady, loc. cit., p. 383. 
IS R. A. Heising, "Quartz Crystals for Electrical Circuits," 

D. Van Nostrand Co., Inc., New York, N. Y., pp. 458-492; 1946. 

PI = (co2C2R1) -1 = (co'Cr2Re)' 

= (E/e)(C,C,,/Cr2g.). (24) 

Although the PI meter is designed primarily for a study 
of piezoelectric vibrators under positive reactance con-
ditions, R1 can be derived easily from (24). This equa-
tion, however is valid only if the condition (20) is ful-
filled; otherwise, corrections must be applied which 
can be found in Heising's book." Readings may be 
taken for different values of CT and straight lines be 
plotted according to (22) and (23) to increase accuracy. 

DETECTOR 

Fig. 13—Radio frequency bridge. R. is balanced by CA, X. by Cp. 

 II  

e C p 
Ge+j Be 

SIGNAL 

GENERATOR 

DETECTOR 

 "\/\/\/\.,  

Fig. I4—Twin T impedance measuring circuit. The conductance 
G. is balanced by CA, the susceptance B. by Cp 

C. Bridge Methods 

1. Schering Bridges and Twin-T Impedance Measur-
ing Circuit: Both types of circuits have been used ex-
tensively for precision measurement of the parameters 
of piezoelectric vibrators by George, Selby, and Scolnik,' 
K. S. Van Dyke," and Lynch.2° Figs. 13 and 14 show the 
schematic diagrams of a Schering type rf bridge and 
the twin-T circuit. The components of the unknown 
crystal impedance are determined from the difference 
in settings of capacitances CA and Cp with the crystal 
short-circuited (rf bridge), removed (twin-T circuit), 

" K. S. Van Dyke, Second Semi-Annual Tech. Rep. on Contract 
no. \V28-003-sc-1556, Wesleyan University, Middletown, Conn., pp. 
7-50; July 9, 1946. 

20 A. C. Lynch, "Measurement of the equivalent electrical circuit 
of a piezoelectric crystal," Proc. Phys. Soc. (London), sec. B, vol. 63, 
no. 365, pp. 323-33'1; May, 1950. 



1110 PROCEEDINGS OF THE I.R.E. September 

and the crystal connected. Table III shows the fre-
quency ranges and accuracy obtainable with two gen-
eral radio bridges according to George and collaborators, 
and with the Schering bridge, used by Lynch. 

TABLE III 

Frequency 
Range 

fr 

RF Bridge 

400 kc-60 mc 

+1.5 . 10-6 

Twin-T Circuit Schering Bridge 
(Lynch) 

460 kc-40 mc 50 kc-650 kc 

fa 

RI 

PI 

0-1000 ohms 
+0.1 ohm + 1 per 
cent 

0-1000 ohms 
+0.1 ohm + 1.5 
per cent 

+2.5 . 10-6 

1,000-18,000 
ohms 
±2.5 per cent 

0.0002-0.7 µpi 
+0.1 per cent 

According to the method adapted by Lynch, the 
susceptance jcol( of the LICIR2 branch of the equivalent 
network is measured at several frequencies around 
resonance and C1 is calculated from these measurements. 
If only two frequencies fi and f2 are used, which already 
give a good degree of approximation, C1 is given by 

2(f2 — fi) 
=   (25) 

f.(1/K2 — 1/K2) 

To increase the accuracy of measurement, Van Dyke 
made measurements at a larger number of different fre-
quencies. If the reciprocal of the square root of the con-
ductance and the reciprocal of the susceptance of the 
LICIR1 branch of the crystal are plotted vs frequency, 
straight lines should be obtained except in a very nar-
row region at series resonance. If the first curve is 
plotted in square-root-ohms vs cycles-per-second and 
has a slope S1 and the second curve in ohms vs cycles-
per-second, having a negative slope S2 then 

R1 -= (S2/51)2 

L1 = S2/4/r. 

If the curves deviate from a straight line, then holder 
losses or interfering modes are involved. Minor uniform 
curvature throughout the region of the resonance of 
interest may result from a secondary mode which is at 
some distance from the mode of interest, and may be 
corrected for by rectifying the line. 

2. Other Bridge Arrangements: Rothauge and Ham-
burger" have used a bridged T-network, as Fig. 15 
shows. The network is balanced by adjusting the two 
capacitances C and the resistance R for minimum out-
put. Then R. and L. are given by 

(26) 

n C. H. Rothauge and F. Hamburger, "Measurement of the elec-
trical characteristics of quartz crystal units by use of a bridged T-
network," PROC. I.R.E., vol. 38, no. 10, pp. 1213-1216; October, 
1950. 

R. = 1/Rw2C2 

L. = 2/w2C. 

To obtain the equivalent parameters of a vibrator, R. 
and L. are measured at different frequencies and the 
impedance or admittance circle may be drawn or con-
ductance and susceptance may be plotted as described 
in the preceding paragraph. The authors claim an 
accuracy of 0.3 per cent for L. and 2.3 per cent for R.. 
An upper frequency limit for the measurements is given 
by the circuit capacitance across R. 

ree+iviLe 

(27) 

Fig. 15—Bridged T-network. 

A differential bridge arrangement devised by Sriva-
stava," is shown in Fig. 16. By balancing the bridge 
first at a frequency other than any resonant frequency 
and rebalancing it at f„ this frequency and RI can be 
measured. Mendoussee, Goodmand and Cady," used a 
type of bridge containing two fixed capacitors and a 
variable capacitor. The vibrator is connected in the 

DIFFERENTIAL 

TRANSFORMER 

r - 

Fig. 16—Differential bridge. 

SIGNAL 

GENERATOR 

fourth arm of the bridge. The static capacitance of the 
vibrator is balanced by the variable capacitor. The 
rectified output voltage of the bridge is observed, or 
recorded graphically, while the frequency is varied over 
the resonance range. From the recording, the Q of the 
vibrator can be obtained. 

22 K. G. Srivastava, "A new and quick method for detection of 
piezoelectricity and measurement of the piezoelectric constants," 
Indian Jour. Phys., vol. 25, no. I, pp. 33-34; January, 1951. 

23 J. S. Mendoussee, P. D. Goodman and W. G. Cady, "A Ca-
pacitance Bridge for High Frequencies," Rev. S. Instr., vol. 21, 
no. 12, pp. 1002-1009; December, 1950. 
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D. Pauli's Method 

Gunther," adapting a method due to Pauli, placed 
the vibrator in a secondary circuit together with a 
variable resistance RT, as Fig. 17 shows. The ratio 
11/12 is measured at the frequency f, for different values 
of R . The plot of 11/12 versus RT yields a straight line 
which cuts off the amount of R1(1 co+ .2c02R12)-1/2 on the 

R-axis. Then r and C1 are measured by observing the 

Ft, ( i+w 2 Co2R¡)i 

Fig. 17—Method of Pauli-Günther for measuring RI and CI. 

frequency change due to an addition of CT to the cir-
cuit and by using ( 15). 

E. Decay Method 

For a direct measurement of G, the decay method 
may be used as described by Van Dyke." The vibrator 
to be measured is coupled very loosely to a signal 
generator and a radio receiver. One procedure is to tune 
the oscillator to the resonance of the crystal and then 
after the vibration of the latter has built up, suddenly 

short circuit the oscillator, leaving the vibration of the 
crystal to decay. The output of the receiver is connected 
across the vertical deflection plates of an oscilloscope, 
while the horizontal deflection is a linear sweep. The 
decay pattern is photographed and Q1 calculated from 
the measured amplitude at the known sweep rate. The 
several computed values of Qi from different portions 
of a single decay agree to within approximately 2 per 
cent. The logarithmic decrement when the crystal is 
shunted by a known resistance is a linear function of this 
resistance. Constants of the equivalent network may 
be determined from the parameters of this linear rela-

tion. 
An alternative procedure is to sweep the oscillator 

slowly through the crystal resonance, thus exciting the 
crystal and moving on so that the generator action of 

24 R. Gunther, "Die elektrischen Ersatzgrôssen von piezoelek-
trischen Kristallen und ihre Nlessung," Hochfreq. und Elelaroak., 
vol. 50, pp. 200-203; 1937. 

26 K. S. Van Dyke, Second Quart. Prog. Rep. Contract no. 
DA36-039 sc-73, Wesleyan Middletown, Conn., pp. 21, 22; 
July 1-Sept. 30, 1950. 

the deca) ing crystal heterodynes with the former 
driver at its new frequency and the heterodyne tone 
can thus be followed in the decay. The photographic 
technique is the same as before. 

F. Transmission Line Method 

Bottom and coworkers26 used a parallel wire trans-
mission-line oscillator to measure L1 and C1 in the fre-
quency range between 20 mc and 75 mc. The circuit 
diagram is shown in Fig. 18. If the shorting bar of the 
transmission line is adjusted to obtain crystal-controlled 
oscillations, then the reactance of the LI, C1, and R1 
arm of the crystal is given very nearly by 

co/ 
XI = Zo tan —‘41/(coCg Zo tan — — 1), (28) 

where Zo is the characteristic impedance of the trans-
mission line of length I, Ci is the total capacitance to 
the right of the crystal as shown in Fig. 18 including Co 
and tube and circuit capacitances, and c is the speed of 
light. Ci can be determined from the length I' of the 
transmission line which corresponds to the same fre-
quency co/27r but with the crystal removed and sub-
stituted by a capacitance equal to Co. 

MA 

Fig. 18—Transmission-line reactance meter. 

By evaluating X1 at two or more frequencies, accord-
ing to (28), it is possible, by means of simultaneous 
algebraic equations of the form 

X1 = coin — 1/(eCi (29) 

to solve for the value of L1 and C1. 
The accuracy of this method is believed to be better 

than 5 per cent. Its advantage lies in the fact that it is 
an absolute measurement, because L1 and C1 are meas-
ured in terms of length and time only. 

G. Comparison Between the Different Methods 

A method which allows one to measure the resistive 
and reactive components of a piezoelectric vibrator at 
different frequencies is the most desirable for precise 
measurements. For, as has been pointed out, the con-
sistency of the data then can be checked easily and the 
equivalent parameters evaluated by plotting a diagram 
which should have, according to theory, a simple geo-
metrical form like a circle or a straight line. Deviations 

es V. F. Bottom and others, Sixth, Seventh and Eighth Quart. 
Rep., Contract no. DA36-039 sc-66, Colorado A & M Colloge, Fort 
Collins, Col.; January, April and July, 1952. 
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from the simple diagram reveal the presence of addi-
tional parameters, such as holder losses or interfering 
modes which may otherwise be overlooked and may thus 
cause false results for the fundamental crystal param-
eters. The requirement stated at the beginning of this 
section can be met by using bridges or the Q-meter. How-
ever, null methods usually yield the higher accuracy, 
therefore, bridges are to be preferred which use ca-
pacitors only for balancing both the resistive and reac-
tive (or the conductive and susceptive) components of 
the vibrator. Therefore Schering bridges like the gen-
eral radio rf bridge and the twin-T impedance measuring 
circuit are recommended for precise laboratory measur-
ing methods. 

VI. DEPENDENCE OF EQUIVALENT PARAMETERS 

ON AMPLITUDE OF VIBRATION 

It has been assumed in the foregoing chapters that 
the equivalent parameters are independent of the ampli-
tude of vibration. But this is an approximation usually 
valid only for small amplitudes. The variation of the 
parameters with amplitude varies greatly with the 
type of vibrator. The amplitude is a function of the cur-
rent through the vibrator or a function of the voltage 
across it, and affects both the resistance and frequency 
of the vibrator and is in addition to changes due to 
internal heating. Therefore, the current or the voltage 
level used at the measurement must be specified. Addi-
tionally, the difference between the measuring fre-

quency and f. must be known, because the ratios 
amplitude/current and amplitude/voltage depend very 
much upon this difference. As has been pointed out by 
Gerber," it is advisable to use current measurements for 
specifying the amplitude if frequencies in the neighbor-
hood of f,. are involved, and voltage measurements, if 
measurements are made close to fc,. If these precautions 
are taken, the change of the mentioned voltage and 
current to amplitude relations with frequency are 
moderate and the influence of different values of RI 
upon amplitude is small. 

It is advisable, however, to use the power dissipation 

in the vibrator as a measure of amplitude, if measure-
ments are made at several different frequencies, because 
the ratio amplitude-power dissipation is independent of 
frequency. 
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Summary—Expressions are derived for error due to mismatch 
when a UHF or microwave power meter is calibrated by comparison 
with a standard power meter. Three different methods are con-
sidered: (a) alternate connection to a stable power source, (b) the use 

of a microwave junction which simultaneously supplies power to the 
uncalibrated power meter and the standard power meter in a known 
ratio, (c) alternate connection to a microwave junction. The relative 
merits of the methods are discussed. 

Expressions are derived for error due to mismatch when using a 
calibrated power meter in the following situations: (a) direct con-
nection of power meter to power source, (b) reduction of power 
into the power meter by means of an attenuator, (c) reduction of 
power into the power meter by means of a directional coupler. 

Decimal classification: R245. Original manuscript received by 
the Institute, July 9, 1952; revised manuscript received April 20, 
1953. 
t National Bureau of Standards, Washington, D. C. 

I. INTRODUCTION 

HE EFFECTS of mismatch' have been recog-
nized 2-3 but are often neglected in the calibration 
and use of ultra-high frequency (UHF) and micro-

wave power meters. Experience has shown that neglect 
of mismatch is not always justified and serious errors 
may occur. The magnitude of the error depends not 

I A uniform section of UHF or microwave transmission line or 
waveguide is said to be matched when it is terminated in such a way 
that no net reflection of energy occurs. A termination which causes a 
net reflection of energy in the uniform section is termed a mismatch. 
2 C. G. Montgomery, "Technique of Microwave Measurements," 

McGraw-Hill Book Company, New York, N. Y., p. 130, 1944. 
3 B. P. Hand and N. B. Schrock, "Power measurements from 10 

to 12,400 megacycles," Hewlett-Packard Journal V. 2, no. 7-8; 
March-April, 1951. 

1 
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only upon the degree of mismatch but also upon the 
properties of any power dividing or attenuating device 
which may be used. 

For this reason, various circuit arrangements em-
ployed in the calibration and use of UHF and micro-
wave power meters have been analyzed with regard to 
mismatch errors. Equations are given for the evalua-
tion of these errors. 

II. CALIBRATION OF POWER METERS 

A. General Discussion 

A power meter is calibrated by comparing its indi-
cated power with the power it actually absorbs. Best ac-
curacy of calibration is obtained by avoiding the use of 
secondary standards, attenuators or directional couplers 
and comparing the meter directly with a reference stand-
ard which may be a bolometric or calorimetric device. 
This may be done by alternate connection of the meter 
and the standard to a stable source or by the use of cer-
tain power splitting devices enabling simultaneous com-
parison, or by a combination of methods. Power splitting 
devices having a power ratio of unity have the ad-
vantage that geometric symmetry is possible, permitting 
precise mechanical construction which leads to a cor-
responding excellence of electrical symmetry. 
The end result of a power meter calibration is often 

a correction factor f which is used to convert the meter 
reading Rm to the power Pm absorbed by the meter 
(Pm =fRm). The correction factor f may be obtained in 
terms of observed quantities: 

Pjf = = ( PIPS Ps 
— — — = (K)— (1) 
Rm Ps Rm Rm 

where Ps represents the power absorbed by the standard 
power measuring device. In the following methods of 
calibration, the power division ratio K is normally unity 
except as affected by mismatches and by deviations 
from ideal properties of the power dividers. 

e •-\., 

ZG 
Pm 

re 
e' Z m 

rm 

Fig. 1—Alternate connection to stable source. 

B. Method 1—Alternate Connection to a Stable Power 
Source 

The power meter and the standard are alternately 
connected to a stable generator as shown in Fig. 1. The 
generator output is padded to prevent the change in 
loading from affecting its amplitude or frequency. The 
ratio of the powers absorbed by the meter and the 
standard is4-5 

4 The derivation is straightforward, remembering that Z/Zo 

6 It is evident that IC1 equals unity if I'm -= I's, a condition which 
may be recognized by a method described in "Accuracy with which 
two loads can be matched on a magic T," A. C. Macpherson and D. M. 
Kerns, Electronics, vol. 23, no. 9, p. 190; September 1950. 

PM 1 — res 2 1 1 rm  12 

K1 = 

Ps 1 — Form 1 — irsi 2 
(2) 

where rG, and I'm are the voltage reflection coeffi-
cients respectively of the generator, the standard, and 
the power meter, measured at the place of connection. 

It is convenient to measure the voltage standing-
wave ratio' (VSWR or r) corresponding to the magni-
tude of F. Assuming that the worst phase combinations 
can exist in (2). 

rm (rGrs + 1)2 K1 rm ra rs y 
 , • (3) 

rs\rG rm rs rem + 

In a specific example, if rG = 4.0, rs= 1.05, and 
rm =1.25, K1 lies between 0.84 and 1.17, a mismatch 
error between — 16 and + 17 per cent if K1 is errone-
ously taken to be unity. 
The range of error can be reduced by "matching 

back" toward the generator, making PG vanish. In this 
case, ( 2) becomes: 

1 — 11'3/ 12 rm rs + P' 2 

K1t =   

1 - 1 rS 12 rs rm + 1 • 

With r3= 1.05 and rm =1.25 as before, K1' = 0.99, and 
the mismatch error is — 1 per cent. 

Caution must be used in attempts to further reduce the 
mismatch error by matching the power meter input. If 
an adjustable transformer is used for this purpose, the 
loss in the transformer itself will cause an error which 
cannot be readily evaluated. Only transformers with 
known loss can be safely used for this purpose. 

C. Method 2—Comparison Using T-Junctions 

I. Simultaneous Comparison: The generator is con-
nected to the center arm (No. 3) of a symmetrical 
T-junction as shown in Fig. 2. The standard and the 
power meter are connected to the other two arms (arms 
1 and 2, respectively). 

S 

rs 

Fig. 2—T-junction comparison. 

(4) 

It can be shown that equal power will be delivered 
to the standard and the meter by a symmetrical T pro-
viding that their impedances are identical. A high de-
gree of symmetry can be achieved by precise mechanical 
design and construction and by special techniques, such 
as electroforming. The degree of symmetry achieved 
may in some cases exceed the accuracy with which it 
can be measured. In the general case, however, in which 
asymmetry must be taken into account, the ratio of 

6 Irl =sr— Ur-FL 
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powers absorbed by the meter and the standard is:7 

PM 
K2 = = —.7  

S23 

S13 

2 
S13 

1 — (..911 — rs 
S23 

S23 
— S12) rm 
513 

2 

(5) 

The coefficients of the form S„,,„ are the scattering co-
efficients8 of the T. These scattering coefficients are 
either voltage reflection coefficients (m=n), or voltage 
transmission coefficients (mn), and can be measure& 
with a standing-wave machine. 

It is possible to obtain the magnitudes of the coeffi-
cients in (5) from VSWR measurements and calculate 
the limits of K2 as the phases are permitted to vary. 
Assuming that the T is symmetrical and lossless, K2 lies 
between the limits: 

1 
rmrs ≥ K2 ≥  (6) 

rmrs 

Specifically; if rs= 1.05, and rm = 1.25, K2 lies between 
0.76 and 1.31, an error between — 24 and + 31 per cent. 

2. Alternate Connection to T-Junction: The generator 

is connected to the center arm (No. 3) of a T-junction 
as shown in Fig. 3. An uncalibrated power monitor is con-
nected to one arm (No. 1) and the generator output is 
adjusted to maintain a constant indication of the 
monitor. The meter and the standard are alternately 
connected to the other arm (No. 2). 

Fig. 3—Alternate connection to a Z junction. 

The ratio of powers absorbed by the meter and the 
standard from these conditions, applying (5), is 

Pif Pm PM 
K3 = 

Ps Pmo Ps 

1 

1 

1 — (522 
S23 
 S 12) Fs 
S13 

—  (S22 

— 1 rm 
- rs 

S23 
 S 12) FM 
S13 

2 

(7) 

Comparison of this equation With (5) shows that the 
effect of asymmetry of the T has been reduced by this 

7 This equation follows from the scattering equations of a three-
arm junction. 

8 C. G. Montgomery, R. H. Dicke, and E. M. Purcell, " Principles 
of Microwave Circuits," McGraw-Hill Book Company, New York, 
N. Y., pp. 146-151; 1948. 

9 See Appendix. 

method. In the case of a symmetrical lossless T, the 
limits of K3 as determined from measurements of the 
magnitudes of the coefficients are the same as the limits 
of K2, as expressed in (6), 

1 
rmrs ≥ K3 

Fig. 4—Magic T comparison. 

(8) 

D. Method 3—Comparison Using Magic T 

I. Simultaneous Comparison: The standard and the 
power meter are connected to the symmetrical arms 
(numbers 1 and 2, respectively) of a magic P° as shown 
in Fig. 4. A generator and a matched load are connected 
to the other arms (numbers 3 and 4, respectively). It 
can be shown that equal power will be delivered to the 
standard and the meter by a symmetrical magic T pro-
vided that their impedances are identical. But in the 
general case in which the asymmetry and mismatch are 
taken into account the ratio of powers absorbed by the 
meter and the standard is," 

Pm I — cd rL 2 1 — rm 12 
K4 = - I  

PS I hg — dfrem 1 — Fs 12 

where: 

= S23(1 — surs) + sip.s.3rs 
b = S13(1 — S441' L) sus34rL 

c = 534(1 — surs) + susurs 

d = S14523 Sl3S24 

f = s12534 S13S24 

g = S13(1 — S22r.4f) si2s23rm. 

(9) 

The scattering coefficients of the magic T can be meas-
ured' with a standing-wave machine or the ideal" 
values can be used if the losses in the T are sufficiently 
small, the internal matching is sufficiently good, and 
the mechanical construction is sufficiently precise. 

10 A conventional waveguide magic T may he defined as a four-
arm junction having the form shown in Fig. 4 which is symmetrical, 
lossless and matched looking in each arm. 
u This equation follows from the scattering equations of a four-

arm junction. 
is see pp. 448-449 of reference of footnote 8. 
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If the four-arm junction is an ideal magic T having 
properly chosen reference planes, Su = S22 = S33 = S44 
= 512 = 534 = 0, and S14 = S24 = S13 = S23. 

It is possible to simplify (9) in several ways. For ex-
ample, if it is assumed that the load is perfectly matched 
(rL =o) (9) reduces to (5). If in addition some of the 
properties of an ideal magic T are substituted in this 
equation (S11 = S22 = 512 =0, and j S131 = I 5231 ), it reduces 
to (4). A nomogram representing (4) is shown in Fig. 5. 
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Fig. 5-Mismatch effect in the calibration of power meters. 

2. Alternate Connection to Magic T: The generator 
and a load are connected to the symmetrical arms (num-
bers 3 and 4, respectively) of a magic T as shown in 

Fig. 6-Alternate connection to a magic T. 

Fig. 6. An uncalibrated power monitor is connected to 
arm No. 1 and the meter and standard are alternately 
connected to arm No. 2. The generator output is ad-
justed to maintain a constant indication of the monitor. 
The ratio of powers absorbed by the meter and the 
standard is: 

where: 

Pm Pm Pmo 
K5 = - = 

Ps Pmo Ps 

K - - dfrLrs 
5  

bg- dfrem 

1 - I rm 

i- 1 rs 12 

b = S13(1 - S44r) + S lea L. 

g' = S13(1 - Sur s) + 512523F8 

d = 514523 513S24 

f = 512534 - 513S24 

(10) 

g = 513(1 - S22rm) 512523r.41. 

If the load is matched (FL = 0), ( 10) reduces to ( 7). It is 
evident that the asymmetry effect is generally less in 
the alternate connection method than in the simul-
taneous comparison method. If the magic T is very 
nearly ideal, substitution of some of its properties 
(S12 = S22 = 0) into ( 7) reduces it to (4). For a perfect 
magic T, 

Pm 1 - 1 I'm rm  ± 1\2 

Ps 1 - rs t';‘f ± 
(4) 

III. DISCUSSION OF CALIBRATION METHODS 

A general discussion of all power meter calibration 
methods is beyond the scope of this paper. The methods 
described in the previous section have their advantages 
and limitations with regard to accuracy, flexibility, 
equipment requirements and speed and ease of meas-
urement. 
The alternate connection of the meter and the stand-

ard to the sanie generator is a simple and flexible method 
which can be employed with waveguide or coaxial line. 
No auxiliary power dividing equipment is required 
and the mismatch error is relatively small and can be 
easily evaluated from VSWR measurements if the gen-
erator is matched. The generator must remain stable in 
power output and frequency during the calibration and 
must be padded to prevent oscillator pulling caused by 
changes in loading. 
The use of a power divider permits simultaneous 

comparison of the meter and the standard. This re-
duces the necessity for padding the oscillator and the 
stability requirements are not as great. 

If the degree of symmetry is low, the mismatch and 
asymmetry error may be reduced by using the alternate 
connection method with a power monitor. The generator 
padding and stability requirements are increased and it 
is necessary to provide a smoothly adjustable generator 
output. 

Symmetrical three-arm T's are commercially avail-
able in waveguide and coaxial line. Because of the center 
conductor, the coaxial T involves additional difficulties 
of construction not encountered in the waveguide T. 
The mismatch error can be evaluated from measure-
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ments of the parameters of the T. The range of mis-
match error, even with a perfect T, is greater than that 
obtained by alternate connection of the meter and the 
standard to a matched generator. 
Symmetrical waveguide magic T's are commercially 

available but magic T's or hybrid circuits in coaxial line 
are not readily obtainable. Carefully constructed wave-
guide magic T's make excellent power dividers for power 
meter calibration, permitting simultaneous comparison 
with no more mismatch error than is encountered with 
alternate connection to a matched generator. If asym-
metry is appreciable, it can be determined from meas-
urements of the T parameters. 
The effect of asymmetry can be reduced by using the 

alternate connection method with a power monitor. 
A magic T can also be used to accurately compare 

two impedances.' If one impedance is adjustable, the 
two can be made equal. Applying this principle to power 
meter calibration, the impedances of the meter and the 
standard can sometimes be made nearly equal, per-
mitting a reduction in the mismatch error. 

IV. USE OF POWER METERS 

A. General Remarks 

If the power to be measured is within the range of the 
power meter, a direct measurement can be made. If the 
power is greater, a calibrated device such as an attenu-
ator or directional coupler is used in such a way that a 
known fraction of the power is measured by the power 
meter. 

B. Direct Measurement 

In the direct measurement of the power that a given 
generator will deliver to a given load, the power meter is 
simply substituted for the load. This is the same situa-
tion encountered in the alternate connection of two 
power meters to a stable source. If the meter and the 
load are nearly matched, it is often erroneously assumed 
that the power measured by the meter is the same as 
that delivered to the load. Assuming that the generator 
is well padded, the ratio of powers absorbed by the load 
and the power meter is given by (2) with an appropriate 
change in subscripts 

PL Il - rGr, r (11) 1 - I'Ll2  
Kg = = 

Pm Ii — FGPLI i-J rm 12 

In this expression the reflection coefficients of the gen-
erator, meter, and load are designated as PG, Pm, and PL, 
respectively. If the power meter reading is assumed to 
be correct, it is multiplied by the factor Kg to obtain the 
power that the generator will deliver to the load. It is 
apparent that ( 11) and (2) are of the same form and 
that the limits of Kg are: 

rL ro rm y (rem + ly  
(12) Kg . 

rm \rGrz, + 1 rm rG 

In a specific example, taking ro =4.0, rm = 1.05, and 
= 1.25, Kg lies between 0.84 and 1.17, a mismatch 

error of between — 16 and + 17 per cent. 
If the generator is matched, the mismatch error in the 

previous example is approximately — 1 per cent. 

C. Use of Calibrated Attenuator 

If a calibrated attenuator is used to extend the range 
of power meter as shown in Fig. 7, the measured power is 
normally multiplied by the attenuator ratio to obtain 
the power available to the load. If the error of mismatch 

Z G 

r e 

p' 

CALIBRATED 

ATTENUATOR 

Fig. 7—Use of calibrated attenuator. 

is taken into account, the previous result is multiplied 
by a correction factor K7 to obtain the power delivered 
to the load when it is connected directly to the gen-
erator. The factor K7 is given by:" 

1 PL 1— re', 2 1%12 
K7= = (1 522rm) (13) 

PMRA reL 1-1 FM 12  
In ( 13) the reflection coefficients of the generator, load, 
and meter are denoted by PO, I', and Pm, respectively. 
The scattering coefficients of the attenuator are denoted 
by S.,,„ and Ill represent the input voltage reflection 
coefficient of the attenuator with its output connected 
to the power meter. From the scattering equations for a 
two terminal-pair network, 

sii2rm  
ri = + 

1 — 522I'm 

and the attenuation in decibels is: 

2 

AT = 10 10 g10 RA = 10 logio 
.3 12 

If only the VSWR's are measured corresponding to 
the reflection coefficients of ( 13), the limits of K7 are: 

rL (' ni + 1)(r22rm + 1)  2 

r.11 [(ro rL)(r22 

(14) 

4 
1)(ri + 1) 

K7 ≥ 4  1 
(ro ri)(r22 rm) 2 

(15) 

rL [ 
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If desired, the error may be evaluated by measuring 
the reflection coefficients appearing in ( 13). The meas-
ured value of F1 may be checked by measuring the scat-
tering coefficients of the attenuator and substituting in 
(14). Inspection of ( 14) and ( 15) shows that ri ap-
proximately equals Su if the attenuation is large. 

If the attenuator is reflection-free (Sit = S22= 0) ( 13) 
reduces to: 

K71 = 
1 - re' 
1 — rarc 

and (14) reduces to: 

2 1 - 1 ri.12  
1 - 1 rm12 

11 = ) 12 1tí. 

(16) 

(17) 

In a specific example, taking 7.0=2.0, rv = 1.20, r L=1.1, 
and rl = 1.019 ( 10 db attenuator), K7' lies between 0.970 
and 1.046, a mismatch error between —3 and +5 per 
cent. 

If the generator is matched (rG= 0), ( 16) reduces to: 

K7" = 
1 - 1 PO (rm + 1\2. 

1 — I I'm 12 rm \ + 11 
(18) 

Assuming that = l.1 and TM =l.20, K7" equals 1.007, 
representing a mismatch error of less than 1 per cent. 

D. Use of Directional Couplers 

1. A directional coupler is often used to extend the 
range of power meters as shown in Figs. 8 and 9. In Fig. 
8, the coupler is temporarily inserted between the gen-
erator and load and the power is measured with a power 

Fig. 8—Temporary insertion of directional coupler. 

meter. The measured power is normally multiplied by 
the coupler ratio to obtain the power available to the 
load. If the effect of mismatch is taken into account, the 
previous result is multiplied by a correction factor Kg 
to obtain the power delivered to the load when it is con-
nected directly to the generator. The factor Kg is given 
by:" 

Kg = 
PL 

PMKCe 

1 - ron 
1 - rGri, 

2 

IS13 12 

15.12(1 S3.3rM) S13523rM 2 1 12  
.923(ri - Su) + si2si, 1 - 1 rm 12 

(19) 

In ( 19) the reflection coefficients of the generator, meter, 
and load are denoted by r., rm, and rL, respectively. 
The input reflection coefficient of the directional coupler 

14 The derivation of this equation is straightforward, starting from 
the scattering equations of a three-arm junction. 

connected as shown in Fig. 8 is r,. The scattering coeffi-
cients of the coupler are designated by S„,... The cou-
pling C, and directivity D, are defined in the usual 
manner: 

C = 10 log'', Ro = 10 logo 

D = 10 logio 
S13 
S23 

2 

1 
S13 

2 

(20) 

It can be shown by a solut'on of the scattering equations 
for a three-arm junction that the reflection coefficient Ill 
is: 

n=sii+ sio-sieL)+sieeL s23,m 
sii(1-siirm)±.913•523r 

(21) 

(1 - 522rL) 

sii2rm 
Si2( 1 —S33r3f)+S13S23r3f 

(1 -siirm)  siirL 
sio-s.rL)+si2s2sri. 

If the directional coupler can be considered to be per-
fect, having infinite directivity (S23 =0) and being re-
flection-free (Sn=Sn= S22= 0), the above equations 
simplify, (21) reducing to: 

ri' = sii + si22rL + si.2rm (22) 

and ( 19) reducing to ( 16). If in addition the generator is 
matched (1'0=0) (18) applies. 

Z m 

Fig. 9—Permanent installation of directional coupler. 

2. A directional coupler is often permanently in-
stalled between the generator and the load as shown in 
Fig. 9. The power delivered to the load is normally ob-
tained by multiplying the power meter reading by the 
coupler ratio. If mismatch is present, it is necessary to 
multiply this result by a correction factor Kg. This factor 
is given by:" 

PL 
Ks= 

PMKCO 

1 su 12 
.512(1-3•33rm)+si3s23rm 2 
sii(1-s22rL)+si,s23rLI 

1-I 1'1.12  
(23) 

1— I rm 12 

Note that Kg = 1 when I FLI = I rml =0, and I 5121 = 1. If 
the directional coupler can be considered to be perfect 
(Sn = S22 = ..333 = S23 = 0) and the coupling is loose (S12= 1), 
(23) reduces to ( 18). 

111 The derivation is similar to that for ( 19). 
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In a specific example let rz, = 1.5 and TM = 1.25. A I SPq1 2 = — I S 121 
(24) 

directional coupler is used having a directivity of 25 
7 pg (es + 7,1g). 

decibels, a coupling of 20 decibels and reflections in each 
arm producing a VSWR less than 1.1. Assuming the 

A short derivation follows: 
worst phase conditions the limits of error calculated If A and B denote the incident and reflected voltage 
from (23) are approximately — 8 and +2 per cent. 

waves at a pair of terminals p and g, 
If the directional coupler is assumed to be perfect in 

the same example, the error calculated from ( 18) is ap- IB, = S„A p+S„A, 
proximately — 3 per cent. (25) 

1B, = S„A p+ S„A„. If these examples can be considered typical, it is evi-
dent that the simplified equation cannot be used to Let 
evaluate the mismatch error unless the directional 
coupler is very nearly perfect and the degree of mis-
match is small. B, 
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APPENDIX 

Measurement of Scattering Coefficients 

A network having n-terminal pairs and a scattering 
matrix S is shown in Fig. 10. The scattering coefficients 

s 

and: 

A, Sp, 
=   

A p e-o — S„ 

Bp A, 
= = S99 + Sp, = 

A, A p 

S„2 

(26) 

(27) 

A variation of O represents a change in the reactance 

sll connected to terminal pair g. As shown in Fig. 12, the 
magnitude of the vector quantity (P, S99) goes 

s12 through maximum and minimum values as O changes. 

Fig. 10—Network having n-terminal pairs. 

are of the general form S,,, where p and g are integers, 
each denoting a given terminal pair. 

If p = = K , the voltage reflection coefficient SKK is 
measured at the ICI' terminal pair with all other ter-
minal pairs connected to reflection-free loads. 

Fig. 11—Reflection coefficient circle. 

If the voltage transmission coefficient Sp, is 
measured in the following way. The qth terminal pair is 
connected to a variable reactance. All other terminal 
pairs with the exception of the pth pair are connected 
to reflection- free loads. The input reflection coefficient 

is measured for various reactances at g. The locus of 
the measured points is a circle as shown in Fig. 11. The 
magnitude and phase of 4, are: 

Fig. 12—Translated reflection coefficient circle. 

At these points M and in, 

— S99)m = 

(r, Spp)m = 

I„1 2 
ei(2?pg— Iqq) 

1 —* Sq,I 

S 95 12 • 
  e/(21'pq- 7qq± r) 

1 ± Sqq 

The radius of the circle is: 

R 
1  12 I S 2 in 1 

2 L1-141 + 1 -FISqq1-1— 

s I 2  

1 - Is.. I 

(28) 

(29) 

(30) 
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The distance to the center of the circle is: 

1 r  s„12 is„p  
2 Ll—IS„1 1 ±I.S„ IJ Rc = 

I SP.71 2  

— 1 s 
I S„I = R1 5„1. 

„I2 

in three different loads having voltage reflection coeffi-
cients ri,„ rLy and FL,, and measuring the correspond-
ing input voltage reflection coefficients Fi, r2, and r3 at 
terminal pair p with all other terminal pairs terminated 
in matched loads. 

(31) Solving the three equations for input voltage reflec-
tion coefficient of the form 

Denoting the phase angle (2-y„--y„) by 0, the diagram 
of Fig. 11 can be drawn. 
An alternate method of measuring the scattering co-

efficients of an n-terminal pair network is as follows. 
Referring to Fig. 10, the scattering coefficients S„, S„, the following expressions are obtained for the scattering 
and S„ are determined by terminating terminal pair q coefficients. 

2 
s„ri,  

= S„ 
1 — s„r 

rLir,,r3(ri — 1'2) + FL2rLari(F2 — r,) + rL3FL,F2(r3 — 1'0 
„ s = 

rLirL2(ri — r2) + rL,r/.3(F2 — F3) + rL3FL,(r3 — ri) 

rLi(r2 — 1'2) + r/.2(r. — ri) + rL3(ri — r2) 
s„ = 

S P,12 

rLirL2(ri — 1.'2) + rL2rL3(F2 — F3) + rL3rL1(r3 — 

(ri — r2)(r2 — r3)(r3 — ri)(FL, — r/.2)(rL„ — ri,,)(rL3 — FL,) 
— r2) + FL,FL3(F2 — r3) + rL3FL,(r3 — 2 

(32) 

(33) 

(34) 

(35) 

The Phase-Bistable Transistor Circuit* 
R. H. BAKER, MEMBER, IRE, IRWIN L. LEBOW, ROBERT H. REDIKER, AND I. S. REEpt 

Summary—A synchronized transistor switching circuit has been 
designed for use in computer applications. The circuit is phase bi-
stable rather than amplitude bistable. The basic unit of the circuit 
is a commutating ring which is operated by clock pulses and which 
is sampled at one-half the repetition rate of the clock. An input pulse 
changes the phase of the ring with respect to the sample pulses. This 
is analogous to a change in the output amplitude of a conventional 
amplitude bistable device caused by introduction of an input pulse. 
The basic transistor circuit used is the one-shot multivibrator. The 
latter device has proved to be more reliable than any amplitude-
bistable transistor circuit. 

In section I are presented some features of a transistor switching 
circuit. Section II contains a simplified description of the phase-
bistable circuit and its mode of operation. In section III is described 
the transistor circuitry, while in section IV some general applications 
to digital computers are discussed. 

I. INTRODUCTION 

/
N THE DESIGN of transistor switching circuits one 
encounters certain difficulties which severely limit 
the apparent versatility of the point-contact tran-

sistor. If we connect the transistor in the circuit of Fig. 
1(a), we obtain the familiar bilateral characteristic of 

* Decimal classification: R282.12. Original manuscript received 
by the Institute, February 13, 1953. (The research reported herein 
was supported jointly by the Army, Navy and Air Force under 
contract with the Massachusetts Institute of Technobgy.) 
1. Massachusetts Institute of Technology, Cambridge, Mass. 

Fig. 1(b). Such a circuit may be made astable, mono-
stable, or bistable by proper selection of the input load-
line parameters, R. and V. Using the astable connec-
tion, we may design free-running multivibrators; with 

Re-

V tle 

r--, 

I al bl 

Fig. 1—Point contact transistor circuit and bilateral 
characteristic. 

the monostable connection we may design regenerative 
pulse amplifiers and one-shot multivibrators; and with 
the bistable circuit it is possible to design flip-flops. Be-
cause of the "hole-storage" phenomenon,' the trigger 
pulse necessary to switch the circuit from its conducting 
state (point "a" of Fig. lb) to its non-conducting state 
(point "b") must be relatively wide. For most available 

R. H. Baker, I. L. Lebow, and R. H. Rediker, to be published. 
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transistors, such as Western Electric type 1698, if point 
"a" is more than one volt from the valley point, point 
"c," pulses greater than 1 µsec in duration must be used. 
Since the valley-point voltage can only be stabilized to 
within 1 volt it must be concluded that the design of 
bistable circuits to operate at frequencies much above 
the kilocycle range is most difficult with the transistors 
presently available.2 
We are thus led, at present, to the use of monostable 

and astable circuits, neither of which require external 
trigger pulses for switching from conducting to non-
conducting states. A further advantage of these circuits 
over the bistable circuit is their relative independence 
upon being loaded. The effect of loading upon the input 
characteristic in Fig. 1(b) is to alter the shape of the 
curve in the positive current region while not affecting 
the negative current region. Hence, loading will alter 
the requirements for triggering "off" while not disturb-
ing the requirements for triggering "on." It is evident 
from the above discussion that loading a bistable circuit 
may inhibit operation. Loading monostable or astable 
circuits may change the output pulse shape to some ex-
tent but will not, in general, seriously affect the circuit 
operation. 
The phase-bistable circuit to be described in this 

paper is based upon a transistor one-shot multivibrator. 
In section I 1 we describe the basic logic of the phase-
bistable circuit. In section III we present the transistor 
circuitry employed in the device, together with a more 
complete description of the logic. Finally, in section IV 
some general computer principles, as applied to phase-
bistable devices, are discussed. 

II. THE PHASE-BISTABLE CIRCUIT 

We present here the operation method of the phase-
bistable circuit. The heart of the circuit is a commutat-
ing ring operated by a fixed-frequency clock. We show 
the block diagram of the commutating ring together 
with the sequence of operations in Fig. 2. The operation 

CLOCK IN 

RESET — AL I 
1 CLOC K 111111  

sou, _L  I  

I  B OUT 
T.. ‘. —••• 

lb) 

Fig. 2—Block diagram of the commutating ring and the 
sequence of operations. 

of the circuit is as follows. Both A and B are sufficiently 
biased off to prevent the clock from firing either stage. 

O R. H. Baker, I. L. Lebow, and R. H. Rediker, "A transistor 
switching circuit with stabilized valley point," Tech. .11(mo. Lincoln 
Lab., Mass. Inst. Tech., July 22, 11)52. This limitation does not 
apply to the more recently developed nonsaturating bistable circuits. 
For example, see A. W. Carlson, "A Transistor Flip-Flop With Two 
Stable Non-Saturated States," A. F. Cambridge Research Center 
Report; Dec. 1952. 

A reset pulse is then applied to A in such a manner that 
enough bias is removed to allow the clock to trigger A. 
When A is triggered two things occur; first, the output 
pulse from A is applied to B and stored in B, allowing 
the second clock pulse to trigger B. Second, A is re-
turned to its original biased state, preventing it from 
being triggered by the second clock pulse. Similarly, 
when B is triggered the output of B is stored in A while 
B reverts to its biased state so that the third clock pulse 
will trigger A and not B. 

In order to sample the states of A and B, we observe 
the respective outputs with respect to a fixed-time base. 
The method of sampling is shown in the block diagram 
and timing diagram of Fig. 3. Here we show, in addi-
tion to the commutating ring, A and B, a sample pulse 
generator, and two gates, GA and G . The sample pulse 
generator is simply a commutating ring, the output 
from one stage of which is a series of pulses at a repeti-
tion rate of one-half that of the clock generator. The 
reset pulse is applied simultaneously to As and A so 
that S and A are triggered by the same clock pulse. We 

CLOCK IN to t, 12 13 1,00 6 17 te le rio t. 

  CLOCK 111111111111  
A-1--1  1 1 1 1  

1 1 1 1 1 1  

A s  1 1 1 1 1 1  

1 1 1 1 1 1  

SAMPLE PULSE 
GENERATOR 

GA AS 

13 

GiBS 

GA 

(o) (b) 

Fig. 3—Block and timing diagram showing method of sampling 
the states of A and B. 

then gate the output of S with both A and B and ob-
serve a series of pulses at GA and none at GB. These out-
puts of the gates, GA and GB, represent the states of the 
system. According to the timing diagram of Fig. 3, we 
observe "ones" at GA and "zeros" at GB. Hence, we ob-
serve the state of the ring A-B by comparing its phase 
with that of the sample pulses. 

If we inhibit one of the clock pulses going into the 
ring A-B we change the phase of A-B with respect to S. 
To prevent interference with the sampling procedure 
we always inhibit clock pulses not associated with sam-
ple pulses. The method by which count pulses occur-
ring at random intervals accomplish this is shown in 
Fig. 4. The count pulse is synchronized to the clock by 
quantizing it to the output of Bs. Thus, in the timing 
diagram of Fig. 4 we see that a count pulse occurring 
between 14 and to is quantized to the succeeding pulse 
from Bs which occurs at time t6. This quantized count 
pulse inhibits the clock pulse occurring at 16 and delays 
the triggering of B by one time interval. If we now ob-
serve the outputs of the gates GA and GB, we see that 
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(4) 

following the inhibited clock pulse, GA exhibits "zeros" 
while GB exhibits "ones." In the same fashion a second 
count pulse will switch the ring A-B to its original 
phase, causing GA to read "ones" and GB to read "zeros." 
The dotted lines appearing on the time scale of GA and 
GB in Fig. 4 represent the integrated outputs at the 
gates. It is evident that these correspond to the outputs 
of a conventional amplitude-bistable counter. 

CLOCK 

As 

Bs 

COUNT 

C,  1 1 

CLOCK 
1 NM 

A 

t2 t3 (.11 t5 'T t8 (9 tic) ;2'13 

1 1 1 1 1 1 1 1 1 1 1 1 1  

I I 11111 

I I..L  t  

GB, 

G8 

11111 11111 I  

III II I  

101 
Fig. 4—Method of inhibiting clock pulses accomplished by count 

pulses occurring at random intervals. 

As is demonstrated in section IV, the phase-bistable 
circuit may be employed as a general parallel counter. 
The maximum rate at which data may be processed is 
that of the sample pulses or one-half the clock frequency. 

III. THE PHASE-BISTABLE CIRCUIT USING 
TRANSISTORS 

A. Transistor Circuitry 

1. The One-Shot Multivibrator. The basic transistor 
circuit used in each of the blocks in Fig. 4 is the one-shot 
multivibrator. In Fig. 5 we show the circuit diagram. 
The circuit of Fig. 5 is essentially that of Fig. 1 with a 
monostable load line. The discharge capacitor is con-
nected between emitter and ground in series with a di-
ode to maintain a high impedance input. Base stabiliza-
tion has been employed to stabilize the triggering re-
quirements. The output pulse widths obtained are 0.5-1 
µsec. 

INPUT 

+8V 

Fig. 5—Circuit diagram of the one-shot multivibrator. 

2. The Commutating Ring. In Fig. 6(a) we show the 
circuit of the commutating ring. Both of the units are 
one-shot multivibrators similar to that of Fig. 5, except 
that triggering is accomplished by applying negative 
pulses to the base rather than positive pulses to the 

emitter. Both emitters are biased sufficiently negative 
so that the clock pulses are incapable of triggering 
either stage. If, however, a positive reset pulse is ap-
plied, storage capacitor CA becomes charged and the 
bias on stage A is effectively reduced. The succeeding 
clock pulse will then trigger stage A. When A is trig-
gered, capacitor CA becomes discharged, returning stage 
A to its original highly biased state. At the same time, 
the output pulse from A is applied to the storage ca-
pacitor of stage B. Hence, the next clock pulse will trig-
ger stage B, CB will be discharged, and CA charged. Suc-
ceeding clock pulses will alternately trigger stages A 
and B. 

RESET 

1500 

.01 

-I2V 

CLOCK PULSES 

10K 10K 

Ce 
I20µµ 

TC, 
510µµ 

100 K 

*8 - 45 

Fig. 6a—Circuit diagram of the commutating ring. 

The detailed operation of the circuit is as follows, with 
reference to Fig. 6(b). Before application of the reset 
pulse both points e and s are at about — 10 volts. A re-
set pulse then charges capacitor CA, resulting in points 
e and s rising to about —3 volts. The LI( xt clock pulse 
triggers stage A, and its emitter voltage drops to about 
—13 volts in about 0.5 µsec when the transistor switches 
off. During this time, point s drops to about — 8 volts. 

VA 

V. 

V' 

CLOCK 4.---2pa SEC 2 µSEC 2 pa SEC 

_F\ 11/ 1\  

 f  

o 

- - 5 

— - 10 
- - 12 

— - 15 

O 

— - 5 

— -10 
— - 12 

— -15 

- 20 

— 10 

O 

Fig. 6b—De ailed operation of the commutating-ring circuit. 

The emitter then rises with a time constant of 1.2 µsec 
(12012µ X 10K) until it reaches the voltage of point s 

8 volts). This latter voltage remains essentially 
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constant since the time constant at which CA discharges 
is --- 25 µsec; this is considerably greater than the period 
of the clock pulses (2 µsec). The second clock pulse is 
unable to overcome the bias on stage A but triggers 
stage B, the bias of which having been reduced by the 
output pulse from stage A. 

3. The Quantizer. The quantizer circuit is identical to 
that of a single stage of the commutating ring. The pulse 
to be quantized is applied to the storage input while the 
quantizing pulses are applied to the base. Hence, refer-
ring to Fig. 4, there will be an output pulse from the 
quantizer at the time of a quantizing pulse immediately 
following a count pulse. 

4. The Inhibitor. In Fig. 7 we show the inhibitor cir-
cuit. Again, the basic one-shot multivibrator is used. 
Clock pulses are applied to the emitter while the inhibit 
pulses are applied to the base. In the absence of an in-
hibit pulse, the clock pulses trigger the multivibrator. 
An inhibit pulse will raise the base potential to a value 
high enough to prevent the clock pulse from triggering 

700µµ 

CLOCK — I 

47 K 

120»» 

—4 5 

_111114 
PULSE 

30up 

+8 

3K 

— 48 ' 

Fig. 7—The inhibitor circuit. 

OUTPUT 

—Y -8— NrY 

the circuit. Since we are dealing with a synchronous sys-
tem the inhibit pulses are easily quantized and made of 
sufficient duration to completely cover the clock pulses. 
This insures positive inhibitor action. 

5. The Gate. The gate is a conventional diode "and" 
gate the output of which is applied to a basic one-shot 
multivibrator used as a buffer stage. 

B. A Two-Stage Binary Counter 

In this section we combine the logic of section II with 
the circuitry of section I IIA to construct a two-stage 
binary counter operating at a clock frequency of 500 kc, 
and hence, with a maximum operating frequency of 250 
kc. In Fig. 8 we show the block diagram, and in Fig. 9 
the timing sequence. The difference between the first 
stage of Fig. 8 and the circuit of Fig. 4 is the method of 
quantizing the count pulses. In Fig. 4 the count pulses 
are quantized to the complement of the sample pulses. 
This is satisfactory from the logical point of view, but 

impractical since it requires inhibition of a given clock 
pulse by a pulse which is created by the identical clock 
pulse. To obviate this difficulty we use the method of 
Fig. 8. The sample pulses themselves (not their comple-
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Fig. 8—Block diagram of the two-stage binary counter. 

ment) are delayed by 1.50 µsec and used to quantize the 
count pulses. Hence, as we see from Fig. 9, the quantized 
count pulses begin 1.5 µsec after the clock pulses which 
formed them and end about 1 µsec later. Thus the 
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a(t) 

pi ti • Pi ti•t P i ti •3 P i • ti •4 i • 4 i • 5 

I 

elf r 111 

or(t). et • a) #(1) 

n  
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n nnnn I- 1 

n n n n 

n n n 
Fig. 9—The tinting sequence of the two-stage binary counter. 

quantized clock pulse covers the time of the sample pulses 
complement. This assures positive inhibitor action in 
the same time sequence as is shown in Fig. 4. 
While every count pulse is applied to the inhibitor of 

the first stage, only alternate count pulses are applied 
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to the inhibitor of the second stage, as is required in a 
binary counter. As shown in Fig. 8, this is accomplished 
in the quantizer of the second stage. A count pulse will 
be applied to the second inhibitor only if pulses are 
present at the B1 gate output. Since the B1 gate output 
exhibits pulses only after alternate count pulses, the de-
sired result is obtained. 
As is seen in Fig. 8, a single counter stage consists of 

a commutating ring, two gates, an inhibitor, and a quan-
tizer, each of which uses one transistor, making a total 
of six transistors per stage. The requirements on the 
transistors are quite small. Virtually any transistor hav-
ing an a of 2, or greater, and a collector reverse resist-
ance of 25K, or greater, is acceptable. The maximum 
operating frequencies (sample pulse frequencies) are 1 
mc and 4 mc for transistor types 1698 and 1734, respec-
tively. 

IV. THE LOGICAL NATURE OF THE PHASE-
BISTABLE CIRCUIT AND ITS APPLICATION 

TO DIGITAL COMPUTORS 

The phase-bistable flip-flop, as described in the pre-
vious sections, can be used to replace the amplitude-
bistable flip-flop in synchronous digital computers. To 
show this fact it is necessary to verify that, after proper 
symbolic interpretation of the inputs and outputs of the 
phase-bistable flip-flop and associated circuits, this de-
vice may be utilized to store one of the two symbols, 0 
and I, and its complement. Moreover, it is necessary 
that the state of the device may be changed as a func-
tion of its own and other states in synchronization with 
the phase-bistable flip-flop. For the purpose of general-
ity, the specialized logic and notation described in the 
previous sections will not necessarily be adhered to. 
From the standpoint of the symbolic action of the 

phase-bistable flip-flop, all pertinent voltage inputs and 
outputs may be regarded as having only two levels. 
Suppose the high level is denoted by I and the low level 
by 0; then each voltage under consideration is a two-
valued or Boolean function F(t) of the real parameter 
time, t. 

TABLE I 

F(1) F(1)+G(t) F(t)G(t) 

o 
o 

o o 
o 
o 

F(1) pG(t) 

o 

o 

Table I defines a unary and three binary operations 
of the Boolean functions, F(1) and G(t). In the terminol-
ogy of logic or computing machinery, the product opera-
tion may be termed the "and," or gating operation; the 
sum + is the "or," or mixing operation; and the sum ED is 
the exclusive "or," or binary sum operation. The prime 

stands for negation or complementation. It may be 
shown that these operations are related to one another 
by the following identities: 

F-I-G=FIEDGEDFG 

F' + G = F'G -I- FG' 

F' = F ED I and 

FEDF--- O. 

(1) 

Electronically, the gating and mixing operations be-
tween Boolean functions may be performed by many 
well-known methods, utilizing unidirectional current 
elements. 

put) 

Fig. 10—Block diagram of the phase-bistable flip-flop. 

Fig. 10 is a block diagram of the phase-bistable flip-
flop with its pertinent inputs and outputs. Circles in the 
figure with a dot denote "and" gates and the circles with 
plus signs denote mixers, or "or" gates. Fig. 11 illustrates 
the timing diagram of the various inputs and outputs of 
the phase-bistable flip-flop. 
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Fig. 11—Timing diagram of various inputs and outputs of the 
phase-bistable flip-flops. 

The pulse function p(t) is composed of read pulses at 
the discrete times 15, and the pulse function ck(t) is com-
posed of write pulses at the intermediate discrete times 
pi. The rectangular wave input function a(t) consists of 
a train of pulses of width e with leading edges only at 
the times tiand p;(j=0, 1, 2, • • • ). The pertinent infor-
mation delivered by a(1) occurs only within the time 
intervals [15, 15+E or, more particularly, at the discrete 
time t5 since a(t)=a(15) for t in the left closed interval 

[ti, e• 
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The function a(t) is delayed or translated by the time 
cr in such a manner that the time points t; are contained 
in the intervals (4-1-Œ, E+o). In other words, the in-
formation pulses in the delayed input function a(t-Fcr) 
overlap the nearest write pulses of et). 
The pulse function a(t) is the product of a(t-I-(7) and 

(t). An information pulse in a(t+cr) allows a write 
pulse in a(t) and the lack of an information pulse inhib-
its a write pulse to appear in a(1). In other words, if 
a(ti)= I, a write pulse occurs in a(t) at time ph and if 
a(t;) =0, no write pulse occurs in a(t) at time pi. 
The pulse function ac(t) is a(t) mixed with the read 

pulse function p(t), or 

Mt) = a(t) p(1). 

The action of a(t) on the phase-bistable circuit is illus-
trated in Figs. 10 and 11. It is evident from Fig. 11 
that if the time point t is in the interval [4, ti+e), that 

A1(0 = A'(t) 

or, more particularly, at the discrete times ti, 

A1(4) = A'(15)• (2) 

The state of the output of the phase-bistable flip-flop in 
the intervals [ti, ti+E) is the pertinent state of the flip-
flop, that is, the information to be read or to be used to 
control other phase-bistable flip-flops or itself. The ac-
tion of the phase-bistable flip-flop at the pertinent dis-
crete times ti in terms of the input function is given in 
Table II. 

TABLE II 

A (11) A (1,+i) 

o 
o 

o 

o 
o 
o 

By Table II and (2), one obtains 

A(1 +i) = A(ti)a(t.i) A'(€i)cl'(ii) 

= A(t') e a'(11) (3) 

as the time difference equation for the output function 
of the phase-bistable flip-flop in terms of the input func-
tion a(t) at the discrete times ti. By ( 1) equation (3) may 
be solved for a(ti), obtaining 

a'(11) = A(ti+i) e A(ti) = 
a(t,) = ([141(4))'. 

Equation (3) with initial condition A (to) may be called 
the change equation of the phase-bistable flip-flop at the 
discrete times ti. 
To illustrate a synthesis of computers using the phase-

bistable flip-flop and its change equation (4), consider 
Table III, the table of desired operations for a clock 
counter having a cycle of three. 

or 
(4) 

TABLE III 

.4 (ii) B(11) A(1 i i) B(ti4.1) .AA (ti) ed3(ti) 

o o o o 
o I I o 

o o o I o 
o o 

From the table and the rules of Boolean algebra, 

AA(ti) A(ti) B(ti) 

AB(4) = A'(11) -I- B(11). 

From (2) and (5) the necessary inputs to two phase-bi-
stable flip-flops to accomplish this purpose are 

a(t) = Ai(t)131(1) 

b(t) = A(1)131(1). 

The block diagram illustrating the design of this counter 
with respect to (6), is given in Fig. 12 where the large rec-
tangles are assumed to contain everything in Fig. 10 ex-
cept inputs and outputs. It should be noted that the out-
put gates shown in Fig. 8 are only necessary in this 
counter when it is desirable to read the contents of the 
counter. 

Alt) AIM 

A it)1 

a 

all) 

Bill El. (I) 

bit) 

(5) 

(6) 

Fig. 12—Block diagram of a clock-counter design having a cycle 
of three. 

From this example and the preceding analysis, it is 
evident that a large-scale digital computer may be con-
structed which utilizes only phase-bistable flip-flops as 
its bistable elements. This is true in particular due to 
the fact (6) is closely related to the change equation of 
the usual one-input vacuum tube flip-flop at its dis-
crete change times ti. This problem is discussed else-
where.3-8 

3 Garrett Birkhoff, "Lattice Theory," Am. Math. Society Coll. 
Pub.; 1948. 

4 I. S. Reed, "Some Mathematical Remarks on the Boolean 
Machine," Tech. Report Lincon Lab., Mass. Inst. Tech.; December 
19, 1951. 

6 I. S. Reed, " Boolean Function of a Real Variable and its Appli-
cation to a Model of the Digital Computer and Discrete Prob-
ability" (forthcoming Lincoln Lab. Report, Mass. Inst. Tech.). 

6 R. E. Sprague, "Techniques in the Design of Digital Coin-
puters," Assn. of Computing Machinery; March, 1951. 

7 R. C. Jeffrey and I. S. Reed, "The Use of Boolean Algebra in 
Logical Design," Engineering Note E-458-1, Digital Computer Lab., 
Mass. Inst. Tech.; April 28, 1952. 

8 R. C. Jeffrey and I. S. Reed, " Design of a Digital Computer by 
Boolean Algrebra," Engineering Note E-462, Digital Computer 
Lab., Mass. Inst. Tech.; May 20, 1952. 
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Transient Analysis of Junction Transistor Amplifiers* 
W . F. CHOW AND J. J. 

Summary—An analysis of the transient response of transistor 
amplifiers necessitates the consideration of transit-time effects. 
Transit-time phenomena may be represented by a transmission line 
in the equivalent circuit of a transistor. However, such an equivalent 
circuit would lead to unwieldy algebraic expressions in network 
analysis. This paper illustrates an approximation technique which 
results in simple Laplace transforms in the transient-response cal-
culations for junction-transistor amplifiers. Theoretical results based 
upon this analysis are in good agreement with experiment. 

I NTRODUCTION 

T
HE MAJOR SOURCES of transient behavior in 
transistor amplifiers are considerably different 

  from those in vacuum-tube amplifiers. Vacuum-
tubes, operating in a frequency region below the uhf 
band, are limited in their transfer characteristics by 
the existence of interelectrode capacitances. These 
capacitances are functions of the electrode geometry as 
well as the operating point of the tube. As the opera-
tion of the tube approaches the uhf region, transit-
time effects will be encountered. Transit-time considera-
tions will materially change the frequency and transient 
response analysis of vacuum-tube circuits. However, 
transit-time effects are negligible for most audio and 
radio frequency applications of vacuum tubes. 

In a vacuum tube, electrons travel between the 
cathode and plate by virtue of an electric-field gradient. 
Evacuation of air in the space between the cathode and 
plate minimizes obstruction of the electron path. Modu-
lation of the electric-field gradient causes a signal to 
appear in the plate circuit. In a transistor, however, 
carriers travel between the emitter and collector by 
virtue of a concentration, rather than electric-field, 
gradient. For n-p-n type transistors, the carriers are 
electrons and for p-n-p types, the carriers are holes. 
The paths of the carriers are through the base region of 
the transistor, and hence the carrier paths are ob-
structed by the atomic structure of the semiconductor 
and impurity materials which comprise the base layer. 
Modulation of the concentration gradient causes a 
signal to appear in the collector circuit. 

Carriers move through the base of a transistor by a 
diffusion process and transit-time effects are of con-
siderable importance even at low frequencies. In fre-
quency and transient-response analysis, this fact con-
stitutes the major difference between vacuum tubes and 
transistors. This paper will show how the transit-time 
phenomena in transistors may be taken into account in 
the equivalent circuit of the transistor, and how such 
an equivalent circuit may be simplified for practical 
transient-response calculations. Although the analysis 

* Decimal classillcation: R2R2.12. Original manuscrint received 
by the Institute, February 2, 1953. Presented at the 1953 IRE Con-
vention, New York, N. Y. 

1' Electronics Laboratory, General Electric Co., Syracuse, N. Y. 

(e) 

SURAN, ASSOCIATE, IRE 

presented here has been restricted to junction tran-
sistors, it is applicable to point-contact types also, inso-
far as the latter approximate the junction units in funda-
mental physical behavior. The circuit analysis is further 
restricted to small-input signals, i.e. to transistors oper-
ating as linear (Class A) amplifiers. 

DERIVATION OF THE EQUIVALENT CIRCUIT 

If the effects of carrier transit in the base region of a 
transistor are completely neglected, the low-frequency 
ac equivalent circuit of the transistor may be repre-
sented by a T-network such as illustrated in Fig. 1(a). 

Th 

= Cc b 

'(b) 

Fig. 1—AC equivalent circuit of a transistor neglecting diffusion 
effects of the carriers. 

(The equivalent 7r configuration may also be used.) 
The circuit shown is for a grounded-base amplifier where 
re, Tb and re are the ac resistance of the emitter, base, 
and collector respectively, a is the current-amplification 
factor and i, and i, are, respectively, the emitter and col-
lector currents. Still neglecting the effects of carrier dif-
fusion through the base region, the circuit of Fig. 1(a) 
may be modified to include equivalent capacitances 
which result from the transistor geometry. Such an 
equivalent circuit is illustrated in Fig. 1(b) where Cab, 
C.«, Ca, are the emitter-base, emitter-collector and col-
lector base capacitances respectively. Ce is the collector 
capacity, and is due to the high-resistance barrier be-
tween the base and collector regions. In currently-
available junction transistors, the effects of the inter-
terminal capacitances, Ceb, Cee and Ccb are usually 
negligible compared to the effects of a and carrier dif-
fusion. Consequently, the interterminal capacitances 
will be neglected in the ensuing analysis. The collector 
capacitance, Ce is a function of the collector voltage, 
but may be considered constant for a fixed operating 
point and for small-signal analysis.'-3 

' R. L. Wallace and \V. J. Pietenpol, "Some circuit properties 
and applications of n-p-n transistors," PROC. I.R.E., vol. 39, p. 753; 
July, 1951. 

2 J.5 Saby, "Fused impurity p-n-p junction transistors," PROC. 
I.R.E., vol. 40, p. 1359; Nov., 1952. 

3 R. F. Shea et al., " Principles of Transistor Circuits," John Wiley 
and Sons, Inc., New York, N. Y.; to be published, 1953. 
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In order that the equivalent circuit of Fig. 1(b) can 
be modified to include the transit-time effects of carrier 
movement through the base, a study of the basic-dif-
fusion equation must be made. From the diffusion equa-
tion, it may be shown that the current amplification 
factor, a, is given by3-6 

i 
a(jw) = c (jw) = sech - N/1  

ie 1„. 

where W is the width of the base region, Lm is the carrier-
diffusion length and Tm is the carrier lifetime. A mathe-
matical analogue to ( 1) is found in the current-transfer 
function of a distributed-parameter RC transmission 
line. Thus, from the transmission line transfer charac-
teristic 

(1) 

in 
- - (jw) = sech -VI7(jw)Z(jw), (2) 
il 

it is apparent that the diffusion process in the base may 
be represented by a transmission-line equivalent circuit 
such as illustrated in Fig. 2. When the transmission-line 

 AvAsr 

° (e < l c ei 
o  

Fig. 2—Transmission-line analogue of ( 1). 

analogue of the carrier-diffusion process is included in 
the equivalent circuit for the transistor, the circuit of 
Fig. 3 is obtained. This is the basic-equivalent circuit 
from which a simplified transient-analysis technique will 
be derived. 

Fig. 3—Basic ac transistor-equivalent circuit. 

It should be noted that ( 1) may be employed directly 
in the solution of transient-response problems when-
ever the effects of circuit elements external to the tran-
sistor can be neglected. In particular, this applies to 
transistor amplifiers having small load resistances. 

4 \V. Shockley, " Electrons and Holes in Semiconductors," D. Van 
Nostrand Co., Inc., Nuw York, N. Y.; 1950. 

6 W. Shockley, M. Sparks and G. K. Teal, "P-n junction tran-
sistors," Phys. Rev., no. 83, Section IX, p. 161; 1951. 

6 R. L. Pritchard, " Frequency ‘-ariatitins of current-amplification 
factor for junction transistors," PROC. I. R.E., vol. 40, p. 1476; Nov. 
1952. 

Equation 1 has been solved for a step in emitter current, 
but the results are sufficiently involved to require omis-
sion from this paper.7 

The propagation of a pulse by a transmission line is 
characterized by two basic effects: dispersion and de-
lay. Dispersion refers to the attenuation and phase shift-
ing of certain frequency components in the transmitted 
signal by the selective character of the transmission line, 
and leads to a "spreading out" in time of the pulse wave 
front. Delay may be considered as due to the finite 
phase-velocity property of the transmission line, and is 
manifested by a time lag between the input and output 
signals. Both dispersion and delay are intrinsic prop-
erties of the transient response of transistor amplifiers. 
These properties may be treated separately by a circuit 
approximation to the transmission line analogue as 
shown in Fig. 2. For example, only one section of the line 

may be used to represent the dispersion effect, and the 
remainder of the line may be replaced by an ideal delay 
line to represent the delay property. The ideal delay line 
has the transfer characteristic 

jo 

(jw) =ii (3) 

where K is the delay time (seconds). Using the ap-
proximate representation, the transmission line of Fig. 2 
may be illustrated as indicated in Fig. 4. The current-

‘e r 
G 

IDEAL 

DECAY LINE 

Fig. 4—Delay-line approximation of the transtnission-line 
analogue shown in Fig. 2. 

transfer function of this network is readily shown to be 

jo 1 e 
(ico) (4) 

r 1 ± GR RC 
1 +  

1 + GR 

At very low frequencies (w—>0), (4) approaches the value 
11(1 +GR), which will be denoted by ao, the low-fre-
quency current amplification factor. The frequency at 
which the current ratio given by (4) is 3 db below ao is 
the a-cutoff frequency, fao. The time-constant corre-
sponding to fa. will be denoted by Ta. Equation 4 may, 
therefore, be written as 

where 

= a = ao [ e— K  1w 

1 
T. =   and 

2r.f.o 

1 + j0-' T. 

1 
f . 

2irRCao 

(5) 

7 J. S. Schaffner and J. J. Surat', "Transient Response of the 
Grounded-Base Transistor Amplifier with Small-Load Impedance"; 
to be published. 
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For most junction transistors currently available, ao is 
very close to unity (ao > 0.9). Hence, the conductance 
G in Fig. 4 is usually very close to zero (infinite re-
sistance) and can be neglected in the equivalent circuit. 

Using the delay-line approximation, the ac transistor-
equivalent circuit illustrated in Fig. 3 is modified as 
shown in Fig. 5(a). Denoting the current ratio given 

e 

et,ee( — C 

fe 
 •vvv\,  

DELAY 
L/NE 

Of L e 

Cc 
6 • •6 

(a) 

e   

ie 

re 

6 • • 

(b) 

Fig. 5—AC delay-line approximate-equivalent circuit of the 
junction transistor. 

by (5) as a, the equivalent circuit of Fig. 5(a) is redrawn 
as shown in Fig. 5(b). It is quite obvious that the circuit 
of Fig. 5 is a great deal simpler to deal with in circuit 
calculations than the transmission-line equivalent of 
Fig. 3. As will be borne out later, calculations based 
upon the delay-line approximate circuit are sufficiently 
close to experimental results to warrant the circuit's 
consideration in practical design problems. 

FREQUENCY AND TRANSIENT RESPONSE CALCULATIONS 

To illustrate the use of the equivalent circuit of Fig. 5 
in transient-response calculations, consider the junction-
transistor amplifier of Fig. 6(a). The voltage generator, 

re 

(a) (6) 
Fig. 6—AC circuit for grounded-base transistor amplifier. 

of internal impedance R9, generates a step voltage which 
is applied to the emitter of a grounded-base transistor 

amplifier terminated by a load resistance RL. The volt-
age response, as measured across RL will be determined 
from the equivalent circuit of Fig. 6(b). In Fig. 6(b), 

the current source ai, of Fig. 5(b) has been converted to 
a voltage source, ec, where 

ec= aieZ, (6) 

and Ze is the parallel combination of rc and Q. Thus 

r9 r9 
Ze =   (7) 

1 ± reCejco 1+ Tejw 

The voltage transfer characteristic for the transistor 
amplifier circuit may be calculated from the Kirchhoff 
equations for the network of Fig. 6(b). In matrix form, 
these are 

r eil = r(R„-Fre-Frb) (— rb) r 1. (8) 

L ec J L (—TO (Ze-F-RL-Frb)-1 L ie 
When (8) is solved for it is found that the delay term 
e—Kiw appears in both the numerator and the denom-
inator of the resulting expression. To simplify the tran-
sient calculation, it is desirable that the denominator of 
the transfer function be a polynomial in (jw) and con-
tain no e-K)*) term. This can be achieved if the delay 
term is expanded as 

(Kjw)2 (Kjw)3 
e—Kiw = 1 — Kjcu   

2! 3! 
• (9) 

Since K is usually very small (of the order of 0.1 gs in 
junction transistors), all but the first three terms in (9) 
will be neglected. If this is done, the voltage-transfer 
function of the approximate equivalent circuit illus-
trated in Fig. 6(b) is given by 

eo (lo adca az(jw)2+ Coe-Ki«.  
(.1<e) = (10) bo + bijw bz(je.,) 2 

The coefficient ai, bi, Co of ( 10) are, in terms of the cir-
cuit and transistor constants 

C10 = RLrb. 

al = RLrb(Ta-F- Te). 

az = RebT.Tc. 

Co = ocoRLre 

= (R, -F re)(RL -1- rc 1'0 

▪ rb(RL -F r,[1 — ao])• 

bi = (T.+ Te)(rb[R,-F re+ Rd+ RL[Ro + re]) 

▪ reTa(ro + re + Ro) + aoKrerb. 

b2 = TaTeUR, re)(rb RL) a] 

— aor.rbK2 • 

(11e) 

(11f) 

(11g) 

An experimental transistor amplifier, of the type il-
lustrated in Fig. 6, was built to test ( 10). As measured 
within an estimated accuracy margin of + 20 per cent, 
the experimental circuit constants are as follows: 
r.= 3012, rb = 20012. 7-, 600K12, ao= 0.9, Te,=10-6 sec., 
Tc= 10-' sec., 0.5 X10-6 sec., R9=502, RL=-10KS2. 
The voltage-transfer function derived experimentally is 

compared to that derived theoretically from ( 10) in 
Fig. 7. Since the bandwidth of the experimental curve 
is somewhat greater than the theoretical bandwidth, it 
may be expected that the theoretical transient-response 
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Fig. 7—Experimental and theoretical phase and attenuation characteristics. 

calculation will lead to a conservative estimate of the 
physical response. 

Transient-response analysis proceeds directly from 
(10). Assuming that the input voltage, ei is a step func-
tion given by 

1 
ei = — 

S 

where S is the Laplace operator (d/d/), (10) becomes, in 
terms of S 

ao iS a2S2 Coe-Ks 
eo(S)   (12) 

S(bo biS b2S2) S(bo biS b2S2) 

The inverse transformation of the first term in ( 12) leads 
to a time function which is the approximate response of 
the equivalent circuit to the step input when the tran-

sistor is considered as a passive circuit, i.e., when et. is 
short-circuited. For good amplifiers, this term will be 
negligible. Inverse transformation of the second term 
in ( 12) results in 

Co re-A (e-[K)  
eo(t) =   1 + Ae-r“-K)]µ(1 — K), ( 13a) 

b2AP A — r 

where: 

I. - 1 /( )0 
A, 1' = - - -T - — (-

2b2 I 2b2 b2 
(13b) 

Generally F>>A; for this condition, ( 13a) becomes 

Co 
c(1) =   [1 e-A (€-K)][µ(t — K)]. (14) 

I b2A1' 

In ( 13a) and 14, 12(t — K) is a step function which is 
delayed in time, from the reference t = 0, by K seconds. 
Thus, the delay property of the transistor appears as a 
factor of the dispersion function, the latter being a 

accl 

simple exponential in ( 14). Using ( 14), the theoretical 
transient response is compared to that obtained experi-
mentally in Fig. 8. The same circuit and circuit con-
stants are used here as were employed in the frequency-
response calculations relating to ( 10). From ( 14), it is 
apparent that total rise time plus delay time TR is 
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Fig. 8—Theoretical and experimental transient response. 

(15) 

Defining the response rise time, tR, as simply 1/A, Fig. 9 
illustrates the variation of tie with collector resistance, 
collector capacitance, cut-off frequency and load re-
sistance as calculated from ( 14). It should be cautioned 
that the curves illustrated in Fig. 9 are approximate re-
lationships calculated for a specific case, and should 
therefore be referred to as indicative of trends rather 
than as references for universal calculations. 
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CONCLUSION 

The equivalent circuit for a junction transistor may 
be modified by the inclusion of a transmission-line 
analogue for the representation of diffusion phenomena 
within the base region. Such an equivalent circuit may 
then be used for transient-response calculations. How-
ever, the resultant analysis would be so algebraically in-
volved as to make the technique impractical for most de-
sign purposes. If the transmission line is replaced by a 
simple lumped-parameter R-C network in series with 

an ideal delay line, an equivalent circuit will be obtained 
which is much more amenable to simple design calcula-
tions than transmission-line circuit. Calculations based 

on delay-line approximate circuit lead to conservative 
frequency-and-transient-response calculations. How-
ever, these are close enough to experimental results to 
justify design utility of delay-line equivalent circuit. 

This work has been supported, wholly or in part, 

under Contract AF 33(600)-17793, which is sponsored 
jointly by the United States Air Force, Army and Navy. 

A Graphical Spectrum Analyzer for Pulse Series* 
H. P. RAABEt, ASSOCIATE, IRE 

Summary—A general mathematical spectrum analysis of pulse 

series is discussed and applied to develop a slide-rule-type analyzer 
to give a pictorial presentation of the frequency spectrum. This 
method is very rapid and permits an overall evaluation of the spec-
trum. The analyzer, however, does not permit the determination of 
spectra for pulses having frequency modulation. 

INTRODUCTION 

T IS THE PURPOSE of this paper to outline the 
theory, design, and use of a graphical spectrum 
analyzer which is similar to a slide rule and may be 

* Decimal classification: R371.2. Original manuscript received by 
the Institute, July 21, 1952; revised manuscript received April 6, 
1953. 
t Aircraft Radiation Laboratory, Wright Air Development Cen-

ter, Wright-Patterson Air Force Base, Dayton, Ohio. 

used to determine the frequency spectra of infinite 
pulse series. 
The computation of the frequency spectra for infinite 

pulse series requires many detailed calculations and 
familiarity with Fourier's Analysis. To make the work 
less difficult, some formula collections contain general 
formulas for different pulse shapes, so that the calcula-
tion of the spectral components is performed by 
ordinary algebra. However, in both cases, the evalaa-
tion takes time and lacks the advantage of pictorial 
presentation. 

In order to develop a graphical method for analyzing 
various pulse shapes, it was necessary to set up a gen-

eral problem in pulse-series spectra analysis to de-
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termine the characteristics of the parameters. It was 
then necessary to determine the most suitable mechan-
ical system which would satisfy the characteristics of 
the parameters and give adequate pictorial presenta-
tion of the spectra. 

GENERAL MATHEMATICAL ANALYSIS 

Fig. 1 shows the amplitude-time curve of a single 
pulse, al(t). The pulse is characterized by the pulse 
shape and by a carrier. The pulse shape is defined by 
the envelope curve ao(t) for the positive amplitudes, 
while the carrier is defined by 

c = c(t) = cos (coot + 0), (1) 

where we = 2rfe = 2r/Te indicates the carrier frequency 
and 0= 27rit indicates the carrier-zero phase. 

Fig. 1—The time function of a single pulse. 

The pulse shape is arbitrary within the condition 
that the pulse area is finite, and that for any pulse shape 
two quantities can be defined: the absolute maximum 
amplitude A and the time difference r between the first 
and last points in the pulse envelope having an ampli-
tude A/2. 
The spectrum of a single pulse is described by the 

Fourier inverse transformer 

00  ai(t) = f [a(w) cos wi e(w) sin cet]dw. (2) 

The equation does not change when the spectrum is 
extended symmetrically over positive and negative fre-
quencies and when a(w) is replaced by the even func-
tion a(w)/2 and (3(w) is replaced by the odd function 

1 /000 

a i(t) = — f kw) cos (A 4- e(co) sin wtjdco. (3) 
„ 2  

a(co) 

With this expression, (4) becomes 

=_J e ao(t)lcos [(coc co)t opj 
2r, 

+ cos [(we — co)t ctlldt. ( 7) 

This equation can be transformed into 

a(co) = —1 {cos Of ao(t) [cos (we + co)t 
2r 

00 

-00 

+ cos (we — w)ddi 

— sin Of ao(t) [sin (we + co)t 

-11- sin (wc . (8) 

Equation (5) can be developed in the same way, so that 

= 1 — {cos f ao(t) [sin (we + w)!t 
2r -CO 

± sin 0 f ao(1) [cos 
-03 

— sin (we — co)i]dt 

(coc + co)! 

— cos (coc — c..))t[d4 . (9) 

With (8) and (9) the Fourier integral according to (3) 
becomes 

ai(t) = — 1f 00 -f---1 cos 0 ao(t) [cos (co, + w)! 
2r_2 

+ cos (co, — co)t.lcit 

— sin 0 f ao(l) [sin (co, ± co)t 

+ sin (we — 0.))/](4 cos cot • dco 

r ▪ _ _ {cos f ao(t) [sin (we + co)t 
27r , 2 

+ sin 0 f ao(t) [cos 

— sin (we — co)i]dt 

(we + co)t 

— cos (we — co)/14 sin col• dco. ( 10) 

This equation is made up of two integrals over co which 
are symmetrical with respect to w=0. This can be seen 
by assuming that the integration is first taken over 

The amplitude functions of the integral are defined by w<0. In this case the first trigonometrical terms within 
the square brackets would be equal to the second terms 
taken over w >0 and vice versa. Therefore, the second 
set of terms can be substituted for the first set so that 

1 
a(co) = — f (11(4 cos cote, (4) 

7r 

= r a i(t) sin widt. 
7r „ 

From the definition, above, it follows that 

al(1) = ao(t) • 6(0 =- ao(t) • cos (coct + 0). 

(5) 

(6) 

1 .0 
cti(1) = — f [cos f a0(1) cos (co, — co)tdi 

2r - 00 

— sin 0 f ao(t) sin (we — co)idti cos cot•dco 
-00 
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1 
— — f [cos cp f ao(t) sin (co„ — w)ldt 

27 

-F sin Or.(4)(1) cos (we — w)filt sin cot • dco. ( 11) 

By elementary transformation this equation becomes 

1 
(7 1(1) = — f (cos ct. • cos wt — sin O. sin cot) 

27 „ 

co 

• f00 ao(t) cos (we — w)t. (It 
,  

— (sin qh•cos cot + cos 4)•sin wt) 

• f, a0(t) sin (co, — w)t- (It dw, 

and further 

1 f  
al(t) = — [cos 

27 

(12) 

(wt f ao(t) cos (w — we)t•clt 

+ sin (cot ± ek) f ao(1) sin (co — we)tcllidw. ( 13) 

Regarding the integral of ( 7) and the corresponding 
equation for a(co) it is evident that they mean an area 
of the dimension amplitude times time which varies 
with frequency. Therefore, the integral is proportional 
to the product A • r. If the substitutes 

t = r • p and a0(i) = A • bo(p) (14) 

are applied in ( 7), this equation becomes 

1 
a(co) = — A • T f bo(p){cos [(we + w)rp cpj 

27 —c0 

+ cos [(we — w)rp cp[ld p. (15) 

In this equation bo(p) represents the function of the 
normalized pulse shape with the unit absolute-amplitude 
and the unit half-amplitude pulse length. Both units 
are dimensionless. Hence, the function bo(p) is identical 
for all rectangular, Gaussian and other pulses, respec-
tively, and characterizes the pulse type. Also the integral 
term in ( 15) keeps the same value for all pulses of the 
same type, if co,r and wr are of the same value. 

Accordingly, ( 13) can be expressed as 

ai(l) = Ar f [cos (oct cl)) 

e 1 

— bo(p) cos (w — w)rp 

2700 -I- sin (wt 0) 

• f44. 1 _. —27 bo(p) sin 

dp 

— 41-p • dp]dw, (16) 

where the two integrals over p are functions, y, and y,, 
of (co—coc)r, which vary only with the pulse type, so 
that the equation can also be expressed as 

ai(t) = Ar f. [y cos (cot + 41) y, sin (cot + cfrncho. (17) 

The two wave components of the amplitudes y, and y, 
can be combined in a single wave so that 

co 
al(t) = Ar f y cos (cot ± ŷ)dw, 

where 
—CO 

(18) 
Y. 

-- N 2 + ys2 and y = arc tan — • 
Y. 

If the pulse type is unchanged but the position of the 
pulse envelope in time is varied by an amount p„, bo(p) 
as in ( 16) would become bo(p+p„). Consequently, the 
integrals y, and y, would become functions of p„. If 
these functions constitute a set of sine and cosine func-
tion of p„, the envelope of the amplitude spectrum, y, 
would be independent of the position of the pulse. In 
order to prove that this is the case, it may be noted 
that the variation of the pulse envelope position results 
from two successive variations. In the first step the 
pulse as a whole is shifted in time by tr—Tp„. This will 
not change y but it will increase the phase of the waves 
by wt„. In the second step the phase of the carrier is 
shifted back to the original position by the amount 
—co,t,. As ci) indicates in ( 16), the carrier phase does not 
affect even the time integrals y, and y,. Therefore, it 
can be concluded that the spectrum envelope is inde-
pendent of the position of the pulse envelope in time, 
but the time information is preserved in the phase of 
the spectral components. 

It may be noted that the finite energy of a single 

pulse is distributed over the spectrum. This means that 
the amplitude of a wave of a particular frequency is in-
finitely small. The combined effect of a pulse series, in 
which every pulse differs by the time of occurrence and 
phase of the carrier relative to a carrier having zero 
amplitude and positive slope at the time equal to zero, 
can be described by superposition of the amplitudes 
with regard to phase. Since the amplitude curve is the 
saine for all pulses, the factor of reinforcement can be 
obtained from the phase condition alone. For an infinite 
series of pulses, waves of discrete frequencies may result 
which have a finite amplitude. 

Fig. 2—Example of a pulse series. 

If the pulses follow periodically in the distance T1 
and if the carrier phase proceeds from pulse to pulse 
by a constant phase change 271) as Fig. 2 shows, the 
arguments of the pulses No. q and No. (q+1) would be 

arg, = (t — (q — 1)T 1] ± (q — 1)27v, (19) 

arg(,+1) = co [t — qT11 (ti q•27rv. (20) 
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The difference of both is 

o) 

arg„ — arg (g+1) = coTi — 27ry = — 2r — 27ry. (21) 
W1 

Since the difference does not depend on q, the reinforce-
ment condition for the infinite series becomes 

co 
27r — — 27ry = 27rn, n = 0, + 1, ± 2 • • • (22) 

col 

from which 

co = (n y)coi. (23) 

This result means that a line spectrum takes the place of 
the continuous spectrum. The distance of the lines 
equals col while the first line (n = 0) lies over ycoi. 

For the infinite pulse series the complete equation can 
be stated similarly to ( 17). It is advantageous to replace 
r by 

27rs 
r sTI =   (24) 

W' 

where s is a dimensionless factor. In place of the fre-
quency integral there is now a summation. Thus, the 
equation for infinite pulse series becomes 

ts1-00 

a(1) = A s E Y,• cos [(n v)u) + <kJ 
n--oo 

Y.• sin [(n y)coit 011. (25) 

The following conclusions can now be stated: 
(a) Any pulse represents a carrier of the frequency 

co,, and the zero phase ck. The amplitude of the carrier is 
determined by some time function. 

(b) The amplitude time function can be characterized 
by the absolute maximum amplitude A, the time differ-
ence between the extreme points of the amplitude A/2 
and by the normalized pulse shape. The integral of this 
function must be finite. 

(c) The normalized pulse shape represents a pulse 
type; e.g., rectangular pulse, Gaussian pulse, and so 
forth. 

(d) A pulse series is made up of a periodical succession 
of pulses of the sanie type, absolute maximum, mean 
length and carrier frequency. The repetition time is Ti 
so that the repetition frequency is defined by 

27r 
coi = 2 rf — • 

T1 

The carrier phase changes from pulse to pulse by the 
constant rate 27ry. The mean pulse length is related to 
the repetition time by the quantity 

s = r/TI. 

(e) The pulse series can be described by a discrete 
line spectrum. The frequencies of these are lines 
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(n+v)oh, where n = 0, + 1, + 2 • • • represents the order 
of the line. 

(f) The relative amplitude of the spectrum is de-
termined by two different functions for the cosine and 
sine components and has the same shape for all pulses 
of the same type, when plotted against an co • s scale. 

(g) The zero phase of the carrier appears as zero 
phase of all spectrum components. 

(h) The amplitude function of the cosine com-
ponents is an even function, while the amplitude func-
tion of the sine components is an odd one. 

(i) The center of the amplitude functions is placed 
over the coo • s point. 

(j) The absolute amplitude of the spectrum differs 
from the relative amplitude by the factors A and s. 
The general analysis of repeated pulses shows that 

only two graphical elements are necessary in order to 
present the spectrum. The first element is the relative 
amplitude curve which covers all problems involving 
the same normalized-pulse shape. This means that for 
any normalized-pulse shape the proper relative-ampli-
tude curve or spectrum envelope must be available. 
The second element is an array of lines which intersect 
the spectrum envelope and represent the distribution of 
contained frequencies. Both elements are shown in 
Fig. 3, which shows the line spectrum for the pulse de-
scribed in Fig. 2. Therefore, the spectrum envelope be-
longs to a rectangular time envelope or pulse type. The 
lengths of the lines within the curve equal the relative 
amplitude of the indicated frequencies. However, in 
order to match all variations of s, cob co, and y the separa-
tion of the lines as well as the position of the lines with 
respect to the envelope should be variable. 

Y 

o fc 

-f 

Fig. 3—Spectrum of the pulse series of Fig. 2 represented by a 
family of parallel lines and the envelope curve for rectangular 
pulses. 

The variation of the separation of the lines can be pro-
vided by convergent lines if the envelope is moved 
towards the center of convergence or back. However, 
as long as the frequency scale is straight, the convergent 
lines will intersect this scale at different angles. This 
intersection can be made at right angles by a distorted 
envelope curve, so that the particular amplitude of a 
spectral line can be measured along the converging lines. 
But the second requirement provides the possibility of 
shifting the envelope across the lines. This means that 
the frequency scale should intersect the family of lines 
at a constant angle e.g., 90°. Therefore, the frequency 
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scale can no longer be a straight line. The only curve 
which can be shifted along its own path is the circle or, 
in general, a curve with constant radius of curvature, 
which includes the straight line. 

Thus, two conditions have arisen which lead to two 
different solutions. The first condition means: the family 
of lines divides a circle into equal separations, while 
the second condition means: the family of lines intersects 
a circle at right angles. Since both conditions apply for 
any position of a circle, when moved towards the center 
of convergence, the family of curves consists of curves 
of the same shape, just displaced by a certain amount 
towards the center of convergence. 

Fig. 4—A sing e line of a family of convergent lines. 

Fig. 4 shows a single line of the family with the co-
ordinates x and y and the circle with the radius p. The 
center of the circle lies at x=0, y= n. The first condi-
tion can be expressed by the differential equation 

— — 
ch.) 

and means that any separation on the circle varies at a 
logarithmic rate. The integration of (26) leads to 

log. = - K,, + log. C. 
or 

1 
= — log. • 

From the equation of the circle follows 

and 

y  ti  V p 2 x 2, 

= arc sin — • 

(27) 

(28) 

(29) 

(30) 

1 
Y = log,,   

Ri X 
arc sin — 

Cc 
(31) 

and describes a curve which may be called logarithmic 
cycloid. The integration constant C. has to fit the bound-
ary condition for any particular line. 
The second condition which provides the intersection 

angles of 90° means that the radius of the circle is 
tangent with the line. This can be expressed by the 
differential equation 

dy N/p2 — X2 
-  = tan Ite =- — tan (71- — (¢) = 
dx 

The integral of (32) is 

X2 

Y =  dx, 

the solution of which is 

y = p (log. Ci p + Vp2 - x2) 
1/P2 — 

xi  

and describes the tractrix. 
For small x the logarithmic cycloid approaches 

function 
y = 1 (log. pC%\ 

K x 

while the tractrix approaches the function 

2pC8 
y = p (lop  p. 

Xl 

If K and Cg are chosen as 

K = 1/p 

and 

Cg =- C./2 = C/2 

both (35) and (36) have the same form 

(26) y = p (loge —PC ) — p. 

(32) 

(33) 

(34) 

the 

(35) 

(36) 

(37) 

(38) 

(39) 

Fig. 5 presents the curves according to the three func-
tions of (31), (34), and (39). They show that the tractrix 
and the logarithmic cycloid remain very close together 
up to x = p/2. Since an error with regard to the first 
condition requiring' equal separations would cause a 
greater error in the amplitude of the spectral lines, the 
logarithmic cycloid is preferable. 
As mentioned above, all logarithmic cycloids differ 

only by the integration constant C or by a certain dis-
placement in the direction of the y axis which points 
to the center of convergence. On the other hand, all 
lines of the family differ by the arc sin x/p. According to 
the first condition the equation can be stated 

With these expressions for y and 4/ ( 28) becomes 
arc sin — = p•f31, p = 0, ± 1, ± 2, • • • (40) 
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.N 

Fig. 5—Ordinary logarithmic curve ( ) as an approximation 
for the tractrix ) and the logarithmic cycloid ( ) at 
small values of x. 

where p indicates the order of the lines and rib is the 
distance between two adjacent lines measured on the 
circle. The line of the order 0 is a straight line which 
coincides with the y axis. This line means a displace-
ment of — 00. Therefore, it is necessary to relate the dis-
placement to the line of the order 1. The displacement 
equals the difference of the value of y of any line for a 
constant x when arc sin x/p changes by the considered 
amount as Fig. 6 shows and 

Yo = P loge — P log „ — = p log. p, i> O 

expresses. Negative values of m indicate lines which 
are arranged symmetrical to the y axis. Thus, the whole 
family of lines can be described by the single equation 

( y, = p log. 
pC 

arc sin — 
P 

.Vp 2 

(41) 

(42) 

Since C determines only the position of the x axis it may 
have any arbitrary value, e.g., 

C = 1, (43) 

so that the final form of the family of lines becomes 

o 
Fig. 6—The family of convergent logarithmic cycloids. 

( y, = p log 
— arc sin 1//32 — ec2. (44) X 

In (44), which is plotted in Fig. 6, there is only one 
parameter, the radius of the circle p, which character-
izes the family of lines. 

PRACTICAL DESIGN OF THE ANALYZER 

The practical design of an analyzer has to start with 
the choice of the radius, which limits the width of the 
chart carrying the lines. The next refers to the envelope. 
In the general case the envelope curve is extended over 
an infinite range. However, the amplitudes decrease and 
become negligible soon. Thereafter, a decision has to be 
made, up to what amplitude the envelope curve is of 
interest. From a pulse with a relatively slow decrease of 
the amplitudes, e.g., a rectangular pulse, the required 
frequency range can be obtained. 
Now, the scale of the amplitude is subject to choice. 

Since the spectral lines have different curvatures an 
error can be expected which increases with the length of 
the used part of the lines or the greater the scale. As 
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long as the lines can be substituted by the radii of the 
circle, this error is negligible. However, a small scale 
would include a greater interpretation error due to the 
ability of the eye as well as a greater system error due 
to the inaccuracy of the construction. Therefore, a unit 
length greater than one fourth of the radius of the 
circle should not be used. 
As mentioned, the sliding of the envelope curve 

towards the center of convergence means a logarithmic 
change of the values of s towards smaller amounts. It is 
not necessary to analyze pulse series with an s greater 
than unity. Thus, the chart carrying the line family 
can be limited on one side. For small values of s, of 
1/100 and below, the lines come so close together that 
it is impossible to draw them separately on a convenient-
sized analyzer. Therefore, it is desirable to restrict the 
analyzer to one order of magnitude of the density of the 
lines. This means that all values of s between 0.1 and 
1.0 can be used immediately. Smaller values have to be 
multiplied by a convenient scale factor, in order to ob-
tain a value within the mentioned order of magnitude. 
E.g., the actual value s = 0.005 should be multiplied by 
100. Now, every line represents 100 lines which fill uni-
formly the space between two adjacent lines. The length 

of these lines can be estimated. 
Fig. 7 is a photograph of a spectrum analyzer designed 

in accordance with the above. The left-hand picture 
shows the back of the analyzer carrying the defining 

mathematical equation; an example is described by 
tabulated description and the spectrum. The 10ms scale 
is located on the left side, where 10's is the scale factor 
chosen according to the problem. The slider carries a 

hairline which is set to s = 0.32. 
The right-hand picture shows the front of the an-

alyzer with instructions, the family of lines, and the 
envelope tongue attached to the slider. The envelope 
tongue has been adjusted so that the fc mark is set at a 
distance of 0.25 of the spacing between two lines to the 
right of the center line. This adjustment takes care of 
two facts. First, there is a fractional part of remainder 
II left from the ratio of the carrier frequency and the 
pulse repetition frequency. Second, there is a continu-
ous phase increase equivalent to a frequency shift of yfi 
which makes the family of lines move up. Therefore 
the position of the fc mark is determined by the dif-
ference II —vfi or by the amount WI, whereby 

k = r — v. (45) 

Fig. 8 shows further envelope tongues. The Z-type 
pulse is presented so that the pulse shape becomes an 
odd function. Therefore, the spectrum is made up of 
sine components only. The Z-type pulse envelope can 
be used to find the spectrum for an ordinary sawtooth 

wave since s becomes unity in this case. 
Since the triangular wave is made up of the super-

imposition of a rectangular pulse and a Z-type pulse, 
the full spectrum of a triangular pulse can be obtained 

from both tongues, so that the envelope of the rectangu-
lar pulse gives the cosine components, while the en-
velope of the Z-type pulse gives the sine components. 

For technical application the Gaussian or bell-
shaped pulse is very important, since it is, at once, the 
shortest pulse with the smallest frequency range. 
The last example represents the exponential decay 

pulse. This pulse shape contains an even and an odd 
component so that two tongues are necessary to furnish 
the cosine components and the sine components sepa-

rately. 
Examples. 
In the photograph of Fig. 7 the analyzer is set to the 

same problem as in Fig. 2 and 3. In agreement with the 
example, the envelope tongue for rectangular pulses has 
been selected and after setting the hairline to s =0.32 
and the lOnis scale, the factor k was simply computed 
as the difference of r = 0.55, the remainder of the ratio 
of carrier frequency to pulse-repetition frequency, and 
y = 0.3, the phase change factor of the carrier from pulse 
to pulse. Therefore, k becomes 0.25. According to the 
fifth point of the instruction the fc mark on the tongue 
has been set to the right of the centerline at a distance 

of 0.25h. 
Now, the graph which appears under the envelope 

gives all information which is symbolized by the terms 
under the summation sign of the mathematical equa-
tion. The frequency scale is calibrated by the intersec-
tions with the family of lines while the ft mark gives an 
absolute value to start from. In order to obtain the 
actual amounts in volts or amperes all lengths of the 
spectral lines have to be multiplied by the factor sA. 
Result may be in a table or presented in a graph. 
This example was a simple one for there were no sine 

components contained, because the pulse could be pre-
sented over the time axis in such a way that the pulse 

shape became an even function. 

Fig. 9—Example of fullwave rectification. 

Beside the general example which was given on the 
back of the analyzer, a particular case which shows the 
wide application may be analyzed. This example deals 
with the linear full wave rectification of a power supply 
circuit. The time function is presented in Fig. 9. This 
problem can be considered as a rectangular pulse series 

with a carrier frequency. The following data are as-
sumed or result from the problem respectively: 

f. = 60 c/s, f„= 120 c/s, A = 10 V, s = 1.0 and u = 0. 
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TABLE I 

September 

Rel. Ampl n= 

+0.07 

—4 —3 

Albs. Amp'. 

s..1 Y, 

H 

—0.0') 

o 

—2 —1 

I +0.13 —0.21 

° 

o 1 

+6.4 +4.3 

0 

0 +1 +2 +4 

+0.64 +0.64 —0.21 +0.13 — 0.0) 

o 

3 4 

—0.8 +0.4 —0. , 

0 o 

In order to adjust the analyzer the following five steps 
have to be undertaken: 

(1) Selection of the rectangular pulse envelope 
tongue. 

(2) Selection m=0 or 10'n = 1. 

(3) Setting the hairline of the slider to 10ms =s = 1.0. 

(4) Computation of k=r —v. Since fc/fp=z+r = 0.5, 
z = 0, r = 0.5. Furthermore v = O. Hence k =0.5. 

(5) Setting the fe mark on tongue at a distance of 
0.5 fp to the right of the center line. 

The resulting graph is shown in Fig. 10. The zero 
point of the frequency scale is indicated by an arrow. 
The spectrum can be preserved either as a series equa-
tion, graphically or in a numerical table. All three forms 
are presented. The series equation becomes 

a(t) = 1.10{0.64-cos [(0 ± 0)27r 1201] 

± 0.64- cos [(I 0)27 120d 

— 0.21 • cos [( — 1 ± 0)2r 1201] 

— 0.21 cos [(2 0)27r 120d 

± 0.13. cos [( — 2 + 0)27r 1201] 

▪ 0.13.cos [(3 + 0)2r 1201] 

— 0.09 • cos [( — 3 + 0)2r 1201] 

— 0.09.cos [(4 0)27r 1201] 

▪ 0.07.cos [(- 4 ± 0)2r 120d 

a(t) = 6.4 + 4.3.cos 2r 120t — 0.8.cos 2r 2401 

▪ 0.4.cos 2r 3601 — 0.2.cos 27r 4801 

. (46) 

The graphical plesentation of the spectrum is shown in 
Fig. 11, while the numerical table can be arranged as 
shown by Table I, above. 

Fig. 10— Adjustment of the tongue for the example of Fig. 9. 
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Fig. II—Ordinary presentation of the spectrum of Fig. 10. 

CONCLUSIONS 

It is possible, by the use of a simple mechanical de-
vice similar to a slide rule, to present graphically the 
frequency spectra for an infinite series of pulses having 
amplitude modulation only. This method is very rapid 
and the pictorial presentation permits an overall evalua-
tion of the frequency spectrum. There is, actually, no 
limitation to the variety of pulse types, though only a 
few examples are described. However, one exchangeable 
part of the slider must be prepared for any pulse type. 
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RLC Lattice Networks* 
LOUIS WEINBERGt, MEMBER, IRE 

Summary—A method is presented for the realization of a general 
transfer impedance as an open-circuited lattice. The method is a 
simple one based on a partial-fraction expansion of the given func-

tion. No restriction other than that of physical realizability is placed 
on the function to be realized; thus both minimum-phase and non-
minimum-phase functions are realizable by this method. A part of 
the method allows control over the Q's of the coils used in the final 
network. The achieved lattice has the significant features of requir-
ing no mutual inductance and no perfect coils, that is, every in-
ductance appears with an associated series resistance so that in 

building the network low- Q coils may be used. 

Z12 

INTRODUCTION 

NY GENERAL t ransfer impedance may be 
written within a multiplicative constant in the 

form 

Sm + am_ism-1 + • • • + als ao  
(n + 1 ≥•. tn) 

+ bn-en-1 ± • • • + bis bo 

(s — si)(s — 53) • • • (s — s.) 

(s — 52)(s — s a) • • • (s — s.) 

p(s) 

(1) 

q(s) 

—= E2//i. 

If Zp2 is to be realizable, it is necessary that q(s) be a 
Hurwitz polynomial, that is, a polynomial with all its 
zeros in the left half-plane. For minimum-phase char-
acter of Ze, p(s) must also be of Hurwitz character; 
but the general nonminimum-phase function allows p(s) 
to have zeros anywhere in the complex plane. 

In this paper a method is presented for realizing a 
general minimum-phase or nonminimum-phase trans-
fer impedance as the open-circuited lattice shown in 
Fig. 1. For such a lattice it may easily be shown that 
the open-circuit transfer impedance is given by the 
difference of two driving-point functions, namely, 

Z12 = EZ1, — Zit). (2) 

The lattice achieved by the method presented here 
has simple arms requiring no mutual inductance and 
no pure inductances, that is, the procedure is so de-
signed that every inductance appears with an associated 
series resistance. In addition, a measure of control over 
the Q's of the coils is obtained. 
The paper will be divided into three parts. First the 

" Decimal classification: R143. Original manuscript received by 
the Institute, January 30, 1953; revised manuscript received June 1, 
1953. This paper is based on a chapter of Technical Report No. 201, 
Research Laboratory of Electronics, M.I.T. The research was con-
ducted under the supervision of Dr. E. A. Guillemin and was sup-
ported in part by the Air Materiel Command, the Army Signal Corps, 
and the Office of Naval Research. 
t Research Physicist, Hughes Aircraft Co., Culver City, Calif. 

theoretical background for the problem is presented. 
The actual steps of the synthesis procedure comprise 
the second part, and in the final part an illustrative 
example is given. 

E, 

Fig. 1—Open-circuited lattice network with Zi2=E2//1=i(Zr,-4)• 

THEORETICAL DISCUSSION OF THE PROBLEM 

For the driving-point functions of two-element kind 
networks the Foster method of synthesis can be success-
fully applied; that is, a partial-fraction expansion yields 
terms (conjugate poles taken in pairs) each of which is 
positive real and hence realizable almost by inspection. 
General RLC driving-point functions, however, intro-
duce a complication in that they may have multiple 
order poles. It is found, furthermore, that the method 
of partial-fraction expansion breaks down for both the 
simple and higher order poles. If the original function is 
not positive real but, like a transfer function, is re-
stricted only in that its poles must lie in the left half-
plane, the statement about the partial-fraction expan-
sion is of course true a fortiori. It is shown below, how-
ever, that it is possible to distribute the residues in the 
simple poles of a given Z12 so that the partial-fraction 
components of Z. and Zb are separately positive real. 
Though the procedure as applied to RC networks has 
been well known'.2 for a number of years, no one has 
yet shown its applicability to RLC networks. 
To make the ternis with multiple order poles positive 

real we apply a suggestion of Guillemin. To realize 
them as networks with lossy coils and no mutual in-
ductance, we use the Bott and Duffin procedure (or, in 
certain special cases, the Brune method) plus a tech-
nique suggested by Darlington. Guillemin' pointed out 
that the form of (2), namely, the difference of two posi-
tive real functions, allows sufficient resistance to be 
added to each impedance so that both become positive 

1 E. A. Guillemin, "RC-Coupling Networks," M.I.T. Radiation 
Laboratory Report No. 43; October 11, 1944. 

2 J. L. Bower and P. F. Ordung, "The synthesis of resistor-ca-
pacitor networks," PROC. I.R.E., pp. 263-269; March, 1950. 

3 Network Synthesis Seminar, Massachusetts Institute of Tech-
nology, Spring Term; 1951. 
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real. This reservoir of resistance, as Bode' first demon-

strated, is all that is necessary to make the partial-
fraction terms of an RLC driving-point function sepa-
rately realizable. 

Simple poles are considered first. The condition for 
realizability of the partial-fraction components of a 
positive real function is specified in a form suitable for 
the procedure of this paper. The expansion contains 
two typical terms, one with a real pole and the other 
with a pair of complex poles. It can be shown 5,6 if the 
terms are written in the alternate forms, 

le, ki  k.2. 
Z =   + +  

s + 0.1 — jwi s + al + jwi s + a 

= al + j  + 131 at — je  +  , k2  

s + cri — jcot s + et + jcot s + a 

= 2ai(s ± al — + Oitodal) k2  
(3) 

s' -F Iris ± I si 12 s + a 

2ai(s + di) k2 
—  ±  

s' + 2o-is + 1 41 2 s + a 

= zi ± Z2, 

that the condition for realizability of the real pole is 
simply that le, be positive and that realizability for the 
pair of complex poles requires al to be positive and 

I ell  
at cot 

(4) 

where cr2 and col are defined as positive numbers. In 
words, (4) states that the condition for the existence of 
a positive real partial-fraction component zi is that al 
be positive and the angle of the pole to the imaginary 
axis be greater than or equal to the angle of its residue. 
This is illustrated in Fig. 2, where angle = tan --' (fil/a,) 
must be less than or equal to the angle S = (cri/co2), 
or the residue may lie anywhere in the cross hatched 
portion of the plane. 

If the transfer function Z1, is expanded in partial 
fractions, it yields (where we have assumed a proper 
fraction, i.e., n>m, since the MN cases represent 
obvious extensions), 

z12 = — = E 
q ;41 

where n is the degree of q and 

k, = a„ je» 
SP = O,+ 

k„ 

= I 41 es. 

S — 
(5) 

(6) 

4 H. W. Bode, "Network Analysis and Feedback Amplifier De-
sign," D. Van Nostrand Co., New York, N. Y.; 1945. 

6 L. Weinberg, "New Synthesis Procedures for Realizing Transfer 
Functions of RLC and RC Networks," Technical Report No. 201, 
Research Laboratory of Electronics, 2\I.I.T.; September, 1951. 

el L. Weinberg, "A General RLC Synthesis Procedure," Conven-
tion Record of the I.R.E.; 1953. 

If, in addition, we consider the unknown impedance 
arms as expanded into partial fractions, 

where 

1 
—Z, = 
2 

k5 (b) 

s — s„ 

k„(*) 

S — Sp 

k,‘(b) = ap (b) jeu(b) =. ke(b) 

k„(6) = a,/ 0) if3p(a) = kp(a) I el'em (e)f 

then by substituting (5) and ( 7) in (2) and equating 
residues in like poles, we obtain, 

k„ = k„(b) — k„(a). (9) 

(7) 

IMAGiNARY 

(8) 

REAL 

Fig. 2—Geometrical illustration of pole and residue relationship. 

Since we now desire each partial-fraction term of ( 7) 
to be positive real, the discussion relating to (3) and (4) 
is applicable. If s5 is real, k5 is positive or negative real, 
and a simple distribution of the residues is 

k5(b) = k5; k, (4) = 0, if le, > 01. 

k„(b) = 0; Va) = k„, if k„ < d • 
For complex poles, using the angles defined in (6) and 
(8), we may rewrite (4), the condition to be satisfied 
for Zb and Z. to have the desired realization, as 

ir 
I (b) I < I #0 I — —2 

I 
2 

(10) 

It can easily be shown analytically that this condition 
can always be fulfilled; however, a geometrical proof' is 
in this case quite simple and convincing, and it is there-
fore given below. 

7 Geometrical form of proof due to W. H. Kautz. 



1953 Weinberg: RLC Lattice Networks 1141 

In Fig. 3 is shown the representation in the complex 
plane of (9), which makes it clear that what is neces-
sary to satisfy (11) is a choice of point M that makes 
the angles of kg(a) and le„(6) as small as desired. It can be 

REAL 

Fig. 3—Geometrical representation of 

observed by inspection that the angles may be made 
arbitrarily small, but for a rigorous proof, we consider 
Fig. 4 for the three cases of a, positive, a, negative, and 
em equal to zero. The construction is indicated in the 
figures where all angles marked with dimension lines are 
equal to I tp, - 7r/2. Merely using the fact of the equality 
of alternate interior angles formed by a line intersect-
ing parallel lines, we observe that at the apex of the cross 

hatched portion 10P(a) I = 10g (b) = 11Pm1 -7r/2, while 
along the lower (upper) boundary line, ri,„(6)(0„(0) re-
mains constant and se,z(a)(ct.„(0) changes. Inside the 
crosshatched area both angles decrease in magnitude. 
As for I ku(c) I and I Vol , their minimum values occur 
simultaneously at the apex of the crosshatched area if 

-7r/2 ;57r/4. 
It is often of practical importance to control the Q's 

of the coils used in the synthesis of the partial-fraction 
components. Each component, that is, a pair of complex 
poles, can be realized by the network in Fig. 5, so 

2a„(s u, — 

= s' 2u„s + I s,I2 

2a,(s d,) 

s' 2cr,s + 1s,1 2 

+ 

LOCUS 
OF 

POINT U 

(a) Locus of M (crosshatched portion) for ap positive. 

LOCUS 
OF 

POINT IA 

(b) Locus of M (crosshatched portion) for ap negative. 

REAL 

REAL 

REAL 

(c) Locus of M (crosshatched portion) for ifi„=0 and cy,‘ positive 

Fig. 4—Locus of point M for satisfaction of (11), where all angles 
marked with dimension lines= j#,LI — 7r/2. 

(12) necessary that the value of d, be as close as possible to 
its maximum value 2e„. This is brought about by caus-
ing Ctsµ(6) and 4)„(b) to be negative and of large magnitude. 
Since by definition 

1?„ + 1 s + R, 
Cli[s2 ( 1 L„ R'C„)\ L,1? ±„' C, L„C, 

The pole closest to the j-axis will determine the mini-
mum value of Q, that will satisfy every partial-fraction 
realization, where the definition is used 

co„ 044, 
= dm = R, (13) 

In order to use coils with as low Q as possible, it is 

then 

QM 

Cr» PRWP/a1+9 (14) 

u, (3, 

Wp co„ 

tan ( — 7/2) — tan (km. (15) 

If we desire all Q„ to be less than a given value 
Q., then we must make 40µ(a) and 4)„(10 satisfy the 
relation for 40„ given by 
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tan ciy„ < tan ( I — ir/2) — 1 (16) 
Qr. 

The above completes the treatment for first order 
poles. The technique providing for poles of multiple 
order is explained below. 
Suppose that the given function possesses, in addition 

to simple poles, a pole of order t at the point si, where SI 
is a negative real number. (Using a real pole to illustrate 
the procedure represents no loss in generality, since 
complex poles are handled similarly; it is understood, 
however, that as a first step conjugate poles of the same 
order are combined into one terni.) Corresponding to 
this pole there will be t terms in the partial-fraction 
expansion. These combined into one fraction yield 

ki2  
I-1-F • 

(s — si) (s — si) 

kit r(s) 
(17) 

(s — (S — 

In general this function will not be positive real. Even 
if it were, the realization as a driving-point impedance 
with lossy coils and no mutual inductance would not 
always be possible. To make such a form possible in all 
cases, we predistort the function,8 that is, we substitute 
(s— d) for s, where d represents the desired R/L ratio. 
It is important to note that d must be less than the dis-
tance of the multiple order pole from the j-axis. The 
substitution yields a new function which can be written 

g(s) m, + 
P(s) = — -= 

h(s) m2 -I- n2 
(18) 

where nz, and ni are defined respectively as the even 
and odd parts of the numerator, while m2 and n2 play 
the same roles for the denominator. The real part8 of 
P(s) on the j-axis is given by (inim2—nin2)/(m22— n22) 
evaluated at s =jco. In order for P(s) to be positive real 
it is necessary and sufficient that its real part on the 
j-axis be non-negative for all co. We need only differenti-
ate Re [P(jco)] with respect to co in order to find its 
minimum values. No problem occurs if the smallest 
minimum is positive; the function is then positive real. 
However, when the smallest minimum is negative, the 
addition of a positive constant R, where R is equal to or 
greater than the magnitude of the minimum, makes the 
function positive real. This function is then identified 
as one of the components of Zb/2, and R is the addi-
tional component of Za/2. The realization of (P(s)+R) 
may now be carried out by the Bott and Duffin 

8 S. Darlington, "Synthesis of reactance four-poles," Jour. Math. 
Phys., vol. 18, op. 257-353; September, 1939. 

9 E. A. Guillemin, "The Mathematics of Circuit Analysis," John 
Wiley and Sons, Inc., New York, N. Y.; 1949. 

method"." and the network obtained is then altered to 
correct for the predistortion: for every L a series 
combination of L and a resistance of Ld ohms is sub-
stituted, while every C is replaced by a parallel combina-
tion of C and a conductance of Cd mhos. It is thus evi-
dent that the network corresponding to the multiple 
order pole contains no mutual or ideal inductances. 

It is useful to point out that in many cases the Brune 
procedure" is computationally simpler than the Bott 
and Duffin method and, more important, yields a 
simpler network without mutual inductance. Such cases 
are characterized by the fact that the even function 
Re[P(jco)] has all its zeros occurring for real co. When 
this characteristic is made to occur, then the Brune 
procedure becomes simply a continued-fraction expan-
sion and the corresponding network a lossless one ter-
minated in resistance. This caseoccurs, for example, when 
(rnim2— tic/ix) equals a constant so that the real part has 
all its zeros at infinite co. 

000 

1.» 

Fig. 5—Network realization of pair of complex conjugate poles 
where z, is given by ( 12). 

STEPS IN THE SYNTHESIS PROCEDURE 

The basic steps of the procedure may now be sum-
marized as follows: 

1. Expand the given transfer function in partial frac-
tions. 

2. Distribute the residues in the simple poles of Z12 
to Za/2 and Zb/2 in accordance with the discussion of 
the previous part. For the real poles, the distribution 
of ( 10) is used. For the complex poles calculate the 
angles -7r/2 = tan-i(o.„/co„) and then find residues 
k„(a) and k„ (8) by use of (9), at the same time satisfying 
the positive real condition given by ( 11). Or, more 
simply merely use (9) and the form of positive real con-
dition given by (4), for which no angles need be calcu-
lated. A simple geometrical construction may often be 
helpful for this step. 

3. For the simple poles realize the lattice arms in the 
Foster manner as simple series connections of canonic 
forms of networks. The RLC network of Fig. 5 cor-
responds to complex poles and a parallel RC combina-
tion is the canonic form for each of the real poles. 

1(' R. Bott and R. J. Duffin, Jour. Appi. Phys., vol. 20, p. 816; 
August, 1949. 
'1 E. A. Guillemin, "Summary of Modern Methods of Network 

Synthesis," Advances in Electronics, vol. 3, Academic Press, New 
York, N. Y.; 1951. 
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4. If multiple order poles occur, they are realized as 
outlined above and then added to the appropriate arms 
in series with the canonic forms corresponding to the 

simple poles. 
The above completes the discussion of the synthesis 

procedure. 

ILLUSTRATIVE EXAMPLE 

It is desired to realize the following nontninimum-

phase transfer impedance 

z12 q (s2+ 2s + 5)(s2 + 4s + 13)(s + 4) 

s4 — 4s3 + 7s2 — 24s + 36 

as an open-circuited lattice. The partial-fraction ex-

pansion is of the form 

k1 k2 k3 

Z12 =     conujgates +  
+ 1 — j2 s▪  + 2 — j3 s + 4 

where the residues are given by 

k, [(s — s) 

It is a fairly tedious process to substitute a complex 
number in a high-degree polynomial. It is the writer's 
observation that many engineers still endure the tedium 
as inevitable. Since expansion in partial fractions is re-
quired of the student of synthesis quite often, we give 
below two methods for finding the value of a poly-
nomial at a complex point; each of the methods is 
merely a simple application of the Remainder Theorem 

in algebra. 
One procedure consists in using synthetic division to 

reduce the roots of the polynomial by an amount equal 
to the real part of the complex number. Then the imag-
inary part of the number is easily substituted into the 

transformed polynomial to yield the original poly-
nomial evaluated for the total complex number. Thus 
in obtaining the numerator's contribution to the residue 
kb we first perform synthetic division: 

1 —4 7 —24 36 1 — 1  

—1 5 — 12 36 

1 —5 12 —36 

—1 6 — 18 

1 —6 18 

—1 7 

1 —7 

—1 

1 I — 8. 

25 

—54 

The transformed polynomial is 

72 

— 8s3 25s2 — 54s + 72, 

which yields, upon substitution of s =j2, 

16 + j64 — 100 — j108 + 72 = — 12 — j44. 

This is thé value of the numerator for the pole 
si= — 1 +j2. The denominator may be evaluated in the 
same way, or, since it is in factored form, it may be 
evaluated in a straightforward manner. 
The second procedure requires the long division of the 

high-degree polynomial by the quadratic polynomial 
corresponding to a pair of complex conjugate roots, one 
of which is the point at which we wish to evaluate the 
polynomial of high degree. We obtain a linear term as a 
remainder, which, when evaluated at the desired point, 
yields the value of the original polynomial at this point. 

For example, in again evaluating kt, 

s' — 6s + 14 

s2 + 2s + 5 I s' — 4s3 + 7s2 — 24s + 36 

s' + 2s3 + 5s2 

— 6s3 2s2 — 24s 

— 6s3 — 12s2 — 30s 

14s2 + 6s + 36 

1452 + 28s + 70  

— 22s — 34. 

The linear remainder, (— 22s— 34), evaluated at 
si= — 1 +j2, yields the same value as before, 
(-12 —j44), as the value of the numerator polynomial. 

If the reader compares these methods with some he 
may have used, e.g., substituting the si in its magnitude-
exponential angle form into the polynomial and then 
using trigonometric tables (giving many decimal places 
in order to maintain accuracy) to solve for the real and 
imaginary parts of each term, he will readily observe the 
economy of time and labor. The values of the residues 

are now 

ki = ai j131 = — 0.05621 + j0.43491 

k2 = «2 + .1132 = — 1.68047 + j0.20020 

k3 = a3 = 4.47337. 

Using the above values and the ratios of the real to 
the imaginary part of each of the complex poles, we 
obtain values of k„(a) and k. (6) that satisfy the positive 

real requirement. They are 

ki(a) = 2.05621 — j0 . 93491 /elm = 2.00 — j0.50 

k2(a) = 4.68047 — j2.20020 k2(1) = 3.00 — j2.00 

k3(.) = O k3(b) = 4.47337. 

The lattice arms are therefore given by 

8 . 22484(s + 1 . 90935) 18 . 72188(s + 3.41024) 
Z. —   

.s3 + 2s + 5 s' + 4s + 13 
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and 
8.00(s + 1.5) 12.00(s + 4) 4.47337 

Zb —   
s2 + 2s + 5 s' + 4s + 13 s + 4 

Deriving the element values from the above, we 
finally obtain the lattice shown in Fig. 6. This lattice 
has the desired transfer impedance. 

CONCLUSION 

A simple method has been demonstrated for the real-
ization of any minimum-phase or nonminimum-phase 
transfer impedance as an open-circuited lattice. The 
arms of the lattice are of a simple form and contain no 
mutual inductance. Any inductance used in the lattice 

always appears with an associated series resistance so 
that low-Q coils may be used in building the network. 
The procedure presented allows a measure of control 
over the Q's of the coils used in the final network. 

OHMS, HENRYS, FARADS 

Fig. 6—Lattice obtained for illustrative example where ZI2 P/q 

FEEDBACK THEORY Some Properties 
of Signal Flow Graphs* 
SAMUEL J. MASONt, SENIOR II.MBER, IRE 

The following paper appears through the courtesy and with the approval of the IRE Profes-
sional Group on Circuit Theory—The Editor. 

Summary—The equations characterizing a systems problem may 
be expressed as a network of directed branches. (The block diagram 
of a servomechanism is a familiar example.) A study of the topologi-
cal properties of such graphs leads to techniques which have proven 
useful, both for the discussion of the general theory of feedback and 
for the solution of practical analysis problems. 

I. INTRODUCTION 

ASIGNAL FLOW GRAPH is a network of di-
rected branches which connect at nodes. Branch 
jk originates at node j and terminates upon node 

k; its direction is indicated by an arrowhead. A simple 
flow graph is shown in Fig. 1(a). This particular graph 
contains nodes 1, 2, 3, and branches 12, 13, 23, 32, and 
33. The flow graph may be interpreted as a signal trans-
mission system in which each node is a tiny rep:_•ater 
station. The station receives signals via the incoming 

branches, combines the information in some manner, 
and then transmits the result along each outgoing 
branch. If the resulting signal at node j is called x5, the 

* Decimal classification: R363.23. Original manuscript received 
by the Institute, September 5, 1952. This work has been supported 
in part by the Signal Corns, the Air Materiel Command, and the 
Office of Naval Rese2rch. The paper is based on a doctoral thesis in 
the Department of Electrical Engineering, :\ 1.I.T., 1951. 
t Research Laboratory of Electronics, Massachusetts Institute of 

Technology, Cambridge, Mass. 

flow graph of Fig. 1(a) implies the existence of a set of 
explicit relationships 

xi = a specified quantity or a parameter 

X2 = /3(xii x3) 

=1-3(xi, x2i x3). 

(a) 
I 2 3 

2 3 

e2C1)I 2 3 

Fig. 1--Flow graphs. 

(1) 

The first equation alone would be represented as a single 
isolated node; whereas the second and third, each ti,k2n 
by itself, have the graphs shown in Fig. 1(b) and Fig. 
1(c). The second equation, for example, states that sig-
nal x2 is directly influenced by signals x1 and x3, as indi-
cated by the presence of branches 12 and 32 in the 
graph. 

This report will be concerned with flow graph topol-
ogy, which exposes the structure (Gestalt) of the associ-
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ated functional relationships, and with the manipulative 
techniques by which flow graphs may be transformed or 
reduced, thereby solving or programming the solution 
of the accompanying equations. Specialization to linear 
flow graphs yields results which are useful for the dis-
cussion of the general theory of feedback in linear sys-
tems, as well as for the solution of practical linear analy-
sis problems. Subsequent reports will deal with the 
formal matrix theory of flow graphs, with sensitivity 
and stability considerations, and with more detailed 
applications to practical problems. The purpose here is 
to present the fundamentals, together with simple il-
lustrative examples of their use. 

II. THE TOPOLOGY OF FLOW GRAPHS 

Topology has to do with the form and structure of a 
geometrical entity but not with its precise shape or size. 
The topology of electrical networks, for example, is 
concerned with the interconnection pattern of the cir-
cuit elements but not with the characteristics of the 
elements themselves. Flow graphs differ from electrical 
network graphs in that their branches are directed. In 
accounting for branch directions it is necessary to take 

an entirely different line of approach from that adopted 
in electrical network topology. 

A. Classification of paths, branches, and nodes 

As a signal travels through some portion of a flow 
graph, traversing a number of successive branches in 
their indicated directions, it traces out a path. In Fig. 2, 
the sequences 1245, 2324, and 23445 constitute paths, 
as do many other combinations. In general, there may 
be many different paths originating at a designated 
node j and terminating upon node k, or there may be 
only one, or none. For example, no path from node 4 
to node 2 appears in Fig. 2. If the nodes of a flow graph 
are numbered in a chosen order from 1 to n, then one 
may speak of a forward path as any path along which 
the sequence of node numbers is increasing, and a back-
ward path as one along which the numbers decrease. 
An open path is one along which the same node is not 
encountered more than once. Forward and backward 

paths are evidently open. 

3 

Fig. 2—A flow graph with three feedback branches and four 
cascade branches. 

Any path which returns to its starting node is said 
to be closed. Feedback now enters directly into the dis-
cussion for the first time with the definition of a feed-
back loop as any set of branches which forms a closed 
path. The flow graph of Fig. 2 has closed paths 232 (or 

323) and 44. Multiple encirclements such as 23232 or 
444 also constitute closed paths but these are topo-
logically trivial. Notice that some paths, such as 12324, 
are neither open nor closed. 
One may now classify the branches of a flow graph as 

either feedback or cascade branches. A feedback branch 
is one which appears in a feedback loop. All others are 
called cascade branches. Returning to Fig 2, it is seen 
that 23, 32, and 44 are the only feedback branches 
present. If each branch in a flow graph is imagined to be 
a one-way street, then a lost automobilist who obeys 
the law may drive through Feedback Street any number 
of times but he can traverse Cascade Boulevard only 
once as he wanders about in the graph. 
The nodes in a flow graph are evidently susceptible 

to the same classification as branches; that is, a feedback 
node is one which enters a feedback loop. Two nodes or 
branches are said to be coupled if they lie in a common 
feedback loop. Any node not in a feedback loop is called 
a cascade node. Two special types of cascade nodes are 
of interest. These are sources and sinks. A source is a 
node from which one or more branches radiate but upon 
which no branches terminate. A sink is just the opposite, 
a node having incoming branches but no outgoing 
branches. Fig. 2 exhibits feedback nodes 2, 3, 4, a source 
1, and a sink 5. It is possible, of course, for a cascade 
node to be neither a source nor a sink. The intermediate 

nodes in a simple chain of branches are examples. 

B. Cascade graphs 

A cascade graph is a flow graph containing only cas-
cade branches. It is always possible to number the nodes 
of a cascade graph in a chosen sequence, called the 
order of flow, such that no backward paths exist. For 
proof of this, observe that a cascade graph must have 
at least one source node. Choose a source, number it one, 
and then remove it, together with all its radiating 
branches. This removal leaves a new cascade graph 
having, itself, at least one source. Again choose a source, 
number it two, and continue the process until only iso-
lated nodes remain. These remaining nodes are the 
sinks of the original graph and they are numbered last. 
It is evident this procedure establishes an order of flow. 

Fig. 3—Cascade graphs. 

Fig. 3 shows two simple cascade graphs whose nodes 
have been numbered in flow order. The numbering of 
graph 3(a) is unique, whereas other possibilities exist for 
graph 3(b); the scheme shown in graph 3(c) offers one 
example. 
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C. Feedback graphs 

A feedback graph is a flow graph containing one or 
more feedback nodes. A feedback unit is defined as a 
flow graph in which every pair of nodes is coupled. It 
follows that a feedback unit contains only feedback 
nodes and branches. If all cascade branches are re-
moved from a feedback graph, the remaining feedback 
branches form one or more separate feedback units 
which are said to be imbedded or contained in the original 
flow graph. The graph of Fig. 1, for example, contains 
the single unit shown in Fig. 4(a), whereas the two units 
shown in Fig. 4(b) and (c) are imbedded in the graph 
of Fig. 2. 

2 

4 

Cc) 

oTc 

Fig. 4—Feedback units. 

The units shown in Fig. 4(d) and (e) each possess 
three principal feedback loops. The number of loops, 
however, is not of great moment. A more important 
characteristic is a number called the index. Preparatory 
to its definition, let one introduce the operation of node-
splitting, which separates a given node into a source and 
a sink. All branch tails appearing at the given node 
must, of course, go with the source and all branch noses 
with the sink. The result of splitting node 2 in Fig. 4(d) 
is shown in Fig. 4(f). Similarly, Fig. 4(g) shows node 
1 of Fig. 4(e) in split form. The original node num-
ber may be retained for both parts of the split node, 
indicating the sink by a prime. Splitting effectively in-
terrupts all paths passing through a given node and 
makes cascade branches of all branches connected to 
that node. 
The index of a feedback unit can now be conven-

iently defined as the minimum number of node-splittings 
required to interrupt all feedback loops in the unit. For 
the determination of index, splitting a node is equiva-
lent to removing that node, together with all its con-
necting branches. 
The index of the graph in Fig. 4(d) is unity, since all 

feedback loops pass through node 2. Graph 4(e), on the 
other hand, is of index two. 

D. The residue of a graph 

A cascade graph represents a set of equations which 
may be solved by explicit operations alone. Fig. 5, for 
example, has the associated set 

X2 = f2(xi) 

x3 = /3(x1, x2) 

= .f4(x2i x3). (2) 

Given the value of the source xi, one obtains the value 
of xi by direct substitution 

X4 = f4 f2(X1), f3 [Xl, f2(xi) ]1 F4(xi)• (3) 

In general, there may be s different sources. Once an 

order of flow is established, a knowledge of the source 
variables xi, x2, • • • , x8 fixes the value of x.+1, since no 
backward paths from later nodes to x i can exist. 
Similarly, with x2, xi, • • • , x84.1 known x.+2 is deter-
mined explicitly, and so on to the last node X. A cascade 
graph is immediately reducible, therefore, to a residual 
form in which only sources and sinks appear. The residu-
al form of Fig. 5 is the single branch shown in Fig. 6(a), 
which represents (3). Had two sources and two sinks 
appeared in the original graph, the residual graph would 
have contained, at most, four branches, as indicated by 
Fig. 6(b). 

Fig. 5—A cascade graph. 

SINK 

4 

SOURCO SOURCE 

SINK 

lo ) ( b 

Fig. 6—Residual forms of a cascade graph. 

Unlike those associated with a cascade graph, the 
equations of a feedback graph are not soluble by explicit 
operations. Consider the simple example shown in Fig. 1. 
An attempt to express x3 as an explicit function of xi 
fails because of the closed chain of dependency between 
x2 and x3. Elimination of x2 from ( 1) by substitution 
yields 

x3 = f3[xi, f2(xi, x3), x3] = F3(xi, x3). (4) 

Although a feedback graph cannot be reduced to 
sources and sinks by explicit means, certain superfluous 
nodes may be eliminated, leaving a minimum number of 
essential implicit relationships exposed. 

In any contemplated process of graph reduction, the 
nodes to be retained in the new graph are called residual 
nodes. It is convenient to define a residual path as one 
which runs from a residual node to itself or to another 
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residual node, without passing through any residual 
nodes. The residual graph, or residue, has a branch jk if, 
and only if, the original graph has one or more residual 
paths from j to k. This completely defines the residue 
of any flow graph for a specified set of residual nodes. 

\Ve are interested here in a reduction which can be 
accomplished by explicit operations alone. The defini-
tion of index implies the existence of a set of index 
nodes, equal in number to the index of a graph, whose 
splitting interrupts all feedback loops in the graph. The 
set is not necessarily unique. Once a set of index nodes 
has been chosen, however, all other nodes except sources 
and sinks may be eliminated by direct substitution, 
leaving a residual graph in which only sources, sinks, 
and index nodes appear. Such a graph shall be called the 
index-residue of the original graph. 

Fig. 7 shows a flow graph (a) and its index-residue 
(b). Residual nodes are blackened. Branch 25 in ( b) 
accounts for the presence of residual paths 245 and 235 
in (a). All paths from 2 to 6 in (a) pass through residual 
node 5. Hence graph 7(a) has no residual paths from 2 
to 6, since a residual path, by definition, may not pass 
through a residual node. Accordingly, graph 7(b) has no 
branch 26. Fig. 7(c) illustrates an alternate choice of 
index nodes and Fig. 7(d) shows the resulting index-
residue. Choice (a) is apparently advantageous in that 
it leads to a simpler residue. 

Fig. 7—Feedback graphs and their index-residues. 

2 3 

(a) 

2 3 3 

(DI 

• • 
2 3 

(a) 

Fig. 8—Retention of a desired node as a sink. 

A minor dilemma arises in the reduction process if 
one desires, for some reason, to preserve a node which is 
neither an index node nor a sink. In Fig. 8(a), for exam-
ple, suppose that an eventual solution for x3 in terms of 
xi is required. A node corresponding to variable x3 must 
be retained in the residual graph. Apparently, no further 
reduction is possible. The simple device shown in Fig. 
8(b) may be employed, however, to obtain the residue 
(c). The trick is to connect node 3 to a sink through a 
branch representing the equation x3= x3. The original 
node 3 then disappears in the reduction, leaving the 

desired value of x3 available at the sink. This trick is 
simple but topologically nontrivial. 

E. The condensation of a graph 

The concept of an order of flow may be applied, in 
modified form, to a feedback graph as well as to a 
cascade graph. Consider the feedback graph in Fig. 
9(a), which contains two feedback units. If each im-
bedded feedback unit is encircled and treated as a single 
supernode, then the graph condenses to the form shown 
in Fig. 9(b), where supernodes are indicated by squares. 
Since the condensation is a cascade structure, an order 
of flow prevails. Within each supernode the order is 
arbitrary, but we shall agree to number the internal 
nodes consecutively. 

(01 (D) 

Fig. 9—The condensation of a flow graph. 

The index-residue of a flow graph shows the mini-
mum number of essential variables which cannot be 
eliminated from the associated equations by explicit 
operations. The condensation of the residue programs 
the solution for these variables. In Fig. 9(b), for exam-
ple, the condensation directs us to specify the value of 
xl, to solve a pair of simultaneous equations for x2 and 
x3, to solve a single equation for x4, and to compute x2 
explicitly. The complexity of the solution, without re-
gard for the specific character of the mathematical opera-
tions involved, is indicated by the number of feedback 
units and the index of each, since the index of a feed-
back unit is the minimum number of simultaneous 
equations determining the variables in that unit. 

Carrying the condensation one step further, the basic 
structural character of a given flow graph may be in-
dicated by a simple listing of its nodes in the order of 
condensed signal flow, with residual nodes underlined 
and feedback units overlined. The sequence 

1 2 3 4 5 6 7 8 9 10 11 12 _ _ _ 

for example, states that nodes 1 and 2 are sources, 7 and 
11 are cascade nodes, and 12 is a sink. Also, nodes 3, 4, 
5, 6 lie in a feedback unit of index two, having index 
nodes 4 and 5. Finally, nodes 8, 9, 10 comprise a later 
feedback unit of index one, 8 being the index node. 

F. The inversion of a path 

A single constraint or relationship among a number 
of variables appears topologically as a cascade graph 
containing one sink and one or more sources. Fig. 10(a) 
is an elementary example. At least in principle, nothing 
prevents the solving of the equation in Fig. 10(a) for 
one of the independent variables, say xi, to obtain the 
form shown in Fig. 10(b). In terms of the flow graph, 
it may be said, that branch 14 has been inverted. 
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By definition, the inversion of a branch is ac-
complished by interchanging the nose and tail of that 
branch and, in moving the nose, carrying along all other 
branch noses which touch it. The tails of other branches 
are left undisturbed. The inversion of a path is effected 
by inverting each of its branches. 

om32 

1 4 

x4 x2 . x3 

(o) 

Fig. 10—Inversion of a branch. 

Fig. 11 shows (a) a flow graph, (b) the inversion of an 
open path 1234, and (c) the inversion of a feedback 
loop 343. To obtain (c) from (a), for example, first 
change the directions of branches 34 and 43. Then grasp 
branch p by its nose and move the nose to node 4, 
leaving the tail where it is. Finally, the nose of branch 
q is shifted to node 3. Branches 12 and 32 are unchanged 
since they have properly minded their own business 
and kept their noses out of the path inversion. Topo-
logically, the two parallel branches running from 4 to 3 
are redundant. One such branch is sufficient to indicate 
the dependency of x3 upon x4. 

2 P 3 4 

(o) 

2 3 4 1 

(b)1234 (c) 343 

Fig. 11—Path inversions. 

The inversion of an open path is significant only if 
that path starts from a source. Otherwise, two expres-
sions are obtained for the same variable and two nodes 
with the same number would be needed in the graph. 
In addition, inversion is not applicable to a feedback 
loop which intersects itself. The reason is that two of the 
path branches would terminate upon a common node. 
Hence the inversion of one would move the other, 
thereby destroying the path to be inverted. Such paths 
as 234 and 23432 in Fig. 11(a), therefore, are not candi-
dates for inversion. 
The process of inversion, as might be expected, influ-

ences the topological properties of a flow graph. Of 
greatest interest here is the effect upon the index. 
Graphs (a), (b), and (c) of Fig. 11 have indices of two, 
zero, and one, respectively. In general, paths parallel 
to a given path contribute to the formation of feedback 
loops when the given path is inverted, and conversely. 

Hence, should one wish to accomplish a reduction of 
index, he should choose for inversion a forward path 
having many attached backward paths but few parallel 
forward paths. 

III. THE ALGEBRA OF LINEAR FLOW GRAPHS 

A linear flow graph is one whose associated equations 
are linear. The basic linear flow graph is shown in Fig. 12. 
Quantities a and b are called the branch transmissions, 
or branch gains. Thinking of the flow graph as a signal 
transmission system, each branch may be associated 
with a unilateral amplifier or link. In traversing any 
branch the signal is multiplied, of course, by the gain 
of that branch. Each node acts as an adder and ideal 
repeater which sums the incoming signals algebraically 
and then transmits the resulting signal along each out-
going branch. 

z = ax + by 

Fig. 12—The basic linear flow graph. 

A. Elementary transformations 

Fig. 13 illustrates certain elementary transformations 
or equivalences. The cascade transformation (a) elim-
inates a node, as does the start-to-mesh transformation 
(c), of which (a) is actually a special case. The parallel or 
multipath transformation (b) reduces the number of 

(b) 

(cl 

o  ab 

o  o4.1) 

 o 

Fig. 13—Elementary transformations. 

o 

branches. These basic equivalences permit reduction to 
an index-residue and give, as a result of the process, 
the values of branch gains appearing in the residual 
graph. Fig. 14 offers an illustration. The residual nodes 
are the source 1, the sink 4, and the index node 2. Node 
3 could be chosen instead of node 2, but this would lead 
to a more complicted residue. The star-to-mesh equiva-
lence eliminates node 3 in graph 14(a) to give graph 
14(b). The multipath transformation then yields the 
residue (c). 
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For more complicated structures the repeated use of 
many successive elementary transformations is tedious. 
Fortunately, it is possible under certain conditions to 
recognize the branch gains of a residue by direct inspec-
tion of the original diagram. In order to provide a sound 
basis for the more direct process, a path gain shall be 
defined as the product of the branch gains along that 
path. In addition, the residual gain GA is defined as the 
algebraic sum of the gains of all different residual paths 
from j to k. As defined previously, a residual path must 
not pass through any of the residual nodes which are to 
be retained in the new graph. It follows that each branch 
gain of the residue is equal to the corresponding residual 
gain GA of the original graph. Moreover, if the residual 
graph is an index-residue, then each GA is the gain of a 
cascade structure and contains only sums of products of 
the original branch gains. For index-residues, therefore, 
the gains G pc are relatively easy to evaluate by inspec-
tion. 

923 g32 

923 934 

9 24 

lb) 

gi2 2 

g 23 932 

(c) 

4 

Fig. 14—Reduction to an index-residue by elementary 
transformations. 

The feedback graph of Fig. 15(a), for example, has an 
index-residue (b) containing four branches. By inspec-
tion of the original graph, the residual gains are found 
to be 

G13 = gi2g23 

G15 = gi2g25 

G33 = g32g23 g34g42g23 g34g43 

G35 = g34g45 + g32g25 + g34g42g25. 

942 

(0) 

G 33 

Fig. 15—Reduction to an index-residue by inspection. 

(5) 

Notice that there are three different residual paths from 
node 3 to itself and also from 3 to 5. Be very careful to 
account for all of them. There is only one residual path 
from 1 to 5, however, and this is 125. Path 12345, which 

one might be tempted to include in G15, is not residual, 
since it passes through node 3. 

B. The effect of a self-loop 

When a feedback graph is simplified to a residue con-
taining only sources, sinks, and index nodes, one or 
more self-loops appear. The effect of a self-loop at any 
node upon the signal passing through that node may 
be studied in terms of Fig. 16(a). The signal existing at 
the central node is transmitted along the outgoing paths 
as indicated by the detached arrows. The signal return-
ing via the self-loop is gx, where g is the branch gain 
of the self-loop. Since signals entering the node must add 
algebraically to give x, it follows that the external signal 
entering from the left must be (1 —g)x. The node and 
self-loop, therefore, may be replaced by a single branch 
(b) whose gain is the reciprocal of ( 1—g). When several 
branches connect at the node, as in Fig. 16(c), it is easy 
to see that the proper replacement is that shown in 
Fig. 16(d). Quantity g is usually referred to as the loop 
gain and 1 —g is called the loop difference. 

(0) 

(0) 

a 
( b) 

Fig. 16—Replacement of a self-loop by a branch. 

Approaching the self-loop effect from another view-
point, Fig. 16(b) may be treated as the residual form 
of Fig. 16(a). This is not, of course, an index-residue. 
The gain G of (b) is the sum of the gains of all residual 
paths from the source to the sink in (a). One path passes 
directly through the node, the second path traverses the 
loop once before leaving, the third path circles the loop 
twice, and so on. Hence the residual gain is given by 
the infinite geometrical series 

1 
G = 1 g g2 g3 = 

1 — g 
(6) 

which sums to the familiar result. The convergence of 
this series, for I gj <1, poses no dilemma in view of the 
validity of analytic continuation. The result holds for 
all values of g except the singular point g = 1, near 
which the transmission G becomes arbitrarily large. 
The self-loop-to-branch transformation places in evi-

dence the basic effect of feedback as a contribution to 
the denominator of an expression for the gain of a 
graph in terms of branch gains. In this algebra, feedback 
is associated with division or, more generally, with the 
inversion of a matrix whose determinant is not iden-
tically equal to unity. 
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(o) 

C. The general index-residue of index one 

If attention be restricted to a single source and a 
single sink, then the most general index-residue of index 
one, or first-index-residue, is that shown in Fig. 17(a). 
Other sources or sinks in the system may be considered 
separately, without loss of generality, since the system 
is linear and superposition applies. A knowledge of the 
self-loop-to-branch transformation enables one to write 
the (source to sink) gain of graph 17(a) by inspection. 
The gain is 

be 
G = d +  

1 — a 
(7) 

When the total index of the graph is greater than one, 
as in Fig. 17(b), it is still a simple matter to find the 
gain, provided each imbedded feedback unit is only of 
first index. For graph 17(b) 

ef bcf 
G g + +  (8) 

1 — d (1 — a)(1 — d) 

With practice, the gain of a graph such as that of Fig. 
15(a) can be written at a glance, without bothering to 
make an actual sketch of the residue. The principal 
source of error lies in the possibility of overlooking a 
residual path. 

(b) 

Fig. I7—Residues having first-index feedback units. 

Of special interest is the theorem that if each feed-
back unit in a graph is a simple ring of branches, the 
gain of that graph is equal to the sum of the gains of all 
open paths from source to sink, each divided by the loop 
differences of feedback loops encountered by that path. 
For illustration, this theorem shall be applied to the 
graph shown in Fig. 18. There are nine different open 
paths from the source to the sink and each one makes 
contact with the feedback loop. The resulting gain is 

G= ah+ bd h+ cgdh+ aei+ bdei+ cgdei+ aefj+bdefj+ 
  (9) 

1— defg 

Fig. 18—A simple ring imbedded in a graph. 

D. The general index-residue of index two 

Again taking one source and one sink at a time, the 
most general second-index-residue shown in Fig. 19, will 
be considered. 

Suppose that the self-loops are temporarily removed, 
leaving the simple imbedded ring shown in (b). Graph 
(b) exhibits five open paths from source to sink, namely 
i, ab, cd, afd, ceb; and the last four of these encounter 
the feedback loop ej. Hence the gain of graph (b) is 

G = 
ab + cd + afd + ceb 

i +   (10) 
1 — ef 

Now, in order to account for the self-loops g and h in 
graph 19(a), each path gain appearing in ( 10) need only 
be divided by the loop difference (1 —g) if that path 
passes through the upper node, and by (1—h) if it 
passes through the lower node. Paths afb, ceb, and ef, of 
course, pass through both nodes, and their gains must 
be divided by both loop differences. The resulting modi-
fication of ( 10) yields the gain of the general second-
index-residue 

ab cd afd + ceb 

— g+ 1 — h+  1    (1 — g)(1 — h) 
G = i +   

1 ef 
(1 — g)(1 — h) 

(a ) (b) 

Fig. 19—The general second-index-residue with ;Ind without 
self- loops. 

The derivation of this formula is important only as a 
demonstration of the power of the method. To find the 
source-to-sink gain of any graph whose feedback units 
are no worse than second index, we reduce to an index-
residue; temporarily remove the self-loops; express the 
gain as the sum of open path gains, each divided by the 
loop differences of feedback loops touching that path; 
and modify the result to account for the original self-
loops. 

bo 

(a) 

b2 • 33 b0 31 

(b) 

Fig. 20—A three-stage feedback amplifier diagram. 

The importance of the method justifies a final exam-
ple. Fig. 20(a) shows the feedback diagram of a three-
stage amplifier having local feedback around each stage 
and external feedback around the entire amplifier. With 
the self-loops temporarily removed, the gain of the 
residue (b) is 

kigig2g3k2 
G =   (12) 

1 — g2(b2 gsbogs) 
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Since all paths appearing in ( 12) touch both index nodes, 
the actual gain of the amplifier is 

kik2gig2g3 

G = 
(1 — bigi)(1 — b3g3) 

1 g2(b2 bOgIg3) 

(1 — bigi)(1 — b3g3) 

k1k2gig2g3 

(1 — 1)10(1 — bap) — g2(b2+ bogiga) 
(13) 

E. Graphs of higher index 

The formal reduction process for an arbitrary feed-
back graph involves a cycle of two steps. First, reduction 
to an index-residue; and second, replacement of any 
one of the self-loops by its equivalent branch. Exactly 
n such cycles are required for reduction to cascade form. 
where n is the total index of the original graph. Trans-
formation of more than one self-loop at a time is often 
convenient, even though this may increase the total 
number of self-loop transformations required in later 
steps. In practice, of course, the formal procedure 
should be modified to take advantage of the peculiarities 
of the structure being reduced. The process effectively 
ends when the index has been reduced to two, since the 
evaluation of gain by inspection of the index-residue 
then becomes tractable. 

Fig. 21—Simple high-index structures. 

(b) 

Fig. 21 shows two graphs containing high-index feed-
back units. With the self-loops removed from the circular 
structure (a), the gain is equal to that of the single open 
forward path kia4k3 divided by the loop difference of the 
closed path k2a4, and we have 

kia4k3 
G =   (14) 

1 — k2a4 

Since both paths pass through every index node, the 
reintroduction of the self-loops yields 

kia4k3 

(1 —  b) 5 kia4k3 
G =   (15) 

1 k2a4 (1 — b) 5 — k2a4 

(1 — b)5 

The feedback chain shown in Fig. 21(b) is of third 
index. Instead of reducing it to an index-residue, take 
advantage of the simplicity of the chain structure to 
write the gain by a more direct method. First, with the 

last four loops of the chain removed, the gain is 

kik2 
G =   (16) 

1 — alb' 

Now, the addition of loop a2b2 modifies the path gain 
aibi to give 

G = 
kik2 

1 
1 — a2b2 

aibi 
(17) 

Addition of the remaining elements leads to the con-
tinued fraction 

G= 
kik2 

aibi 
1 — 

a2b2 
1 (18) 

a3b3 
1 

1 
1 — (4 3 

a4b4 

F. Loop gain and loop difference 

Thus far loop gain has been spoken of only in con-
nection with feedback units of the simple ring type. A 
more general concept of loop gain will now be intro-
duced. The loop gain of a node shall be defined as the 
gain between the source and sink created by splitting 
that node. In terms of signal flow, the loop gain of a 
node is just the signal returned to that node per unit 
signal transmitted by that node. The loop difference of a 
node is by definition equal to one minus the loop gain 
of that node. The symbol T shall be used for loop gains 
and D for loop differences. In the graph of Fig. 22(a), 
for example, the loop gain of node 1 is equal to the gain 
from 1 to l' in graph (b), which shows node 1 split into 
a source 1 and a sink 1'. By inspection 

bc bc 
Ti = a + d = 1 a 1 d (19) 

1 — —  

Another quantity of interest is the loop gain of a 
branch. Preparatory to its definition, replace the branch 
in question by an equivalent cascade of two branches, 
whose path gain is the same as the original branch gain. 

(0) 

Fig. 22—The loop gain of a node. 

This creates a new node, called an interior node of the 
branch. The loop gain of a branch may now be defined 
as the loop gain of an interior node of that branch. To 
find the loop gain of branch b in Fig. 22(a), for instance, 
first introduce an interior node 3 as shown in Fig. 
23(a). The loop gain of branch b is the gain from 3 to 3' 
in (b), 

bc 
Ti2(or = 

(1 — a)(1 — d) 
(20) 
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The loop gain of a branch can be designated by either a 
single or double subscript, whichever is a more conven-

ient specification of the branch. The double subscript is 
usually preferable, since it avoids confusion with the 
loop gain of a node. The loop gain of a given node (or 
branch) evidently involves only the gains of branches 
which are coupled to that node (or branch). Hence, in 
computing T, we need to consider only the feedback 
unit containing the node (or branch) of interest. 

(a) (1)) 

Fig. 23—The loop gain of a branch. 

Having defined the loop gain of a node, the simple 
self-loop equivalence may be extended to a more general 
form which may be stated as follows. If an external sig-
nal xo is injected into node k of a flow graph, as shown 
in Fig. 24, the injection gain from the external source 
to node k is 

Xk 1 

Gk= — = ----
Xo 1 — Tk 

1 

D k 

REMAINDFR 
OF THE 
GRAF /I 

Fig. 24—Injection at node k. 

(21) 

The very nature of the reduction process for an ar-
bitrary (finite) graph implies that the gain is a rational 
function of the branch gains. In other words, the gain 
can always be expressed as a fraction whose numerator 
and denominator are each algebraic sums of various 
branch gain products. Moreover, the gain G is a linear 

rational function of any one of the branch gains g. Thus 

G = ag b 

cg + d 

where quantities a, b, c, d aré made up of other branch 
gains. To prove this, insert two new interior nodes 
into the specified branch g, as shown in Fig. 25(a) and 
(b), and then consider the residue (c), which contains 
only the source, the sink, and the two interior nodes. 

The gain of this residue evidently can be expressed as a 
linear rational function of g. It is also apparent that if 
branch g is directly connected to either the source or the 
sink, or to both, then the source-to-sink gain G is a 
linear function of the branch gain g, that is, 

G = ag b (23) 

where a and b depend upon other branch gains. 

The foregoing results apply equally well to loop gains 
and loop differences, since T and D, by their definitions, 

have the character of gains. Any loop difference Dk is a 
rational function of the branch gains, a linear rational 
function of any single branch gain, and a linear function 
of the gain of any branch connected directly to node k. 

(a) 

(c) 

Fig. 25—The graph gain as a function of a particular branch gain. 

We shall now derive an important fundamental prop-
erty of loop differences which is of general interest. 
Consider an arbitrary graph containing nodes 1, 2, 
3, • • • , n, and let nodes m + 1, m + 2, • • • , n — 1, n be re-
moved, together with their connecting branches, so that 
only nodes 1, 2, 3, • • • , m remain. Now suppose that 
the graph is reduced to a residue showing only nodes 
m — 1, and m, as in Fig. 26. Branches a, b, c, d account 

d a 

m - I 

Fig. 26—A residue showing nodes m-1 and m. 

for all coupling among nodes 1, 2, 3, • • • , m of the 
original graph. Sources and sinks may be ignored, of 
course, since only feedback branches are of interest in 
loop difference calculations. Define the partial loop dif-
ference Di; as the loop difference of node k with only the 
first k nodes taken into account. By inspection of Fig. 26 

bc 
D„,' = 1 — d   (24) 

1 — a 

and 

= 1 — a (25) 

= ( 1 — a)(1 — d) — bc. (26) 

(22) If the numbers of nodes m — 1 and m are interchanged in 
Fig. 26, then . 

bc 
D,01= 1 — a   (27) 

1 — d 

D„,_1' = 1 — d (28) 

and the product given in (26) is unaltered. Since this 
result holds for any value of m, and since a sequence may 
be transformed into any other sequence by repeated 
adjacent interchanges ( 1234 can become 4321, for exam-
ple, by adjacent interchanges 1243, 2143, 2413, 4213, 
4231, 4321), it follows that the product 

= Di'D2'D3' • • • Doi_I'D„,' (29) 

is independent of the order in which the first m nodes 
are numbered. With all n nodes present, D„' — D„ and 

= Di'Do'Do' • • • (30) 
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Quantity A, which shall be called the determinant of the 
graph, is invariant for any order of node numbering. 
Equation (30) shows that the determinant of any graph 
is the product of the determinants of its imbedded feed-
back units, and that the determinant of a cascade graph 
is unity. 
The dependence of A upon the branch gains may be 

deduced as follows. Let g be any branch directly con-
nected to node n, whence it follows that Dn is a linear 
function of branch gain g and that the partial loop differ-
ences Dk' are independent of g. Hence A is a linear func-
tion of g. Since the numbering of nodes is arbitrary, A 
must be a linear function of any given branch gain in 
the graph. The determinant A, therefore, is composed 
of an algebraic sum of products of branch gains, with 
no branch gain appearing more than once in a single 

product. 
From (29) and (30) it follows that D„ is the ratio of 

A to Since the node number is arbitrary, 

= — 
Ak 

(31) 

where Ak is to be computed with node k removed. Once 
à is expressed in terms of branch gains, Ak may be 
found by nullifying the gains of branches connected to 

node k. 
The introduction of an interior node into any branch 

leaves the value of A unaltered. To prove this the new 
node may be numbered zero, whence Do' = 1 and the 
other partial loop differences are unchanged. It follows 
directly that the loop difference of any branch jk is 
given by 

Djk = (32) 

where A jk is to be computed with branch jk removed, 
that is, with gik =O. 

Incidentally, by writing the linear equations associ-
ated with the flow graph and then evaluating the injec-
tion gain Gk by Kramer's rule (t hat is, by inverting the 

matrix of the equations), it is found from (21) and (31) 
that A is just the value of the determinant of these 
equations. 

a 
x2. ox i • bx 3 

(a) 

b 

(b) 

Fig. 27—Branch inversion in a linear graph. 

G. Inverse gains 

We have seen how the structure of a flow graph 
is altered by the inversion of a path. For linear graphs 
it is profitable to continue with an inquiry into the 
quantitative effects of inversion. Fig. 27(a) shows two 
branches which may be imagined to form part of a 

larger graph. The signal entering node 2 via branch b is 
bx3. The contribution arriving from branch a, then, 
must be x2-bx3, since the sum of these two contribu-
tions is equal to x2. I Ience, given x2 and x3, the required 
value of x1 is that indicated by graph (b). 
The general scheme is readily apparent and may be 

stated as follows. The inversion of any branch jk is ac-
complished by reversing that branch and inverting its 
gain, and shifting any other branch ik having the same 
nose location k to the new position ij and dividing its 
gain by the negative of the original branch gain gik. 

For gain calculations, the usefuless of inversion lies 
in the fact that the inversion of a source-to-sink path 
yields a new graph whose source-to-sink gain is the 
inverse of the original source-to-sink gain. Since in-
version may accomplish a reduction of index, the in-
verse gain may be much easier to find by inspection. 

1) 0 

(a) 

Fig. 28—The result of path inversion in Fig. 20(a). 

For illustration, path kigig2g3k2 shall be inverted in Fig. 
20(a) to obtain the graph shown in Fig. 28. The new 

graph is a cascade structure of zero index. By inspection 
of the new graph, thz.'. inverse gain of the original graph is 

1 = 1 ri 1 _ b2\( 1 _ 1,1\ b2 

G le2Rgag2 g2) kli gagiki kJ « 

Simplification yields 

1 1  r 1 1 bi\ b3\ _ b2 
= 

_ boi 
G kik2 L g2 gi /\g3 I gig3 J 

which proves to be identical with ( 13). 

k, 

(33) 

(34) 

Fig. 29—The result of path inversion in Fig. 21(a). 

A simpler example is offered by Fig. 21(a). Inversion 
of the open source-to-sink path gives the structure 
shown in Fig. 29. By inspection of the new graph, it is 
found 

1 = 1 [11_ _ _ 
G -k-3 IA a a l k1 k11 k1J 

(1 - b) 5 k2 

kik3a4 kile3 

which checks ( 15). 

(35) 



1154 PROCEEDINGS OF THE I.R.E. September 

II. Normalization 

In the general analysis of an electrical network it is 
often convenient to alter the impedance level or the fre-
quency scale by a suitable transformation of element 
values. A similar normalization sometimes proves useful 
for linear flow graph analysis. The self-evident normali-
zation rule may be stated as follows. If each branch gain 
gik is multiplied by a scale factor fu., with the scale fac-
tors so chosen that the gains of all closed paths are un-
altered, then the gain of the graph is multiplied by 
fut,f23 • • • where 1, 2, 3, • • • , m, n is any path from 
the source 1 to the sink n. 

Fig. 30 illustrates a typical normalization. Graph (a) 
might represent a two-stage amplifier with isolation be-
tween the two stages, local feedback around each stage, 
and external feedback around both stages. The nor-
malization shown in (b) brings out very clearly the 
fact that certain branch gains may be taken as unity 
without loss of generality. 

f 9 bf d 

o bc de II II abcde 

(0) (b) 

Fig. 30—Normalization. 

IV. ILLUSTRATIVE APPLICATIONS OF FLow GRAPH 
TECHNIQUES 

The usefulness of flow graph techniques for the solu-
tion of practical analysis problems is limited by two 
factors: ability to represent the physical problem in the 
form of a suitable graph, and facility in manipulating 
the graph. The first factor has not yet been considered. 
It can be turned to now with the necessary background 
material at hand. 
The process of constructing a graph is one of tracing 

a succession of causes and effects through the physical 
system. One variable is expressed as an explicit effect 
due to certain causes; they, in turn, are recognized as 
effects clue to still other causes. In order to be associated 
with a single node, each variable must play a dependent 
role only once. A link in the chain of dependency is lim-
ited in extent only by one's perception of the problem. 
The formulation may be executed in a few complicated 
steps or it may be subdivided into a larger number of 
sin' pie ones, depending upon one's judgment and knowl-
edge of the particular system under consideration. No 
specific rules can be given for the best approach to an 
analysis problem. Therein lies the challenge and the 
possibility of an elegant solution. Whatever the ap-
proach, flow graphs offer a structural visualization of the 
interrelations among the chosen variables. It is quite 
possible, of course, to construct an incorrect graph, just 
as it is entirely possible to write a set of equations which 
do not properly represent the physical problem. The 
direct formulation of a flow graph from a physical prob-
lem, without actually writing the chosen equations, re-
(luires some practice before confidence is gained. It is 
hoped that the following examples, taken mostly from 
electronic circuit analysis, will be suggestive. 

fa) 

A. Voltage gain calculations 

Fig. 31(a) shows the low-frequency linear incremental 
approximate model of a cathode follower. Suppose that 
we want to find the gain E.; 'El in ternis of the circuit 
constants. I3y proceeding cautiously in small steps, 
the graph shown in Fig. 31(b) might be constructed. 
This graph states that E,=E1—E2, E' =12E,— E2, 

and E2=R/1,,. Alternatively, were one able 
to recognize at the outset the direct dependence of E2 
upon Ea, then graph 31(c) could have been sketched by 
inspection of the circuit. The more extensive one's 
powers of perception, the simpler the formulation. 
Powerful perception (or a familiarity with the cathode 
follower) would permit one to construct graph 31(d) 
directly from the network shown in Fig. 31(a). The 
reader is invited to evaluate the gains of graphs 31(b) 
and (c) by inspectiol, and compare the:n with (d). 

lb) 

El E, » R k E2 E2 
r, R,, 

(t) 

0  
E, 

fp.eGf.o Fl, e2 
(d) 

Fig. 31—Flow graphs for a cathode follower. 

Another example is offered by the amplifier of Fig. 
32(a). For convenience of illustration, the impedances 
and the transconductance have been given numerical 
values. In this circuit the grid voltage influences the 
output voltage both by transconductance action and by 
direct coupling through the grid-to-plate impedance. 
To avoid confusion between the actual voltage Ea and 
the factor E„ appearing in the transconductance current 
it is very helpful to designate one of them with a prime 
while setting up the graph. This distinction splits node 
E„. It is a simple matter to complete the graph with a 
unity-gain branch representing the equation E„' = E, 
which effectively rejoins the node. 
The direct application of superposition, with voltage 

E1 and current 5E9' treated as independent electrical 
sources, each influencing the dependent quantities E„ 
and E2, leads to graph (b) of Fig. 32. The gain from E,' 
to Ea for example, is the product of a transconductance 
5, a current division ratio 4/9, and an impedance 2, as 
measured with El= 0. 
An alternative approach, actually equivalent to classi-

cal network formulation on the electrical-node-pair-
voltage basis, gives graph 32(c). I ¡ ere E2 is expressed as 
a function of E„ and E„'. In accordance with superposi-
tion, the gain from Er,' to E2 must be computed with 
E„ = 0 (rather than E1 = 0, as in the previous graph). 
Hence, in this particular calculation, the impedance pre-
sented to the current source does not include element 2. 
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The other independent electrical-node-pair voltage E, 
is expressed in terms of E1 and E2, as shown. 
Graph 32(d), a third possibility, is actually the sim-

plest and most elegant of the three. Responding to a 
certain physical appeal, express E2 in terms of the 
electrical sources, as in graph 32(b). Taking advantage 

E 

2 3 

Eg 

-1 

2e9 
'S 

4 E2 

E 1 

40 

Fig. 32—An amplifier with grid-to-plate impedance. 

100 

of the fact that E2 and 5E0' are across the same electrical 
node-pair, formulate E, in terms of E1 and E2 as in 
graph 32(c). This has topological appeal, since the re-
sulting feedback loop touches both open paths from 
E1 to E2- As a result, the graph gain is obtained as a 
simple function of the branch gains. The verification of 
graphs (b), (c), and (d) of Fig. 32 and the evaluation of 
their gains is suggested as an exercise for the reader. The 
answer is — 8/7. If symbols are substituted for the nu-
merical element values in the circuit, the suitability of 
the structure of Fig. 32(d) for this particular problem 
becomes more apparent. 

tot (b) 

Fig. 33—The circuit and graph for terminal impedance formulation. 

B. The impedance formula 

Suppose that the input or output impedance Z of an 
electronic circuit is influenced by a certain tube trans-
conductance in such a manner that the effect is not im-
mediately obvious. To find Z one must introduce a set 
of variables and write the equations relating them. 
Choose the terminal current and voltage, / and E = /Z, 
together with the grid voltage E, of the offending tube, 
as shown in Fig. 33(a). The graphical structure which 
naturally suggests itself, perhaps, is that of the previous 
problem, Fig. 32(b), with a source / and a sink E. 
Since E and I are located at the same pair of terminals, 
however, it is just as easy to express E, in terms of Ea' 
and E, rather than E,' and I. This choice gives graph 
(b) of Fig. 33, which is particularly convenient for the 

present problem. Notice that the structure of Fig. 33(b) 
is obtainable directly from that of Fig. 32(b) by inver-
sion of the source-to-sink branch. 
The three gains of interest in Fig. 33(b) are 

Zo= (E — = the impedance without feedback. (36) 
I Ea' .. 0 

(---E, 
Te= ) = the short-circuit loop gain = T1. (37) 

Ea' E-0 

(EL, 
Tee = — = the open-circuit loop gain = T1+ T2 (38) 

E.,' 

The terminal imp2dance is given by the graph gain 

Zo 
  Z ( 2. T- 1 T: 7,2 \I  = o Z   (39) 
12 1  

1 
1 — T1 

which may be identified as the well-known feedback 
formula 

Z = Zo 
(1 — T,"c\ 

— Too") . 

The conclusion is that flow graph methods provide a 
relatively uncluttered derivation of this classical result. 

E 2 

o 

12 

(40) 

Fig. 34—The effect of load impedance upon input inpedance. 

Flow graph representation also brings out the simi-
larities between feedback formulas for electronic circuits 
and compensation theorems for passive networks. Con-
sider, for comparison, the determination of the input 
impedance of the circuit shown in Fig. 34(a). 

Superposition tells us that the branch gains of the 
accompanying graph, Fig. 34(b), have the physical in-
terpretations 

(Ei 
Ze` = — =- open- circ u i t. input impedance =a. (41) 

/1 /2-0 

(E2 
Zrc = —)= open-circuit output impedance 

/2 ri-o 

E2 
Z2ec = 

.1.)K 1=0 

=bc±d. (42) 

=short-circuit output impedance= d. (43) 

By analogy with the previous problem 

Z2" 
1 + --

ZL (Z 
Z1 = Z Cc  = Z1""   

Ze ZL ± Z2" I 
1 + - 

Z L 

(44) 
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(a) 

(45) 

applies. By designing the incremental circuit for infinite 
gain, the transfer curve becomes vertical at point p, and 
the switching interval is made desirably small. 
Assume for simplicity that the voltage divider feeding 

the second grid has a resistance much greater than R1 
(or let R1 denote the combined parallel resistance). Now 
attempt to formulate E1 in terms of E0 and Eh by super-
position. When EL= 0, the ratio E1/E0 is simply the gain 
of a grounded-cathode stage. Similarly, with E(1= 0, 
the first tube becomes a grounded-grid stage driven by 
Eh. This gives branches 01 and kl in the flow graph 
shown in Fig. 36(d). Branches 12 and k2 follow the 
same pattern for the second tube. Now Eh can be formu-
lated in a convenient manner. One possibility is the 
computation of the two tube currents — E1/R1 and 
—E2/R2, whose sum may be multiplied by Rh to obtain 
Ek, as shown. 
The resulting graph is of index one, and either Eh or 

k may be taken as the index node. The index-residue 
would have the familiar form shown in Fig. 17(a). For 
infinite gain one need only specify that the loop gain of 
node Eh (or node IA, or branch Rh) must be unity. By 
inspection of the graph, the three paths entering TA are 
kl2k, klk, and k2k. Hence 

TA = Rh 
[ k(µ14- 1)µ2R1 

(ri Ri)(rp2 + R2) 

(46) ± 1 M2 ± 1 

rpl R1 r p2 = 

SWITCHING INTERVAL 

ICI (01 

C. A wave reflection problem 

The transmission line shown in Fig. 35(a) has two 
shunt discontinuities spaced O electrical radians apart. 
A voltage wave of complex amplitude A is incident upon 
the first discontinuity from the left. It is desired to find 
the resulting reflection B and the transmitted wave E. 
Let C, D, C', D' be the waves traveling in opposite direc-
tions just to the right of the first obstacle and just to the 
left of the second. In addition, let r and t denote the per 
unit reflection or transmission of a single discontinuity. 

r 2 

A C, E 

Fig. 35—Two discontinuities on a transmission line. 

The accompanying graph 35(b) is self-explanatory. 
The only feedback loop present is the simple ring 
CC'D'DC. By inspection of this graph, the over-all re-
flection and transmission coefficients are 

A 

E 11126—ie 

ri 
ii2r2e—j20 

1 — rir2e-i" 

A 1 — rir2e-128 

e, 

NO 2 CUTOFF 

NO I 
CUTOFF 

0 

r. R. 
r,, • Ft, 

Fig. 36—A cathode-coupled limiter. 

19• 2 R, 

re2• R2 

D. A limiter design problem 

Fig. 36(a) shows a vacuum-tube circuit commonly 
employed as a two-way limiter or level selector. The 
static transfer curve shown in Fig. 36(b) exhibits a 
high-gain central region limited on each side by cutoff. 
In the neighborhood of point p, where both tubes are 
conducting, the linear incremental circuit of Fig. 36(c) 

I. (47) 

It is a simple matter to solve (47) for the desired value 
of the voltage divider parameter k. 

V. CONCLUDING REMARKS 

The flow graph offers a visual structure, a universal 
graphical language, a common ground upon which 
causal relationships among a number of variables may 
be laid out and compared. From this viewpoint the 
similarity between two physical problems arises not 
from the arrangement of physical elements or the di-
mensions of the variables but rather from the structure 
of the set of relationships which we care to write. 
The organization of the problem comes from within 

our minds and feedback is present only if we perceive a 
closed chain of dependency. The challenge facing us at 
the start of an analysis problem is to express the per-
tinent relationships as a meaningful and elegant flow 
graph. The topological properties of the graph may then 
be exploited in the manipulations and reductions lead-
ing to a solution. 
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Measurements of Detector Output Spectra 
by Correlation Methods* 

LOUIS WEINBERGtt AND L. G. KRAFTt, MEMBERS, IRE, 1953 

Summary—The correlation technique is applied experimentally 
to determine the power density spectra of the output of two non-
linear devices, the linear and square-law rectifiers. Curves of the 
input and output autocorrelation functions obtained experimentally 
for inputs of filtered noise with and without a sine wave are compared 

with the theoretically calculated curves, and thus an experimental 
check on some known theoretical results is obtained. 

INTRODUCTION 

I
N THE PAST DECADE much study has been 
directed to the mathematical analysis of random 
noise in communication systems.' Theoretical con-

tributions pertinent to the work described in this report 
have been made by many investigators, among them 
Rice" and Middleton". Rice's papers present a unified 
view of the basic methods of noise analysis for both 
linear and nonlinear circuits. Following his lead Middle-
ton has solved a large number of nonlinear problems of 

practical importance. 
The mathematical analysis is exceedingly complex. 

There exists, as a consequence, a considerable need for 
the development of experimental techniques by means 
of which the important statistical characteristics of 
random noise in electrical circuits can be determined. 
These techniques, once developed, can be used for check-
ing existing theoretical results and for the solution of 
problems not yet susceptible to theoretical analysis. A 

method that has proved extremely useful in theoretical 
investigation is the correlation method. This method 
consists of first finding the autocorrelation function and 
then by a Fourier transformation of the function de-

termining the power density spectrum. 
There are available in the Research Laboratory of 

Electronics, M.I.T., an electronic digital correlators for 

* Decimal classification: R362. Original manuscript received by 
the Institute, September 17, 1952; revised manuscript received April 
8, 1953. The research reported in this paper was supported in part 
by the Signal Corps, the Air Materiel Command, and the Office of 
Naval Research. The paper represents a condensation of "Experi-
mental Study of Nonlinear Devices by Correlation Methods," Tech-
nical Report No. 178, Research Laboratory of Electronics, M.I.T., 
January, 1951. 
1- Research Laboratory of Electronics, Massachusetts Institute 

of Technology, Cambridge, Massachusetts. 
$ At present with Hughes Research and Development Labora-

tories, Culver City, California. 
1 D. B. Armstrong, "A Survey of the Theory of Random Noise; 

its Behavior in Electronic Circuits," Seminar Paper, Dept. of Elec. 
Eng. M.I.T. 1950. 

I S. O. Rice, " Mathematical analysis of random noise,"B.S.T.J., 
vol. 23, pp. 282-332, 1944; 24, pp. 46-156. 

3 S. O. Rice, "Statistical properties of a sine wave plus random 
noise," B.S.T.J., vol. 27, pp. 109-157; 1948. 

4 D. Middleton, "The response of biased, saturated linear and 
quadratic rectifiers to random noise," Jour. App. Phys., vol. 17, no. 
10, pp. 778-801; 1946. 

6 D. Middleton, "Some general results in the theory of noise 
through nonlinear devices," Quarterly of Applied Math., vol. 5, pp. 
445-498; 1948. 

8 H. E. Singleton, "A Digital Electronic Correlator," Technical 
Report No. 152, Research Laboratory of Electronics, M.I.T. 1950. 

the experimental determination of correlation functions 
and machines like the electronic differential analyzer7 
and the delay-line filters for accomplishing a Fourier 
transformation. The correlation method can thus be 
applied experimentally. Work in this direction was done 
in 1949 by Knudtzon,9 whose experimental study was 

confined to linear circuits. 
This report extends the range of experimental in-

vestigation by the correlation technique to include non-
linear devices, namely, the linear and square-law recti-
fiers. The first part presents a summary of the pertinent 
mathematical theory, particular attention being paid 
to the demonstration of a method which is applicable to 
the solution of nonlinear circuits. This is the character-
istic-function method, in which the autocorrelation 
function is found through the intermediary of the char-
acteristic function. The second part concerns itself with 
a discussion of the circuits and experimental technique 
and a presentation of the results obtained in the form 
of discrete points which are compared with the theo-

retically calculated curves. 

PART I. PERTINENT STATISTICAL THEORY 

A. Autocorrelation Function, Power Density Spectrum 

An important statistical characteristic of a stationary 
random function such as a noise voltage is its auto-
correlation function. If f(t) represents the random 
function, the autocorrelation function 011 (r) of fi(t)" is 

given by 

1 j' T 

011(T) = him   f 1(1)f r)dt. ( 1) 
T--.. 2T —T 

It is often convenient in this report to make use of the 
normalized autocorrelation function defined as 

Pu(l") 
chi(o) 

lim 
T—,eo 
1 f 2T 1(01 1(1 + r)dt 

f T 
him — f,2(t)dl 
T—.«, 2T 

(2) 

7 A. B. Macnee, "An Electronic Differential Analyzer," Technical 
Report No. 90, Research Laboratory of Electronics, M.I.T. 1948. 

8 C. A. Stutt, "Experimental Study of Optimum Filters," Techni-
cal Report No. 182, Research Laboratory of Electronics, M.I.T. 
1951. 

N. Knudtzon, "Experimental Study of Statistical Characteris-
tics of Filtered Random Noise," Technical Report No. 115, Research 
Laboratory of Electronics, M.I.T. July 1949. 

70 Y. \V. Lee, "Application of Statistical Methods to Communica-
tion Problems," Technical Report No. 181, Research Laboratory of 
Electronics, M.I.T. September 1950. 
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An important use of the autocorrelation function re-
sides in the fact that the power density spectrum (1)11 (co) 
can be directly obtained from it. Wiener's Theorem 
relates the two as a Fourier cosine-transform pair. Thus 
we may write 

1 f e 
cl'o(w) = 011(r) cos wrdr, (3) 

271- , 

and 

ctio(T) = (Dii(w) cos wrdw. (4) 

It can be shown'' that if fi(t) represents the input 
to a linear network and f2(t) the output, as hown in 
Fig. 1, then 

<1.22(co) = I L/(w)1 2(1)11(w) (5) 

where (1) 11 (w) and (I'22(w) are the power density spectra of 
h(t) and f2(t), respectively, and //(w) represents the sys-
tem function of the network. Of course, no such simple 
relationship exists for a nonlinear network. 

H ( to) 

Fig. 1—Representation of linear network. 

(t) 

B. Characteristic Function: Probability Distribution 
Density, Ergodic Theorem, Moments 

A statistical property that is extremely useful in the 
study of nonlinear circuits is the characteristic function. 
Preliminary to its definition, some basic definitions must 
be established. If y(t) represents a stationary random 

variable and p(y)dy is the probability that y lies be-
tween y and y-Fdy, then p(y) is called the probability 
distribution density of the variable y. The average value 
of y, 5, is 

= f YP(Y)dY, (6) 

the integral extending over the whole range of possible 
values of y. The Ergoclic Theorem states that the aver-
age with respect to the time t of the stationary random 
variable y(t) is equal to 5, and thus another method is 
provided for determining 5". 
The average of a function of y is given in the same 

manner, so that 

= f Y"P(Y)dY• (7) 

The averages evaluated by ( 7) are called the nth 
moments of the distribution p(y). 
Now the characteristic function can be defined. It is 

a particular combination of the moments which gives 
the average value of es', where z is a real variable. 
Letting tP(z) represent the characteristic function, we 
have 

#(z) so eizzi 

= r (izy)"1 
L n! J 
[ izy (izy) 2 (izy)3 

= 1 1!  + 2!  3! +... 

(iz)2 (iz)3 
= 1 ± iz9 + Y2 ± y3 + • • • 

2! 3! 

(iz)- _ 
E , y». 
,0 it! 

But the average of eizy is also given by 

(8) 

eiev = f eizvp(y)dy (9) 

where the integration is carried out for the complete 
range of values of y, so that we may place infinite limits 
on the above integral. The right-hand side of (9) we 
now recognize as an inverse Fourier transform; thus p(y) 
is the Fourier transform of the characteristic function, 
and is therefore determined uniquely by 

1 j•ce 
p(y) = — 1,e(z)e-inidz. (10) 

2ir , 

Equation 10 represents the first important theorem 
on the characteristic function. A second important theo-
rem derives from the following: if the characteristic 
functions of two independent random variables y and x 
are respectively tP(z) and e(z), then the characteristic 
function e(z) of the distribution of the sum y-Fx is given 
by the product; thus 

e(z) = #(z) (z). (11) 

C. Contour Integral Representation of a Nonlinear De-
vice 

A useful, often essential artifice for solution of non-
linear problems is the representation of the transfer 
characteristic of the nonlinear portion of the circuit by 
a complex integral. For example, if a voltage V is ap-
plied to input of a nonlinear device, output current 
I(V) may be written as an inverse Laplace transform 2* 

1 
/(V) L-i[F(s)] — f F(s)e'vds (12) 

2/ri 

where F(s) is the direct transform, 

F(s) :=-- L[I(V)] f I(V)e-"vdV 
0 (13) 

* Other transforms may also be used so that I need not be zero for 
negative V. 
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and C' is a Bromwich path parallel to the imaginary 
axis and to the right of all singularities. 
The substitution s = iit in ( 12) gives 

1 
I(V) = — F(iit)eiuvdzt (14) 

27r c 

and changes the path of integration to one along the real 
axis from — co to ± 00 with a downward indentation at 

the origin to avoid a pole or branch point. 

D. Fundamental Formula of Characteristic- Function 

Method 

\Ve are now able to demonstrate Rice's derivation2 of 
the fundamental formula of the characteristic-function 
method for obtaining the output autocorrelation func-
tion of nonlinear circuits. \Vriting ( 1) for the output cur-
rent, we have 

1 

022(r) = hm  f I(OI(t r)dt. (15) 
2T —7, 

Substituting ( 14) and rearranging give 

1 
022(r) = — f F(iu)du f 

47r2 c 

1 f 
• hm —  exp Pulf(t) ivV(t rqdt. (16) 

27 —T 

The limit in the above equation is recognized as the 
characteristic function of the distribution of the sum 
of two random variables, V(t) and V(t+r). Denote this 

characteristic function by g(u, y; r). Then, 

ir r 
022(7) = —  f 17(iu)du f F(iy)g(u, y; r)dv (17) 

471-2 c 

which is the fundamental formula of the characteristic-
function method. To obtain the power density spectrum 
of the output current I, it is necessary to evaluate the 
above integral and its Fourier cosine transform, 

1 f  
cl'22(co) = — 022(r) cos cerdr. 

27r 
(18) 

PART II. EXPERIMENTAL STUDY 

A. Circuit Details 

A block diagram of the essential components used in 
the experimental procedure is shown in Fig. 2. White 
noise is by definition noise that has a uniform power-
density spectrum over a frequency range that is large 
compared to the range of interest, which in this experi-
ment is the filter bandwidth. The source of white noise 
employed a 6D4 gas triode as the primary noise gen-
erator.* Monitoring of the rectifier input and the recti-
fier bias voltages was accomplished by use of the thermo-
couple and d-c meters, respectively. 

* Equipment designed by C A. Stutt. See 11 for circuit diagram. 

The band-pass filter, the amplifier, and the non-
linear element were incorporated in one chassis. From 
the circuit diagram in Fig. 3, it is seen that the filter is a 
simple RLC parallel-tuned circuit, whose Q may be 
varied in steps by use of the ganged switch. This switch 
varies both series and parallel resistance in order to 
provide approximately constant voltage across the 
tuned circuit for the different Q's. Tapping the con-
denser of the tuned circuit serves the dual purpose of 

impedance transformation and voltage step-up. 

WHITE 

NOISE 
SOURC 

BAND-
PASS 
iL TER 

SINE Pay( 

GENERATOR 

AMP..FIER 

THERMOCOUPLE 

METER 

CT', ER INPUT 

NONLINEAR 

ELEMENT 

IRECTIFIERI RECTIFIER 

OUTPUT 

O-C METER 

Fig. 2—Block-diagram representation of circuit. 

After linear amplification of the filtered random noise 
by the first three tubes, the noise is fed to a cathode 
follower, which serves as a low internal resistance volt-
age source for the nonlinear element. The cathode re-
sistances in the amplifier stages are unbypassed for in-
creased linearity of amplification. When a noise plus 
sine-wave input was desired, an oscillator was con-
nected through an appropriate RC combination to the 

plate of tube V-3. 
The negative 150-volt connection to the resistance in 

the cathode-follower circuit is used to cancel the positive 
direct voltage developed across the cathode resistance. 

Thus the net direct voltage across the nonlinear ele-
ment can be adjusted to give zero bias. For the linear 
rectifier a 9005 tube was found satisfactory. A series 
connection of eight 1N48 diodes and a 100-ohm resistor 
was substituted for the 9005 and its load resistance to 
provide an approximately square-law characteristic; a 

plot on log-log coordinates of the measured points of the 
characteristic is shown in Fig. 4. It is clear that the basic 
circuit of the experiment can be reduced to the one 
shown in Fig. 5, where switch "a" is considered closed 
for an input of noise alone. 

B. Experimental Procedure 

The resonant frequency of the band-pass filter was 
23 kc/sec, and the sine-wave generator was set to this 
frequency. The linear and square-law rectifiers were 
studied by obtaining autocorrelation curves of the recti-
fier input and output for a number of Q-values of the 
resonant circuit and for an input of noise with and with-
out a sine wave. 
The autocorrelation function is recorded by the digital 

correlator in two forms. In one, a multiple pen Ester-
line-Angus Recorder records a number in binary-digital 
form for each r-step. An example of such a record is 
shown in Fig. 6. The second form of recording is made 
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2700K 
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1K 

V3 LAC? Vs - 6V6 

-I50. 

Vs - 9005 1_ 

FILTER 0 
(1)60 (2)25 (3)88 

(I) CONDENSER OUT (2) CONDENSER IN 

GAIN; P2 V3 BIAS ADJUST 

C- F BIAS ADJUST 

NOISE INPUT 

DIODE BIAS MEASURE AND RECTIFIER INPUT 

RECTIFIED OUTPUT 

Fig. 3—Circuit diagram of amplifier including band-pass filter and nonlinear element. 

by a General Electric Recording Microammeter; this 
record gives an immediate visual check on results. Some 
examples of the curves obtained by the second method 
of recording are shown by the photographs of Fig. 7. 

10 

01 
10 

V - VOLTS 

(00 

Fig. 4—Volt-ampere characteristic of square-law rectifier (log-
log coordinates). 

In obtaining each point of the correlation curve, the 
correlator obtains pairs of samples of the amplitude of 
the voltage waveform, multiplies the members of each 
pair and sums many such products. Approximately 
31,000 pairs of samples were obtained over a period of 
about one minute of the signal for the curves of Fig. 7 
with 2-eisec spacing, and double this number of samples 
and period of signal for the 4-µsec spacing of some of the 
other curves. 

During the course of obtaining the correlation curves, 

it became apparent that it was possible to alter the cor-
relator itself to accomplish the rectification function of 
the 9005 tube or the 1N48 diodes. This was done by 
causing the number-generating part of the digital cor-
relator to limit at the rectification level desired, that is, 
the high-speed counter of the number generator was ar-
ranged so that it stopped at the half-full level. This cor-
responds to biasing the rectifiers at zero voltage. In the 

Vs(t) 

Vnt11 

Fig. 5—Simplified circuit diagram with V = filtered random 
noise of center frequency wo, and V.= P cos coot. 

square-law case, the circuit of Fig. 8 produced "squar-
ing" of the filtered noise while the correlator accom-
plished rectification. The output autocorrelation curves 
for the square-law rectifier with noise plus sine wave 
input were obtained in this manner. 

C. Calculations from the Theory 

To obtain the autocorrelation function of the input 
to the rectifier requires merely an application of linear 
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Fig. 6—Output autocorrelation function recorded in binary-digital form (Q = 8.8, linear rectifier, noise input). 
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Fig. 7—Autocorrelation functions as recorded by correlator: (a) input autocorrelation functions, 
and (b) output auto correlation functions for linear rectifier. 
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theory. The filtered noise input to the rectifier, V., 
which is itself the output of the RLC band-pass filter 

F1LT FRED N0 SE 

SONLI04,:1) 

Fig. 8—Circuit for squaring input voltage. 

with a white-noise input, has the normalized auto-
correlation function" 

where 

P.(T) = e- °1r1/2(2 cos coo- (19) 

Q = R/cooL Rco0C. (20) 

Since the autocorrelation function for the sinusoidal 
voltages, V, = P cos wot, is 

pz 
= — cos We, 
2 

(21) 

the autocorrelation function for the total input, Vn+ 171, 
to the rectifier and load is 

P2 
= Ae— '0ITI/ 242 cos wor --2 cos We. (22) 

For the linear rectifier, where the output current is 

jaV V ≥ 0 

10 V < 0 

the Laplace Transform F(s) is a/s2, so that F(iu) 
=-a/u2. Similarly, for a square-law rectifier with 
the characteristic 

I= (23) 

{ aV2 V ≥ 0 
/ = (24) 

0 V < 0 

the transform is F(iu)=2ai/u3. 

II Y. W. Lee, and C. A. Stint, "Statistical Prediction of Noise," 
Technical Report No. 129, Research Laboratory of Electronics, 
M.I.T. July 1949. 

Using the above, Rice' has obtained the autocorrela-

tion for the output of a linear rectifier with a filtered 
noise input as 

a2 (0) 
022(r) --   [1 - p 2(7-)]h12 

2r 

p„„(T) COS- I [— P..(7)] 1 

where 

(25) 

Pnn(r) = Onn(T)/ebnn(0 ) e- " I' 112(2 cos (W0T + 1/2Q) (26) 

and the arc cosine is taken between 0 and r. 
For the square-law rectifier with a filtered noise input, 

the output autocorrelation functions is 

At1/4.(0)  
022(r) =  Icos-' [— p„(7)[(1 2p..2(r)) 

2r 

+ 3P..(r)(1 - pnn2(T))"21. (27) 

When the rectifier input contains a sine wave in addi-
tion to the noise, Rice has shown' 

1 

022(r) = nn k ( T) 11mk2Em cos M G., or 
m=0 k=0 k! 

where €0- 1, Em = 2 for m ≥ 1. For the linear rectifier 

hm k 

(o.n(0) (1-k)/2 

a   x"'n 
2 ) 

21' (3 - k tn) m! 
2 

(k -F m - 1 
• IF'   

2 

and for the square-law rectifier 

hm k 

(28) 

m + 1; — (29) 

(0..(0) (2-k)/2 

a   x m/2 

2 ) 

r  - k — 
m! 

2 

iFf (k m - 2 
 2 ; m 1; - (30) 

where x = sine wave power/noise power = P2/244n(0) 
and IF1 is the confluent hypergeometric function. 
Values of x=1/2 and x = 1 were used in the experiment. 

D. Experimental Results 

Results for three different Q's were obtained but it 
was considered sufficient for illustrative purposes to 
show the curves for only two of them. An example of 
the input autocorrelation curves obtained is shown in 

Fig. 9. The next four figures show the output autocor-
relation functions, Figs. 10 and 11 applying to the linear 

rectifier and Figs. 12 and 13 to the square-law rectifier, 
for the respective inputs of noise with and without a 
sine wave. In order to effect a Fourier transformation 
by means of the electronic differential analyzer or the 
delay-line filter, it was necessary to obtain new auto-
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Fig. 9—Normalized input autocorrelation functions pi, ( coor) 
for filtered noise input. 

correlation curves for a longer r-range, specifically, a 
range in which the amplitude of the oscillations becomes 
negligible. These curves and their experimentally de-
termined spectra are shown in Figs. 14 and 15. 
The theoretically determined autocorrelation curves 

identified in Figs. 9 through 13 were plotted for a r-range 
of 136 µsec (wor-range of 10800). For convenience each 
theoretical curve is normalized with respect to its value 
at r = 0. Presented on the same sheets with the theo-
retical plots are the discrete points obtained from the 
experimental data. When two sets of experimental data 
were obtained for one curve, the average was used. To 
plot the experimental points from the binary-digital 
data, it was necessary to perform a subtraction to ob-
tain the zero level and a multiplication to obtain a good 
fit, as determined by visual inspection. An illustration 
of this procedure is the following: suppose we have ob-
tained an exponentially damped cosine autocorrelation 
curve for Q.=-- 60, whose digital data show that the r = 
value is 154, the next maximum is 150, and the first 
minimum occurs at the half cycle and is 120. For the 
high-Q case the damping of the cosine is approximately 
linear for the first cycle so that the envelope would de-
crease to 152 at the half-cycle point. The zero value can 
then be obtained as ( 152+120)/2 = 136. This value is 
then subtracted from the number representing each 
point and the resulting values normalized for a good fit. 
Suppose, after inspection, it is felt that allowing the 
r =0 value to be 1 gives a good fit to the theoretical 

curve. Then, 

1 
(154 — 136)y = 1, y = — = 0.0556 (31) 

18 

is the appropriate normalizing factor. 

0 60 0 60 240 NaS 360 430 4. .,40 600 660 770 MO 040 9C0 960 020 ‘00 

Cfl 

03 

02 

00 60 .20 300 360 

I 

i  
I 

'' • .. .... • ... L. 

• Of uf.CF 

C...11• ,11.1 • 1 

• 1 Xj!'ll..3.• •:33: )jj • 

eio 060 3.12 4040 Éto 
toot - 014,01-5 

. • - 
1  

•r-Sc— iiio tad wo 960 .020 ceD• 

= 60 

Q = 8.8 

Fig. 10—Normalized output autocorrelation functions p22(wor) 
for linear rectifier with a filtered noise input. 

Figures 11 and 13 show output autocorrelation func-
tions of rectified noise plus sine wave which take on 
negative values. The reason for this is that the d-c term 
in the series (m =0, k = 0) of (28) has been omitted in 

the computation. 
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Fig. 11—Normalized output autocorrelation functions p22(wor) for 
linear rectifier with a filtered noise plus silice wave input, where 
x=sine wave power/noise power = 1. 
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Fig. 12—Normalized output autocorrelation functions p22(wor) for square-law rectifier with filtered noise input. 
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level inserted by the correlator. For the case of large r, 
where the samples are nearly independent, it can be 

60 shown that the ratio of the rms error (ue) to the vari-
ance (u2) of fi(t), the signal under study, is 

cr 1 2 [D + (1)1 2 

(r2 N Ncr2 
(32) 

where N= number of samples averaged 
fi(t)= average of signal under study 
D=constant added to f(t) by the correlator. 

The quantities in the equation may be determined from 

= 8.8 the autocorrelation curve itself. For example, the auto-
correlation curve shown in Fig. 14(a) was obtained with 
the number of samples N=31 X2", and the values of 
u2 and [D-Ffi(t)] 2 may be obtained from the experi-
mental data as 

Fig. 13—Normalized output autocorrelation functions p22(wor) for 
square-law rectifier with filtered noise plus sine wave input, where 
x = sine wave power/noise power = 1. 

An error is to be expected due to the finite number of 
samples measured by the correlator. In general, such an 
error depends on the number of samples, the statistical 
properties of the signal measured, and the large d-c 

cr' = 3.23 X 2" 

-- 101.7 X 2" 

-= 0.032. 

(33) 

Approximately one-third of the measured values might 
be expected to fall outside + 0%, which equals + 0.02 on 
the normalized curve shown. This agrees very well with 
the observed results. 
There are errors other than that due to the finite num-

ber of samples. Causes of the most important errors 
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Fig. 14—Autocorrelation function and its associated power density spectrum. (a) Normalized output autocorrelation function p22(wor) 
for linear rectifier with filtered noise input and Q = 8.8. 

seemed to be: 

1. amplitude drift in the sampling circuits of the cor-

relator; 
2. voltage drift in the power supplies used with the 

noise filtering and amplifying devices; 
3. departure of the rectifiers from the idealized ver-

sions. 
When a sine wave was added to the noise, additional 

errors were caused by: 
4. amplitude drift in sine-wave generator; 
5. synchronization of the sine-wave oscillator with 

the sampling frequency of the correlator. 

In order to reduce errors of measurement in the 
sampling circuits of the correlator, a second compensator 
was added so that each channel of the machine is now 
compensated separately6. This was done after only a few 
of the tests for this report, and all curves which had al-
ready been obtained were discarded. The compensators 
act to keep the median value of the measured samples 
at a constant level, that is, they provide a correction in 
the number-generating circuits which tends to stabilize 
the median value of the binary numbers used in the 
digital parts of the machine. The effectiveness of the 
compensators depends on the statistical properties of 
the input signal, signals with a well defined median 
value being handled best. For the results in this report, 
the effects of drift originally present in the measuring 
portions of the correlator were reduced to negligible 
values compared with errors due to other causes. Some 
of the curves, when inspected closely, will indicate the 

magnitude of the drifts still present. 
Changes in the power supply voltages and the signal 

levels from the noise and sine-wave generators were 
made small by constant monitoring and manual adjust-
ment. A few minor circuit modifications were made to 
reduce the effects of such changes. 

The departure of the rectifiers from ideal is an un-
avoidable part of the experimental method. However, 
the use of the correlator itself to perform the rectifying 
function of the diodes, as mentioned above, is a way of 
decreasing the errors introduced. Since results obtained 
using either the diodes or the correlator agree well with 
the theoretical curves, such errors do not seem to have 

been important. 
The effects of synchronization of the input voltage 

periodicities with the sampling period of the correlator 
are of importance. The correlator obtains samples of 
the input signal and multiplies each sample by a second 
sample taken a time r later. The products of a great 
number of sample pairs are added together to obtain 
one value of the correlation curve before shifting to a 
new value of r. If the sampling takes place in syn-
chronism with a periodic input signal, it can be seen 
that the first samples will always have the same value 
(depending only on the phase of sampling). Likewise, 
the samples obtained r seconds later will be constant for 
any one value of r, and will depend on the phase of the 
input signal at which the second sample is being taken. 

Fig. 14(b)—The zeroth and first spectral regions of its power density 
spectrum as obtained on the electronic differential analyzer. 
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The result of multiplying the second sample by the first 
and adding many such products is the average value of 
the second sample multiplied by a large constant. As 7" 
is changed, the average value for each corresponding 
phase is obtained and the output curve of the correlator 
then has the same shape as the periodic waveform at 
the input. This difficulty can be met by setting the fre-
quency of the input signal at a value different from 

The compensators produce a further difficulty when 
the input signal frequency is a harmonic of the sampling 
rate. Whenever the samples of input voltage obtained 
by the correlator have constant magnitude, the com-
pensators will adjust the number-generating portions 
of the machine to produce the constant median number 

for the constant magnitude of sample. lf the input 
samples change to another constant level, the corn-
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Fig. 15—Autocorrelation function and its associated power density spectrum. (a) Normalized output autocorrelation function 
for square-law rectifier with filtered noise input and Q = 8.8. 

any integral multiple of the sampling frequency. This 
was done during this experiment, and frequent observa-
tions made to correct the oscillator frequency for drifts. 
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Fig. 15(1))--The zeroth and first spectral regions of its power density 
spectrum as obtained on delay-line filter. 

It has been suggested that the inherent difficulty pres-
ent in the correlator due to constant frequency of 
sampling may be avoided by sampling at random in-
tervals. This appears to be an excellent suggestion for 
correlators designed for inputs of a periodic nature. 

pensators adjust again so that the same median num-
ber results, and no change appears in the correlation 
curve. Since the compensators make such an adjustment 

in a few seconds (time constant sec), the input 
signal frequency should differ by a few cycles per second 
from any harmonic of the sampling rate. This effect 
was detected by observing the compensator voltages. 
When the signal frequency drifted near a harmonic of 
the sampling rate, these voltages would oscillate as the 
compensators followed the slow difference frequency. 

CONCI.USIONS 

The autocorrelation method has been applied experi-
mentally to the determination of power density spectra 
for the output of some nonlinear devices. The results for 
the autocorrelation functions have been compared with 
thé theoretically calculated curves. It may be stated 
that an experimental check on some known theoretical 
results has been obtained, and it is hoped that the tech-
nique will be extended to the investigation of nonlinear 
problems that have not yet been solved analytically. 
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Summary—The Haeff memory tube is modified by using a mesh-
screen storage surface in combination with a relatively high-poten-
tial viewing screen. Electrons which pass through positive areas of 
the storage surface are therefore accelerated to produce an intensi-
fied image of the charge pattern. An image brightness of 70 fi has 
been demonstrated. Contrast, writing speed, resolution, persistence, 

and electrical output are discussed. Further development work is 
needed to produce more uniform storage screens, better electron 

guns, and to adapt the tubes for specific requirements. 

INTRODUCTION 

I
N THE CONVENTIONAL cathode-ray tube, en-
ergy received by the luminescent screen is furnished 
by the focused electron beam which can supply en-

ergy to only one screen element at a time. When the 
pattern is retraced with sufficient frequency, the picture 
appears continuously luminescent due to the persistence 

effects of the luminescent material and the human eye. 
In cathode-ray tubes providing true continuous lumi-

nescence, all screen elements contribute simultaneously 
to the brightness. Such tubes have the advantage of be-

ing able to supply more energy to the screen than con-
tained in the writing beam;and are capable of prevent-
ing flicker at low frame rates. Tubes of this type consist 
of a large number of storage elements which control the 
flow of energy to the luminescent screen. A "writing" 
beam determines the degree of control of each storage 
element. Systems such as discrete insulator particles 
controlling photoemission,' secondary emission,' and 
thermionic emission,' and the production of images of 
varying transparency by the dark-trace effect," heat 
effects,' the attraction and orientation of small parti-
cles,' double refraction in suitable substances,' the elec-
trostatic movement of small mechanical shutters,' and 

Direct-Viewing Memory Tube* 
S. T. SMITHL SENIOR MEMBER, IRE, AND H. E. BROWNS 

grid control of dielectric screens'" have been in-
vestigated. Difficulties with all of the above systems 
have so far been encountered, and to date the dark-
trace effect is the only continuous-viewing method that 

has found useful applications. 
In direct-viewing storage tubes employing grid con-

trol of dielectric screens, one of the problems is to pre-
vent the reading, or "flood" beam electrons, and positive 

In tubes de-
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ions from discharging the storage element s. 
scribed by Kno112.3 and Hergenrother'" the storage ele-
ments are charged sufficiently negative to repel all elec-
trons. Although nearby high-potential collectors tend to 
suppress positive ions from reaching the storage surface, 
the persistence is still limited chiefly by positive ions. 
An effective method of preventing the discharging ef-

fects of electrons, positive ions, and leakage of dielectric 
storage screens is to use the "holding" beam principle 

described in connection with the Haeff memory tube." 
The dielectric-coated mesh screen combined with a high-
potential viewing plate can provide a bright image of the 
charge pattern. However, due to the bistable writing 
process, no halftones can be produced. In many applica-
tions, halftone images are not necessary, but several 
auxiliary modes of operation which produce halftone 

images will be discussed. 
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the direct-viewing memory tube. 

DESCRIPTION OF THE TUBE 

As shown in Fig. 1, the direct-viewing memory tube 
contains a focused writing gun together with a holding 
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gun which produces a spray of low-velocity electrons 
that flood the entire target. The target structure con-

sists of a mesh collector screen, a second mesh screen 
with dielectric coating applied to the side exposed to the 
electron beams, and a viewing plate. The viewing plate 
has a transparent conducting coating (stannous chlo-
ride) deposited on the side towards the electron guns with 
a thin layer of phosphor applied over the conducting 
coating. Fig. 2 is a photograph of a completed tube. 

Fig. 2—Direct-viewing memory tube with electrostatically 
focused electron guns. Scale is in inches. 

The stainless-steel screens consist of 165 wires-per-inch 
with a wire diameter of 0.0019 inch and are mounted on 
a 4-inch diameter frame in a taut condition. Before 
mounting, the screens are rolled flat to an average 
thickness of less than 0.002 inch. Zinc orthosilicate, 
ground to an average particle size of about one micron, 
has been found to be a suitable storage material. Fig. 3 
is a photograph of a sprayed screen, which illustrates the 
uniformity of the storage surface and the relatively 

small reduction in open area of the mesh after spraying. 

Fig. 3—Section of storage mesh with dielectric coating applied. 
(Magnification 22.) 

Usual operation is to charge the entire storage surface 
negative by reducing the holding-beam bombarding ve-
locity (power supply Vc— Vh. Fig. 1) to a value such 
that the secondary-emission ratio is less than unity. Un-

der this condition the storage surface accumulates elec-
trons and charges negatively to the holding-beam cath-
ode potential Vh. The holding-beam velocity is then re-
turned to a higher value. When the focused writing 
beam of relatively high current and high velocity strikes 
the surface, it overrides the stabilizing effect of the hold-
ing beam and charges the bombarded area from cathode 

potential VI, to the positive equilibrium potential (a po-
tential near the first-screen potential VC). As the writing 

beam is moved from element to element of the storage 
surface, it leaves a trace of positive charge. The holding 
beam maintains positive elements at the positive equi-
librium potential because electrons strike with a sec-

ondary-emission ratio greater than unity causing the 
storage surface to lose electrons and charge positively. 
Likewise, the holding beam maintains negative areas 
near cathode potential Vh since electrons strike these 
areas with low velocity where the secondary emission 
ratio is less than unity resulting in accumulation of elec-
trons or negative charging. 

IMAGE INTENSIFICATION 

Electrons which penetrate the interstices of the stor-
age mesh strike the viewing plate with high energy to 

produce a bright image. In order to obtain maximum 
brightness of the image, the viewing-plate potential and 

current density should be as high as possible. The view-
ing-plate potential is limited by field-emission effects 
and insulation breakdown. Field-emission effects, due 
chiefly to stray phosphor particles on the back side of 
the storage mesh, have been the most serious limita-
tion. A considerable reduction of this difficulty has been 
achieved by cleaning loose particles from the backside 
of the storage mesh. It has been possible to operate with 
storage-mesh-to-viewing-plate potentials higher than 
4,000 volts and spacings of 0.050 inch and greater. 

In an experimental tube with 5,000 volts on the view-

ing plate illuminated over a circle of 7 cm diameter, and 
with 1.5 ma, total holding beam current, the light out-

put at positively charged areas was measured to be 
70 fl. This is sufficient brightness for viewing in a well-
lighted room. In this case about 10 per cent of the hold-
ing-beam current was reaching the viewing plate. The 
stored image was stable over a long period of time. 

IMAGE CONTRAST 

Electrons from the holding beam reach the positive 
areas of the storage mesh with a velocity corresponding 
to a potential near the collector mesh potential; while 
at negative areas electrons approach at a velocity near 
zero. To obtain good contrast in the intensified image, 
the potential within the interstices of the mesh must be 
adjusted so that electrons approaching negative storage 
elements will be reflected; while electrons approaching 
positive surface elements will be allowed to penetrate. 
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The potential within the interstices is controlled by ad-
justing the potential Vb of the metal screen supporting 
the storage surface, as shown in Fig. 1. 

Since the storage surface and the contrast-controlling 
metal surface, which Fig. 1 shows, are adjacent to each 
other, the application of a bias voltage Vb considerably 
different from the stable potentials of the storage sur-
face results in a relatively wide range of potential dis-
tribution within the interstices of the mesh. A reasonably 
complete reflection of electrons at the negative areas 
can be achieved only if the maximum potential at the 
center of the hole of the mesh is near the potential of the 
holding-beam cathode. The presence of the positive elec-
trodes nearby, that is, the collector and the viewing 
plate, tends to raise the potential at the holes; so that in 
order to reflect most electrons from the negative areas, 
it is necessary to use a biasing potential Vb approxi-
mately equal to the potential Vh of the holding-beam 
cathode. Fig. 4 illustrates the effectiveness of the screen 
biasing method for improving the contrast by showing,a 
photograph of the direct-viewing screen for three differ-
ent settings of the contrast-control potential Vb. It will 
be noted that the negative background is more visible 
near the center of the screen because the holding-beam 

electrons are striking at a nearly normal angle of inci-
dence, and therefore a complete reflection of holding-
beam electrons is more difficult. 
A quantitative measure of contrast can be obtained 

by measuring the viewing-plate current, first when the 
storage surface is positively charged, and second when 
negatively charged. The ratio of these currents is a 
measure of contrast. The photograph of Fig. 4(a) repre-
sents a contrast ratio of about 3 near the center of the 
screen and greater than 5 near the edges. It appears that 
a contrast ratio of 5 or more over all parts of the storage 
surface would produce a satisfactory image for most 
purposes. The contrast ratio depends chiefly on the ge-
ometry of the storage mesh. It has been found that a di-
electric coating with a thickness nearly equal to the 
spacing between wires produces better contrast than 
thinner coatings. Bulging coatings give slightly better 

contrast than slender coatings. Mesh screens that have 
been rolled flat provide larger contrast ratios than the 
use of round mesh screens. Changing the spacing be-
tween screens or between the storage mesh and the view-

ing plate has lit tle effect on available contrast. 

W RITING SPEED 

The maximum writing speed depends upon the time 

it takes to charge the storage surface area under bom-
bardment by the writing beam from the negative equi-
librium Vh to a potential greater than the critical poten-
tial Vo. If a constant charging current is assumed and 
the capacity of a storage element is estimated, then the 
time required to write a positive element is simply the 
time required to charge the capacity of the element to 

(a) 

(b) 

(c) 

Fig. 4—Viewing-screen photographs of an early model of the direct-
viewing memory tube with a negative background and five verti-
cal and Eve horizoital positive lines written. Note appearance of 
the negative background for three different set tings of the con-
trast control irb— V,.. (a) 0 volts; (b) 100 volts; (c.) 200 volts. 
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the potential Vo. Maximum writing speed calculated in 
this manner shows reasonable agreement (within 20 per 
cent) of measured values. 

Writing speeds of 37,000 cm/sec., have been measured 
with a writing beam of 1.1 mm and a current density of 
1 ma/cm2. An electron gun producing higher current 
densities would permit higher writing speeds. 

RESOLUTION 

At the present time the resolution is limited by the 
diameter of the writing beam. If electron guns produc-
ing beam diameters of less than 0.010 inch were used, 
then the coarseness of the mesh screens would begin to 
limit resolution. The best resolution has been obtained 
in a tube with a 3.5 inches diameter target where it is 
possible to write lines 0.015 inch wide and spaced only 

0.006 inch apart. 
The region of transition, or boundary, between posi-

tive and negative areas is less than 0.001 inch in width 
on the storage surface. The boundaries between positive 
and negative areas on the viewing plate are not as sharp 
as on the storage surface because of " Moire" interfer-
ence effect of the two mesh screens and the focusing 
action of the grid wires. The boundaries on the viewing 
plate are estimated to be about 0.005 inch wide for ex-
perimental tubes with properly spaced viewing plates. 

The focusing effect of the storage mesh noticeably re-
duces the available resolution when the spacing between 
the storage mesh and the viewing' plate is large `:• Elec-
trons penetrating the storage mesh at positive areas suf-
fer a sidewise deflection within the interstices if they do 
not pass midway between the grid wires. As a conse-
quence, the electrons converge to a crossover at some 
point behind the storage mesh. Beyond this crossover 
the electrons diverge rapidly. To avoid serious diver-
gence areconsequent loss of resolution because of the 

focusing effect of the mesh, the viewing-plate spacing is 
held to about 0.060 inch for unfiattened mesh screens 
and 0.050 inch for flat mesh screens. 

IMAGE PERSISTENCE 

When the holding beam potential ( Vh) is approx-
imately twice the unity secondary-emission-ratio poten-
tial, stored patterns have been observed to persist for 
periods greater than one hour. Under such conditions 
the pattern is stable over a range of holding-beam cur-
rent density from 1 to 200 µA/cm2 and is not critically 

dependent on holding-beam potential. 

When power is removed from the tube, the stored pat-
tern will remain on the storage surface for at least two 
weeks. Therefore, the electrical leakage of the storage 

surface is small. 
The complete stored pattern may be erased in a frac-

tion of a second by lowering the holding-beam cathode 

potential ( Ve— Vh) to less than the unity secondary-
emission-ratio potential so that the storage surface ac-
cumulates electrons and charges negatively. When the 
cathode potential is returned to its original value, stor-
age surface has been erased and is again ready for use. 

For some applications a limited rather than infinite 
persistence is desired. Limited persistence can be ob-
tained by lowering the holding-beam potential ( V„ — Vh) 

to a value somewhat lower than the stable potential. 
Under these conditions negative areas receive more cur-
rent from the holding beam than positive areas. The un-
balance of current causes the boundary between positive 
and negative areas to move toward positive areas. Posi-
tive areas thus appear to shrink, and the stored pattern 
gradually disappears. 

Measurements of persistence have been obtained by 
writing a positive line or dot of known dimensions and 
measuring the time required for it to disappear. Per-
sistence was found to be best expressed as the speed of 
the boundary movement toward positive areas. The 
speed of the boundary movement has been observed to 
be independent of the shape of the positive area, but de-
pends in a complicated way on the holding-beam veloc-
ity, holding-beam current density, storage mesh bias 
potential, and angle of incidence of the holding beam. 
For example, the speed of the boundary movement near 
the center of the screen is about ten times the speed at 
the outer edges due chiefly to angle of incidence effects. 

AUXILIARY MODES OF OPERATION 

Two auxiliary methods of operation (a) and (b) are 
capable of reproducing halftones in stored images. Two 

others (c) and (d) provide good contrast, but no half-
tones. Each mode has been demonstrated experimen-
tally. 

(a) Dark lines of limited persistence can be written on 
a bright background in addition to writing brighter lines 
of infinite persistence on the same bright background. 
To accomplish this, the contrast bias potential Vb is 
made more positive to allow electrons from the holding 
beam to penetrate both positive and negative areas. The 
potential of the writing-beam cathode is adjusted ap-
proximately 50 volts more negative than the holding-
beam cathode. Under this condition the storage element 
bombarded by the writing beam accumulates electrons 
and tends to charge in the negative direction to a po-
tential equal to that of the writing-gun cathode. Elec-
trons from the holding beam will not have sufficient en-
ergy to reach these highly negative areas which were 
charged by the writing beam. Since penetration of the 
storage mesh is suppressed in these areas, the trace of 
the writing beam (as seen on the viewing plate) appears 
dark on a relatively bright background. however, posi-
tive ions within the tube are attracted to the negative 
areas and cause the disappearance of the dark trace usu-
ally within 5 to 100 seconds, depending on the number 
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of positive ions, or pressure in the tube. Different de-
grees of darkness and thus halftone picture effects may 
be obtained either by modulation of the potential of the 
writing-gun cathode in accordance with the intensity of 
the picture elements, or with fast writing, by intensity 
modulation of the writing-beam current. A second writ-
ing beam with a much lower cathode potential can be 
used to trace positive lines which will remain bright in-
definitely. Thus, one beam makes a dark trace which 
persists a relatively short time, while the other beam 
makes a bright trace which can be made to persist in-
definitely. 

(b) Another type of operation in which halftones can 
be achieved is to maintain the potential between the 
holding-gun cathode and first mesh screen near zero so 
that electrons from the holding beam approach the stor-
age mesh with substantially zero velocity. The voltages 
are adjusted so that the electric field in the vicinity of 
the storage mesh is just sufficient to let electrons pene-
trate the storage mesh and reach the viewing plate. The 
writing-gun cathode is adjusted to a potential a few 
volts more negative than the holding-gun cathode so 
that the writing beam charges the elements of the stor-
age surface negatively. The negatively charged elements 
of the storage surface prevent penetration of electrons 
through the storage screen, and those areas appear dark 
on a bright background as seen on the viewing plate. 
Different degrees of darkness can be obtained by vary-
ing the potential of the writing-beam cathode. As in the 
previous mode, the dark trace persists only a short time 
(5 to 100 seconds) because of the presence of positive 
ions. 

Both of the preceding modes of operation suffer from 
two disadvantages: a) the persistence is not easily ad-
justed or controlled, and b) the display of dark signals 
on a bright background is not as desirable as bright sig-
nals on a dark background due to the diminished con-
trast. 

(c) One method of operation which results in good 
contrast is the use of two holding beams. The first hold-
ing beam bombards the storage surface with a low-in-
tensity beam and has its cathode at a potential a few 
volts lower than the cathode potential of the second 

holding gun. Because of the lower potential of its cath-
ode, the first holding beam charges all negative areas of 
the storage surface to a lower potential than obtained 
by the second holding gun. Consequently, electrons 
from the second holding beam do not have sufficient 
energy to reach negative areas of the storage surface. 
Thus, any electrons penetrating the storage surface at 
negative areas are due to the first low-intensity holding 
beam. However, those electrons penetrating at positive 
areas are the sum of the electrons from both holding-
beam cathodes. By making the second holding-beam 
current much higher than the first, a bright image with 
good contrast results. The limit to ratio of currents in 
the two beams, and thus to contrast, is set by the fact 
that the positive areas tend to spread if the current in 
the second holding beam is made more than about three 
times the first holding-beam current. 

(d) Instead of using two holding beams as described 
in the preceding paragraph, the contrast improvement 
can be obtained only with one holding beam by peri-
odically pulsing the holding-beam cathode from one po-
tential level to another. If the time of low potential state 
is about one-third that of the higher potential state, a 
good contrast is obtained. 

CONCLUSIONS 

It has been demonstrated that experimental direct-
viewing memory tubes can produce bright images of the 
stored pattern. These tubes are also capable of generat-
ing electrical output signals and under special operating 
conditions can store and reproduce halftone images. 
However, further development work is needed to pro-
duce more uniform storage screens, better electron guns, 
and to adapt the tubes for specific requirements. 
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CORRECTION 

W. J. Gruen, author of the paper "Theory of AFC 
Synchronization" published in the August 1953 issue, 
has pointed out that the Greek letter e. appeared in-
correctly in place of the correct figure p in the following 
passage on page 1048. The passage should read: The 
pull- in range thus can be expressed analytically by the 
equation of the circle of curvature. If its radius is de-
noted by p, the circle is given by 

2 P • (45) 

Hence, for (con/K)—>0, the pull-in range of synchroniza-
tion is approximately 

IAcoPun-ini (.„/K)..o < V2pw,zK — cu,z2 N/2pw„K. (46) 

p can be interpreted as a constant of proportionality 
which depends on the particular design of the system, 
and which increases as the system gets closer to the theo-
retical limit of synchronization. 
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Radiation Conductance of Axial and Transverse Slots 
in Cylinders of Elliptical Cross Section* 

JAMES Y. WONGt, ASSOCIATE, IRE 

Summary—Expressions for the radiation field of axial and trans-
verse slots in cylinders of elliptical cross-section are derived by a 
method based on diffraction theory and the principle of reciprocity. 
Radiation patterns of transverse slots and curves of radiation con-
ductance are presented. It is shown that the radiation conductance 
is influenced considerably by the degree of curvature of the surface 

on which the slot is located. 

I. INTRODUCTION 

I
N RECENT years while the slotted-circular-cyl-
inder antenna has attracted the attention of many 
authors, relatively little work has been devoted to 

the analogous problem of the slotted-elliptic cylinder. 
Progress and development on this particular phase of 
the slotted-antenna problem has been limited, owing 
mainly to the lack of sufficient numerical tabulated 
values on elliptic " Mathieu" functions. Only recently 
has the development reached the stage whereby sys-
tematic numerical evaluation and application appeared 
feasible. 
This paper is concerned with the radiation character-

istics of axial and transverse slots in hollow metal cyl-
inders of elliptical cross-section. The present analysis 
is an extension and application of the method used by 
P. S. Carter, 1 in which he obtained a solution to the 
problem of the electromagnetic fields of electric-dipole 
radiators in the vicinity of an infinitely long cylinder 
of circular cross-section. This method which is based on 
diffraction theory and the principle of reciprocity has 
also been employed by Sinclair' to obtain the patterns 
of antennas in the vicinity of cylinders of elliptical cross-
section. 

In addition to the radiation patterns, quantitative 
results for the radiation conductance of both axial and 
transverse slots are given in order to determine the 
variation in conductance with cylinders of different size 
and shape. It is shown that the radiation conductance 
of a transverse slot is influenced considerably by the 
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shape or ellipticity' of the elliptic cylinder. This is 
equivalent to saying that the effect of curvature of the 
surface on which the slot is located plays an important 
role as far as the radiation conductance is concerned. 
Increased radiation is encountered for slots on thin 
cylinders; that is, the sharper the curvature of the sur-
face, the greater is the radiation conductance. This 
important phenomenon can be regarded or termed 
"edge effect" and is a significant factor whenever slots 
are located on surfaces which are not plane. 

II. METHOD OF ANALYSIS 

In Carter's method, the radiation pattern of a dipole 
adjacent to an infinitely long cylinder is obtained as a 
receiving antenna instead of a transmitting antenna. 
The wave received from a distant dipole carrying a 
certain value of current will be essentially plane, and 
consequently such a plane wave can be expanded and 
expressed in terms of a sum of cylindrical waves. The 
presence of the cylinder produces secondary waves of 
amplitude, such that the sum of the primary and sec-
ondary tangential-electric fields vanish at the surface 
of the cylinder. The field at the dipole near the cylinder 
and hence the voltage at its terminals can therefore be 
determined. In accordance with the law of reciprocity, 
the position of voltage and current can be interchanged 
without altering the result. Then by applying the 
reciprocity theorem, an expression is obtained which 
gives the total radiation field from the dipole and 

cylinder. 
This method is directly applicable in determining the 

far-zone field or radiation pattern of a short slot in a long 
cylinder of circular or elliptical cross-section. The elec-
tric-field distribution across the slot is replaced by its 
equivalent magnetic-current sheet. The problem is that 
of determining the pattern produced by a magnetic 
dipole adjacent to the cylinder. As the magnetic dipole 
is allowed to approach the surface of the cylinder, the 
effect of a slot in the cylinder is obtained. 

Having obtained expressions for the far-zone fields 
produced by an elemental slot, it is possible to use these 

results to obtain the radiation from slots of finite length 
by carrying out the appropriate integration. Since only 
a knowledge of the far fields can be obtained by this ap-
proach, the method described furnishes information on 

3 In engineering practice, the term ellipticity rather than eccen-
tricity is more commonly used. It is defined as the ratio of the length 
of the semi-major axis of an ellipse to the length of the semi-minor 
exis. ji,n this paper, it is denoted by the symbol a/b. 
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(0) 

only the real part of the terminal impedance; that is, 
only the radiation conductance of the slot can be de-
termined. 

Elliptic cylinder co-ordinates (u, v, z) are related to 
Cartesian co-ordinates (x, y, z) by the transformation 

x iy = co cosh (u -I- iv). (1) 

Expanding and equating real and imaginary parts, one 
obtains the equations of transformation 

x = co cosh u cos y (2) 

y = co sinh u sin y (3) 

z = z (4) 

where 2c0 is the distance between the foci of the ellipse. 

(b) 

v • If/2 

V•0 

Fig. 1—Elliptic cylinder co-ordinate system. 

Figs. 1(a) and (b) show the system of co-ordinates 
which is used. The elliptic cylinder is assumed to be in-
finitely long with its walls perfectly conducting and in-
definitely thin. The longitudinal axis of the cylinder is 
taken as the z-axis of the co-ordinate system. Unless 
otherwise stated, notation and definitions of the elliptic-
cylinder functions used in this paper are the same as 
those used in current practice.' (See Appendix for a list 
of the definitions of elliptic cylinder functions.) 

III. FAR-FIELD EXPRESSIONS OF SLOTS 
IN AN ELLIPTIC CYLINDER 

(a) Axial Slot 

Consider the distant source of plane waves to be 
produced by an elemental magnetic dipole of magnetic 
moment Kdl, where K is the magnitude of the mag-
netic current. The electric field of this incident plane 
wave polarized in the O-direction as shown in Fig. 1(b) 
is expressed by 

iKdl 
E = — exp (ikR iwt). 

2XR 
(5) 

4 J. A. Stratton, P. M. Morse, L. J. Chu and R. A. Hutner, 
"Elliptic Cylinder and Spheroidal Wave Functions," John Wiley and 
Sons, Inc., New York, N. Y.; pp. 53-61; 1941. 

The mathematical analysis for the total diffracted field 
around the elliptic cylinder will not be given. The 
method is straightforward, and for a more complete 
account, the reader is referred to P. S. Carter' and G. 
Sinclair.' Having obtained the magnetic field at any 
arbitrary position (u, v, z) near the cylinder, it follows 
by application of the reciprocity theorem that the ex-
pression for the radiation field from an elemental slot 
located on the surface of the cylinder at (uo, v, z) and 
excited by a voltage V is 

dl exp (ikz cos 0) 
= sin OViir 

XI 

00 

E 
Se(, cos v) 

 Se„,(c, cos (1)) 
ni nHem ov(c, cosh uo) 

So„,(c, cos y) 

N„,°Ho„,(2)1 (c, cosh uo) 
So,,,(c, cos 4.))}. (6) 

In (6), the primes on the functions He„,(2) '(c, cosh uo) 
and Ho,„(2) ' (c, cosh uo) denote derivatives with respect 
to the variable u. 

In order to obtain the radiation of a slot of finite 
length, it is simply necessary to integrate (6), taking into 
account the variation of the electric field along the 
length of the slot. Consider a slot of length / sym-
metrically located with respect to the x—y plane as seen 
in Fig. 1(b). The field distribution in the slot is described 
by V= Vog(z), where Vo is the maximum value of the 
applied voltage across the slot, and g(z) is an arbitrary 
function of z. This assumption is valid for narrow slots 
where the radiation pattern is independent of the dis-
tribution of electric field across the slot. 
The resulting expression for the radiation field be-

comes 

VoN/27r sin O in +112 

E4, =   g(z) exp (ikz cos 0)dz 
XR .1 —112 

ins { Se„,(c, cos v) 
 Sem(c, cos 0) 
Nmerlen,(2) '(c, cosh uo) 

So„,(c, cos v) 
± 

rn=0 

N„,°Ho,n(2)'(c, cosh uo) 
Som(c, cos 41)} . ( 7) 

By prescribing the function g(z) it is possible to obtain 
(7) in closed form. 

(b) Transverse Slot 

In directions other than the horizontal plane, a trans-
verse slot in an elliptic cylinder radiates waves having 
both O and cl) components of electric field. The method 
of approach follows in much the same manner as for an 
axial slot. The results of this evaluation are summarized 
below. For an elemental transverse slot located at 
(uo, v, z) on an elliptic cylinder and excited by a voltage 
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V, the expressions for the far-zone electric-field com-
ponents are 

E Vdl exp (ikz cos O — ir/ 2) 
e 

N/27r huR sin 

Se„,(c, cos v) 
 Se„,(c, cos 0) 
AT,,,eHe„, (2) (c, cosh Vo) 

Som(c, cos y) 

c' 44 • (8) N,,,c'Ho,. (2) (e, cosh /to) 

cos O exp (ikz cos O i7/2 

\nor 11R sin O 

Se„,'(c, cos v) 
 Se,„(c, cos 0) 
N„,e,r-le„,(2)'(c, cosh no) 

cos y) 
 So„,(c, cos o5)} . (9) 
N„,°11o,,, (2) '(c, cosh /to) 

In (9) the prime on the functions Se„,i(c, cos y) and 
So,,,'(c, cos v) denote derivatives with respect to the 
variable v. 
A more practical problem is the radiation of a trans-

verse slot of finite length. This problem is somewhat 
more difficult than the case of a finite axial slot, because 
of the difficulty in carrying out the appropriate integra-
tion. However, if the function representing the varia-
tion of electric field along the slot is integrable, then it 
is possible to obtain an expression for the radiation in 
closed form. The problem will be restricted to a finite 
transverse slot symmetrically located about the major 
axis of the ellipse and situated at z = 0 as shown in Fig. 2. 

00 

IN... 

Vdl 
=   

m=0 

V= 1/2 

Fig. 2—Slot of angular length 2v0 located at y = 0. 

The variation of electric field along the slot is assumed 
to be represented by the function, V= Vo (v) where (v) 
is an arbitrary function of v only. 
By specifying e(v) to be an even function of o and 

performing the appropriate integrations on (8) and (9), 
the resulting expressions for the radiation fields of a 
finite transverse slot of angular length 2vo are 

Vo exp (— ir/2) 
14/ El) = 

R sin 

E i-m_o Nmellem(2,(c, cosh no) 
cos 0) 

vo 
(v)Se„,(c, cos v)dv, (10) 

Vo cos O exp (ir/2) 
E4, 

R sin 0 r ir 

. E illè 
N„,°Ho„, (2) '(e, cosh /to) 

Sa„,(c, cos 0) 

•fo 
vo 

e(y)So„,'(c, cos v)dv. 

Calculated radiation patterns using ( 10) are shown 
in Fig. 3 for a short-transverse slot in cylinders of vari-
ous size and shape. An arbitrary slot length of X/8 is used 
throughout and the electric field distribution in the 
slot is assumed to be triangular. For the cylinders con-
sidered, it can be seen that the size and shape have rela-
tively minor effect on the radiation pattern, the pat-
tern remaining nearly cardioid in shape for all cases. 
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Fig. 3—E0 field from X/8 transverse slot in elliptic cylinder. 
Field in horizontal plane 0 = 012. 
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1  " 
1) = — 

li j o 
fo E4,E0* R 2 sin Od0(10, (12) 

where Ee* is the conjugate of E4. 
From the orthogonality property of the angular 

Mathieu functions, it is known that the following exist 

and 

fo 

fo 
2r 

Sej(C, cos 43)Sei(c, 

o i j 
cos 0)dci) = 

Nie i = j, 

2r 

Sej(C, cos cp)Sof(c, cos 0)(45 = for all j and j. 

A similar result exists for odd angular functions. Substi-
tuting the expression for E4, into ( 12) and applying the 
orthogonality property, power radiated by the short-
axial slot is 

¡dl y 2_71 *e. (Se„,(c, cos 0) 2 
_ 

p=v2_ f 
Tsin3 0 E   

\Ono A T”‘e e „,(2)' (c, cosh u 

(So„,(c, cos v)) 2 
+ E  , (10. (13) 

m-o N,„°1 Ho„,(2)'(c, cosh uo)1 2 

Since the expression above is an even function of 0 with 
respect to 0=7r/2, the limits of the integral can be 
changed to 0 and r/2. The radiation conductance can be 
obtained immediately from ( 13) since it is defined zs 
the ratio of the total power radiated to the square of 
the voltage supplied across the slot. Hence the expres-
sion for the radiation conductance of a short-axial slot 
located arbitrarily on the surface of an elliptic cylinder 
is 

4. dl 2 T12 (Se,,,(c, cos v)) 2 
G0— (--) sin' 0 E 

77 X fo X„,' Ile,,,(2"(c, cosh u0)1 2 

(So,„(c, cos v)) 2  
+ E   dO. (14) 
mO 1\r„°1 Ho„i(2)'(c, cosh u0)1 2 

The value of this integral cannot be determined ana-
lytically, but can be evaluated by a graphical integra-
tion method. A simplification of ( 14) results when the 
slot is located on the major axis of the ellipse. For this 
special case, it is known that 

Sc,„(c, cos v) = 1 and So„,(c, cos y) = O. 

Consequently 

G0=4±rédly f ei2 *5 E  sin' 0 
,  0d. (15) 

\x/ Jo —0 N.,.j lle.(2)'(c, cosh /4)1 2 

For a practical, short, center-fed slot, the electric-field 
distribution in the slot is approximately triangular; that 
is, the electric field will be maximum at the midpoint and 
zero at the ends of the slot. This approximation will be 
valid for lengths less than about a quarter of a wave-
length. The power radiated will be one-fourth of that 
radiated by a uniformly fed slot, and consequently the 
radiation conductance of a practical short slot will be 
just one-fourth of the value computed, using ( 14). 

Quantitative results for the radiation conductance of 
an axial slot are shown in Figs. 4 and 5 on the assump-
tion that the electric-field distribution along the slot is 
triangular. A cylinder having dimensions a= 0.387X, 
b = 0.0968X was used in the computations, and Fig. 4 
illustrates the effect of length of slot on the radiation 
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CYLINDER DIMENSIONS 
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SLOT LENGTH— I/). 

_ 

Fig. 4—Radiation conductance of axial slot in elliptical cylinder. 
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V- ANGULAR POSITION ALONG SURFACE 

V.00 

Fig. 5—Effect of position of axial slot on the radiation 
conductance. 

conductance. Furthermore, the radiation conductance 
of an axial slot is a function of its position on the surface 
of the cylinder, and this effect is shown clearly in Fig. 5. 
The curve shows that maximum radiation is obtained 
for a slot located on the major axis and decreases in 
value as the distance from the major axis is increased. 
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(b) Radiation Conductance of Short- Transverse Slot 

The determination of the radiation conductance of a 
transverse slot follows in precisely the same manner as 
that for an axial slot. The slot is assumed to be sym-
metrically located about the major axis of the elliptic 
cylinder, and that the electric-field distribution is as-
sumed to be triangular. The total power radiated in 
terms of the electric-field components is 

P = f 2r f r (4E0* E0E0*)R2 sin Bade. 
TI 0 0 

The expression for the radiation conductance is found 

to be 

4 ipr i2 Go = — J(Po Po)clO. 
o 

(16) 

The functions Pe and Po are defined as 

(.§-'e,n(c, cos vo)) 2 
Po = E  , (1?) 

m_o sin ON„,eI He„, (2) (c, cosh uo)1 2 

where 
VC, 

.-e„,(c, cos vo) = f Sem(c, cos v)dv = 
o 

and 

0.30 

0.25 

u ois 
o 
o u 
e 0.10 
5. 
o 
cr 

0.05 

o 

sin nvo 
D„"'  

n=0 

coe e(so(c, cos vo)) 2 
Po = E ,n_o sin ON„,° I Ho„,(2)'(c, cosh no) 12 

(18) 

2 

LENGTH OF SLOT "1". 0.125 A 

SEMI- FOCAL LENGTH 0.625X 
2 SEMI- FOCAL LENGTH 0.375A 

le e 6 4 2 
ELLIPTICITY— 0/5 RATIO 

Fig. 6—Radiation conductance of transverse slot in elliptical 
cylinder. 

Since the electric-field distribution is assumed to be 
triangular, the radiation conductance of the slot is one-
fourth the value computed using ( 16). 

Quantitative results for the radiation conductance of 
transverse slots in cylinders of different sizes and el-
lipticities are presented in Figs. 6 and 7. Fig. 6 illus-
trates the effect of ellipticity of the cylinder on the radia-
tion conductance, and it shows clearly that the radia-
tion conductance is enhanced greatly for slots on thin 

cylinders (large a/b ratios). Two values of semi-focal 
length are used in order to determine the effect of size 
of cylinder on the conductance as well as shape. In Fig. 7 
the radiation conductance of a transverse slot is plotted 
as a function of the length of slot. Cylinders of three dif-
ferent shapes are considered, curves A, B and C cor-
responding to a/b ratios of 10, 4, and 1.6 respectively. 
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oo 

INFINITE PLANE 
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Fig. 7—Variation of conductance of transverse slot with slot 
length "/." 

In order to gain a measure of the effect of curvature 
of the surface on the radiation conductance, the radia-
tion conductance of a transverse slot in an elliptic 
cylinder is compared with a corresponding length of slot 
located in an infinite-plane conducting surface. The elec-
tric-field distribution is likewise assumed to be tri-
angular, and further, the slot is assumed to be radiat-
ing on only one side. An approximate expression for the 
radiation conductance of a slot with these assumptions 
is Go = ( 1/360) (//X)2 mhos. Fig. 8 illustrates the effect 
of the curvature of the surface on the radiation con-
ductance and it is also observed that the shorter the 
length of the slot, the more pronounced is this effect. 
As an example, for a slot X/8 long in a cylinder having 
dimensions a = 0.377X, b = 0.0377X, the radiation con-
ductance is increased by a factor of about 5. For a 
shorter slot length of say, X/20, the factor is increased 
to about 14. 

V. CONCLUSIONS 

Radiation patterns and curves of radiation con-
ductance have been presented for axial and transverse 
slots in cylinders of elliptical cross section. The radia-
tion conductance is shown to be influenced consider-
ably by the degree of curvature of the surface on which 
the slot is located. 

APPENDIX 

Some definitions of the elliptic cylinder functions are 
listed on page 1177. 
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Fig. 8—Ratio of conductance of transverse slot in cylinder to 
conductance of slot in infinite plane. 

Even angular Mathieu function 
00 

Se„,(c, cos y) = D„'n cos ny, 
n=0,1 

where c = cok sin 61, k=2/r/X. 
The prime on the summation sign denotes a summa-

tion over even values of n if m is even and over odd 
values of n if m is odd. 
Odd angular Mathieu function 

00 

som(c, cos y) = F„'n sin ny. 
n=1,2 

The conditions imposed upon the coefficients D„''' and 
F„'n are respectively 

r D."' 
n=0 

E' //F.- = 1. 
n=1 

Even radial Mathieu function 

Ze„,(c, cosh u) = 71- E' im-nD„"0„(c cosh u), 
2 „_0 

where Z„(c cosh u) is any cylinder function. 
Odd radial Mathieu function 

Zo,n(c, cosh u) = tanh u E' i"-- mnli„"0„(c cosh u). 

The normalization factors N„," and N„,° can be evaluated 
from the definitions 

00 

iVme = {2(Dom)2 (D„'n)2} 
n 

when m is even. 

when m is odd. 

00 

Nme = (D„'n)2 

00 

N.° = y•E' (Fnm)s. 
n=1 
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Microwave Measurements on Metallic Delay Media* 
SEYMOUR B. COHNt, SENIOR MFIER, IRE 

Summary—This paper presents rf index-of-refraction data for 
metallic delay-lens media containing square and circular obstacles. 
The equipment used in measuring this data is described, and the 
necessary correction formulas are given. The test specimens con-
sisted of alternate layers of polyfoam spacers and thin polystyrene 
sheets imprinted with conducting obstacles. The data may be ex-
tended readily to other techniques of fabrication. 

* Decimal classification: R310. Original manuscript received by 
the Institute, January 13, 1953. Presented 1953 IRE Convention, 
New York, N. Y. Work described here was performed at Sperry 
Gyroscope Co., part of a program of research under Contract No. 
W36-039-sc-38250 for Evans Signal Laboratory, U. S. Army Signal 
Corps. This paper is last of a series resulting from the research. 
t Head of the Microwave Group of the Engineering Division, 

Stanford Research Institute. Prior to February, 1953, with the Sperry 
Gyroscope Co., as Research Engineer in the Microwave Instruments 
and Components Department. 

INTRODUCTION 

S
YM METRICAL ARRAYS of square or circular 
thin obstacles may be used in the design of metal-
lic delay lenses where performance characteristics 

independent of the angle of polarization are desired. 
Approximate formulas have been given for thin-obstacle 
arrays,L2 but rigorous solutions, having sufficient ac-
curacy for practical design use, appear to be a virtual 
impossibility at the present time. Therefore, a measure-

1 W. E. Kock, " Metallic delay lenses," Bell Sys. Tech. Jour., vol. 
27, p. 58; January, 1948. 

1 S. B. Cohn, "The electric and magnetic constants of metallic 
delay media containing obstacles of arbitrary shape and thickness," 
Jour. Appl. Phys., vol. 22, p. 628; May 1951. 
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Fig. 1—Dielectrometer apparatus used for index-of-refraction measurements. 
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ment program described in this paper has been carried 
out on these arrays in order to provide accurate index-
of-refraction data. The metal-strip array, on the other 
hand, is susceptible to precise analysis, but its use is 
limited to a single polarization. Formulas for the strip 
medium derived by various authors have been discussed 
and compared with measured data in another paper.3 
The index of refraction of a delay medium is constant 

only at low frequencies, and increases more and more 
rapidly with frequency until an attenuating, or opaque, 
band is reached. The low-frequency index of refraction 
of square and circular-obstacle arrays has already been 
determined by an analog method utilizing an electro-
lytic tank.' These data may be applied to the design of 
media whose obstacles and spacings are very small 
fractions of a wavelength. In the microwave range it is 
often more practical to make the obstacles and spacings 
relatively large, even though this necessitates operation 
in the region of varying index of refraction. The data 
presented in this paper cover this region, and make the 
design of such media possible. 

M EASUREMENT TECHNIQUE 

The measurement apparatus, shown schematically in 
Fig. 1, is of a type described in considerable detail by 
R. M. Redheffer.5 The frequency range of operation is 
4,500 to 6,500 mc. Two paths are provided between the 
generator and the detector, one through free space and 

3 S. B. Cohn, "Experimental verification of the metal-strip delay-
lens theory," Jour. A pm. Phys., to be published in 1953. 

4 S. IL Cohn, "Electrolytic-tank measurements for microwave 
metallic delay-lens media," Jour. App!. Phys., vol. 21, p. 674; July, 
1950. 

6 R. M. Redheffer, "Technique of Microwave Measurement," 
Radiation Laboratory Series, vol. 11, Chap. 10, McGraw-Hill Pub-
lishing Co., New York, N. Y.; 1947. 

PHASE 
SHIFTER 
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TUNEABLE 
CRYSTAL: 
DETECTOR 

ATTENUATOR 

It 

E LANE 

the other through waveguide. The attenuators mini-
mize interactions between the various elements, and 
provide a mean of amplitude adjustment. The paths are 
initially adjusted to produce signal cancellation at the 
detector, and then the dielectric sample is inserted and 
the transmitting horn moved by a measured amount in 
order to re-establish a signal minimum. If several sources 
of error to be considered later are neglected, the index of 
refraction of the sample may be calculated from 

à nx 
± 

D 
(1) 

where is the displacement of the transmitting horn to-
ward the receiving horn after the sample is inserted, D 
is the sample thickness, n is zero or an integer, and X 
is the free-space wavelength. The ambiguity in n may 
be resolved easily in all cases. 
The measurement apparatus was checked in order to 

determine the importance of various sources of error. 
First, with no specimen present, the motion of the trans-
mitter horn between successive minima was measured 
and found to agree with the free-space half wavelength 
within 0.2 per cent. Next, tests were macle on a 12-inch-
square slab of polystyrene 0.75 inches thick, and the 
data corrected for internal reflections by the method 
given by Redheffer.5 The results indicated that meas-
urements on the index of refraction of metallic delay 
samples could be relied on within one per cent. In order 
to achieve this accuracy, it was found necessary to dis-
place the sample horizontally and vertically by an 
amount such that the diffracted wavelets from opposite 
edges would arrive at the center of the receiving horn 
180° out of phase. Also, to eliminate an error due to 
interaction between the specimen and the receiving 
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Fig. 2—'1'he square and circular-obstacle media considered in this paper. 

horn, it was necessary to average the measurements 
taken at two axial positions of the specimen separated 
by a quarter wavelength. These precautions were fol-
lowed in all cases. 
The delay specimens were 14 inches square and 5 

inches thick. They consisted of alternate layers of poly-
foam spacers and thin polystyrene sheets printed with 
conducting obstacles. The obstacle patterns, about 12 
inches square, were applied by the silk-screen process 
with DuPont No. 4929 silver paint, which has been 
found to have very good microwave conductivity. The 
sheet thickness was 0.005 inches, the minimum usable 
without puckering. The assembly was held in rigid 
alignment by 3/4-inch polyfoam slabs in front and 
back, and by a lucite frame around the edges. The 
thickness from the first to last sheet of obstacles was in 
each case approximately 3.5 inches. The index-of-re-
fraction data given in this paper were taken on five 
square-obstacle patterns and five circular-obstacle pat-
terns as shown in Fig. 2, with various values of 1. Other 
data were taken on rectangular obstacles, but being of 
limited interest, are not included here. 

PHASE CORRECTIONS 

In order to compute accurately the index of refrac-
tion from the measured transmission phase shift of the 
specimen, it is necessary to take account of two sources 
of phase-shift error. One is the phase angle of the trans-
mission coefficient at each boundary between the speci-
men and air, and the other is the error caused by reflec-
tion interactions within the specimen. The first is pecu-
liar to artificial dielectrics, since the phase angle of the 
transmission coefficient is completely negligible in 
molecular media. It arises from the discontinuity sus-
ceptance occurring at the surface of any array of uni-
form obstacles. The second phase error occurs in all 
dielectric media, but is intensified by the presence of a 
discontinuity susceptance. Formulas taking these effects 
into account will now be developed. 
Assume a plane boundary between two semi-infinite 

media with normal incident and reflected plane waves in 
region I and a transmitted wave in region II, as shown 

_ I_ 

in Fig. 3(a). Let EA, EB, and .E0 be the respective com-
plex electric-field amplitudes of the three waves at the 
boundary. Then 

EB 
— 
EA 

.E0 
11= — = 1+ ri 

EA 
(2) 

where nand 11 are the reflection and transmission coeffi-
cients at the boundary. By applying transmission-line 
theory, one finds that nand ti are given by 

r1 = 

ti = 

Y01 YO2 iBd 

YO1 YO2 jBa 

21701 

Y01 YO2 iBd 

(3) 

(4) 

where l'oi and 1702 are the characteristic wave admit-
tances of the two media, and Bd is the shunt susceptance 
at the boundary. 

In the case of a medium having parallel-plane sur-
faces, as shown in Fig. 3(b), the ratio of the electric-
field amplitudes of the normal transmitted and inci-
dent waves is given by5 

EF tii2e--ikaD 

EA 1 r2e- j2leaD (5) 

where kd is equal to 27r/Xd, and Xd is the wavelength in 
the delay medium. The other symbols are defined in 
Fig. 3(b). From (3) and (4) one obtains the following 
equations for r, ti and /2. 

r = 

11 = 12/Y! — 

yr — 1 — jBd/Yo 

Y, + 1+ jBa/Yo 

2 

yr ± 1+ jBa/Yo 

(6) 

(7) 

where Yo is the characteristic impedance of free space, 
and yr= Yr/Y0 is the normalized image impedance of 
the medium measured in an obstacle plane. 
The phase lag between EF and EA is obtained from 

(5) by taking the negative of the angle in the complex 



1180 PROCEEDINGS OF THE I.R.E. September 

plane of the right-hand side. This phase shift is also 
equal to kD-Fkià-F2rn radians, where k= 2w/X, X is space 
wavelength, n is zero or an integer, and à is the horn 
displacement defined earlier. Hence 

kD k.à 2rn 

= k dD — L 412 (1 — r2e- 'nail) radians. (8) 

The index of refraction of the medium is given by the 
ratio of the internal phase shift kdD to the phase shift 
kD in the same distance of free space. Therefore, with 
the aid of ( 1), 

X Z 412 X L ( 1 — r2e-- llkdO) 
n = no + 

2rD 2rD 
(9) 

The second term on the right of the equal sign is the 
contribution of the transmission-coefficient phase angles, 
and the third term is the effect of reflection interaction. 

Fig. 3—Wave parameters at single and double boundaries 
between two media. 

Let 
Ot.= — Z1112 degrees 

= L ( 1 — r2e-12 kdD) degrees, 

then the corrected index of refraction is 

X448 Xdc, 

(0) 

n = 
360D 360D 

(10) 

(12) 

For the delay-media samples D/Xe•--•• 2. Hence, in order 
to have the error in n due to errors in 01. and (/),. remain 
less than 0.015, the sum of these angles must be known 
to within 11°. 

Substitution of ( 7) in ( 10) yields 

([ 1) es = — Z   
4yr 

[] yr  2 + I + 
Yo 

= 2 tan-' 
r  Bilyoi 
Li + yr 

If now the surface obstacles are assumed equal to the 
internal obstacles, Bd will be one half of the susceptance 
B of an isolated sheet. In a typical case, 44 may be as 
large as 60°, and therefore cannot be neglected. 

It is convenient to express 01. as follows 

(13) 

cbt. = cin + t,', (14) 

where 44 = tan -- ' (B/2 Yo), the major part of c/h., is the 
phase shift of a single sheet measured by the dielectrom-
eter, and is a residual quantity given by 

  tan'— • (15) Om' = 2 tan-4 [ Yo 
2170 

Is° 

10° 

5° 

0. 

50 

1o° 

MAX 
MIN 

0° 

(o) 

fiU I 
  B .2.0 

Y. 

0.5 ; 5 ii  

075 

o 0.5 1.0 

(b) 

.5 

Fig. 4—Phase-shift errors. (a) Residual transmission-coefficient 
phase shift after subtracting phase shift of an isolated sheet, 
Bd=B/2; (b) Extreme values of phase-shift deviation due to 
internal reflections. 

This is plotted in Fig. 4(a) as a function of B/ Yo and Yr. 
Values of (1)1„' may be determined within a few degrees 
from measured values of B/ Yo, and judicious estimates 
of yr. The latter were obtained from the known yr curves 
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for the metal-strip medium6 by matching the cor-
responding index of refraction curves. 
The extreme values of d),. may be deduced from (6) 

and ( 11) to be 

r(Yr — 1)2 + (Bil 
(Or) max/min = sin' l. (16) 

L(yr + 1)2 ± (Bd/1'02 
This is plotted in Fig. 4(b) with Bd equal to B/2. It is 
seen that er can be neglected for all but the largest 
values of B/ Yo (which correspond to the largest ob-
stacles tested). For the latter cases, Bd was reduced or 
eliminated by using smaller obstacles on the surfaces, 
thus reducing Or to negligible importance. This also re-
duced dh„ and its value was computed by ( 13) using the 

residual Bd and an estimate of yr. 

TIIE M EASURED DATA 

Phase-shift measurements over the 4,500 to 6,500 mc 
range were first made on single sheets of obstacles, and 
then arrays of each pattern were tested over the fre-
quency range with different spacer thicknesses. The in-
dex-of-refraction points were computed in the manner 
described above, and are plotted in Figs. 5 through 10. 
The index-of-refraction values at b/X = 0 could not, 

of course, be measured by the dielectrometer, but were 
calculated from the electrolytic-tank values of BX/ Yob 
already available.' The following formula was used 

b BX 
n(o) = N/K„Vi — [ Bx (17) 

2.7r1 Yob Yob 

where K1 is the dielectric constant of the polyfoam spac-
ers, about 1.03, and 5(BX/ Yob) is the contribution of 
the polystyrene sheet. It has been found that for small 
sheet thicknesses the following formulas for the sus-
ceptance increment hold with good accuracy: 

BX 2rt { K r  d/b 1 _ di _ 11 
5 — 
Yob b Kt Ll — d/b b 

BX 2,1  ÇK  r 1. 77d/b 
— _ 
Yob — N/3 b kKI Li — 0.886d/b 

o  1.77d1 v3} 

b J 

for squares, ( 18) 

for circles, ( 19) 

where K is the dielectric constant of polystyrene, about 
2.5, t is the sheet thickness, and d and b are defined in 
Fig. 2. The points determined by ( 17), ( 18) and ( 19) 
are plotted in Figs. 5 through 10, and the resulting 
curves are seen to have the shape expected theoretically. 

It must be remembered that the index-of-refraction 
data plotted in Figs. 5 through 10 apply only to the di-
electric materials and dimensions utilized in the test 
specimens, and may be appreciably affected by altera-

6 S. B. Cohn, "Analysis of the metal-strip delay structure for 
microwave lenses," Jour. Appt. Phys., vol. 20, pp. 257-262 and p. 
1011; March and October, 1949. 

tions of these parameters. However, it is possible to 
extend these data to other frequency bands, dielectric 
constants and sheet thicknesses, as shown below. 

30 

29 

2.8 

27 

26 

25 

2.4 

01 02 03 

13/1 

0.4 05 06 

Fig. 5—Index of refraction of square obstacles on 0.005-inch 
polystyrene sheets spaced by polyfoam, 0=0.25. 

EXTENSION OF THE DATA 

The graphical data may be used directly in other fre-
quency ranges by scaling b, d, 1 and t proportional to X, 

and using the same K and ICI. If t/X, K and IC1 are 
changed, the effect on the index of refraction may be 
determined as follows: 
The only important effect of a thin dielectric sheet on 

the equivalent circuit of a printed obstacle pattern is to 

increase the shunt susceptance, B. Therefore, for small 
thicknesses, a change in t may be considered to have the 
same effect as a change in d/b, if in the two cases the 
total shunt susceptances are made identical. This con-
clusion justifies the following simple procedure for tak-
ing into account a change in sheet thickness. First, 
calculate n(0) by ( 17), ( 18) and ( 19) for the particular 
d/b, lib and dielectric sheet involved, assuming K1= 1.03. 
Then plot this point on the index-of-refraction graph 
for the sanie 1/b. Finally, starting with this zero-fre-
quency point, interpolate the new index-of-refraction 
curve between the adjacent curves on the graph. For 
example, if the starting point lies half way between 
two curves, then the remaining points will lie half way 

between these curves. 
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Fig. 6—Index of refraction of square obstacles on 0.005-inch 
polystyrene sheets spaced by polyfoam, 1/1)=0.35. 
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Fig. 7—Index of refraction of square obstacles on 0.005-inch 
polystyrene sheets spaced by polyfoam, 1/1, =0.50. 

The above procedure assumes the dielectric constant 
K1 of the spacers to be unchanged from 1.03. If K1 is 
changed, the new index-of-refraction curve should then 
be corrected by the following general relationship for 
metallic-obstacle arrays embedded in a uniform medium 
of dielectric constant K1. 
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Fig. 8—Index of refraction of circular obstacles on 0.005-inch 
polystyrene sheets spaced by polyfoam, 1/h =- 0.25. 
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Fig. 9—Index of refraction of circular obstacles on 0.005-inch 
polystyrene sheets spaced by polyfoam, 1/b=0.35. 

77 
ni = = N (—) 

Xi 
(20) 

77 and ni are the indices of refraction relative respectively 
to air and to a medium K1, and X1 is the wavelength in 
K1. N(b/Xi) is independent of changes in K1 if b/X1 is 
maintained constant. This relationship may be applied 
as follows: Let 77 be the index of refraction relative to 
air at frequency f for an obstacle array embedded in 
medium K1, and let n' andt be the corresponding values 
for the same obstacle array embedded in K1'. Then 

K1' 

77 = /1/—K1 ' 

f A/Kr 

V K1' (21) 
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Fig. 10—Index of refraction of circular obstacles on 0.005-inch 
polystyrene sheets spaced by polyfoam, 1/1)=0.50. 

By means of (21), a known curve of n versus f for one 
value of K1 can be transformed into the appropriate 
curve for a second value of K1. 

These methods of extending the original data have 
been applied to three different test pieces consisting of 

foam spacers with obstacles printed directly on their 
surfaces (i.e., 1=0). In two test pieces K. 1 was 1.06, and 
in the third test piece K 1 was 1.19. A different obstacle 
pattern was used in each test piece. In all cases, excel-
lent agreement was obtained between the directly-
measured index-of-refraction curves and the curves ob-
tained in the above-described manner. 

CONCLUSION 

It has been found that accurate r-f measurements of 
the index of refraction may be made on delay-medium 
samples of moderate size, if the various sources of error 
are carefully evaluated and taken into account. The 
graphical data presented in this paper is directly ap-
plicable only to the particular parameters involved, but 
may be extended easily by the method given in the text 
to cover a wide range of practical design possibilities. 
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The Calculation of the Path of a Radio-Ray 
in a Given Ionosphere* 

A. H. DE VOOGTt, MEMBER, IRE 

Summary—A third degree function is presented giving in a 
hypothetical way the electronic density in the ionosphere as a func-
tion of height or distance to the earthcenter: by inserting appropriate 
values of the constants, in accordance with measured values from 
ionospheric sounding stations, it is possible to arrive at any desired 
or proposed form of distribution (Chapman, Hulce .% though there 
is no physical base for this third degree curve given in this paper. 
This function allows, after substitution, to calculate exactly, i.e., 
without any approximation, traveling-time, reached maximum 
height, and reached distance on the earth's surface of a radio-ray 
radiated at a given angle. Briefly, the calculation of the ray-path in 
an ionosphere based on measured values and heights of ionization-
maxima at the ionospheric stations and based on arbitrarily selected 
values of gradients, is shown to be possible. 

INTRODUCTION 

A SSUMING NO INFLUENCE of the earth mag-
netic field nor of the collisional friction in the 
ionosphere and accepting horizontal layers with 

* Decimal classification: R113.75. Original manuscript received 
by the Institute, October 21, 1952; revised manuscript received 
April 20, 1953. 
t The Hague, 12, Kortenaerkade, Netherlands. 
I J. E. Hacke, PRoc. I.R.E., vol. 36, p. 724; 1948. 
2 John M. Kelso, PROC. I.R.E., vol. 38, p. 533; 1950. 

no horizontal gradient, it is possible to arrive at formu-
las in differential form, for traveling time, distance, 
maximum height, etc., of a radio-ray. In fact these 
formulas embrace the theorems of Martyn and Breit and 
Tuve3,4 for a curved earth. In these formulas the refractive 
index as a function of height or of distance to the earth-
center has to be introduced in such a way that the in-
tegrated form is algebraically solvable. It will be shown 
that a simple third degree equation may serve the pur-
pose in the meantime giving an acceptable electronic-
density curve. The form of this curve may be brought 
in close coincidence with any form of Chapman- or 
Hacke-distribution.' For the lower part of the iono-
sphere, the start is supposed to be made at 70 km height 
by a smooth curve, the tangent of which in the starting 
point is "vertical." The gradient of ionisation is increas-
ing up to a certain point (see curves of Figs. 3 and 4) 
where a second hypothetical curve is introduced with 
constants differing from those of the first curve and 
with decreasing gradient up to a maximum of ionisation 

3 D. F. Martyn, Proc. Phys. Soc., vol. 47, p. 323; 1935. 
G. Breit and M. A. Tuve, Phys. Rev. II, vol. 28, p. 554: 1926. 
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which is reached with "vertical" tangent at a given 
height. Thus the E-layer-maximum is reached and now 
the process restarts in the same way until the F-layer 

maximum is reached. In total, four different third 
degree equations are used and the formulas, simple at 
the beginning of this calculation process, are very com-
plicated towards the end though the mathematical part 
is simple. The numerical calculations are exceedingly 
cumbersome. In this paper only the simple start of the 
calculation is given in order to show the way of pro-

cedure and at the end the results of the calculations 
are given in a practical form and subsequently dis-
cussed. If the reader is interested in these calculations 
the author will be pleased to send a full account of the 
complete calculation on request (address: PTT-Radio-
Service, Scheveningseweg 6, The Hague). 

\s 

EARTH- CENTER 

Fig. 1 

I. 

In Fig. 1 is presented the trajectory of a radio ray 
through the ionosphere from a point A to a point E on 
the earth's surface via B, C and D. Fig. 2 gives on an 
enlarged scale the situation between two successive 
points P and Q in the ionosphere very close together. 
Applying the law of Snellius for a curved earth and 
ionosphere and assuming the refractive-index to be n, 
the distance of the earth-center r, rE the earth-center-
distance of the lowest part of the ionosphere, the angle 
of incidence in an ionosphere layer ck, the group-ve-
locity y and the velocity of light c, we have the basic 
equations: 

rrnp sin Op = r0,2 sin 4)(2 = rE sin oi 

n = f(r) 

= cn 

• (1) 

Simple mathematics (see remark at the end of the intro-
duction) lead to the formulas: 

rdr 
=   (2) 

c‘,/r2f2(r) — rE2 sin2 

TE sin ihdr 
de =-

rN/r2f2(r) — rE2 sin' 01 

The traveling time for the ray from B to E and the 
earth-center-angles O of the radius vector may be found 

(3) 

by integrating (2) and (3) under the condition that: 
n =f(r), is a known function and thaf by substituting 
this function the integrals are solvable. 

Now it is well known that: 

n2 = 1 — kN 

where N is the electronic density and 

8.1 
k = — f2.0 

if the frequency f is expressed in megacycles per second 
and N is the number of electrons per cm' divided by105. 
Instead of assuming a function for n the author pro-
posed in a former paper5 the use of the following 
function for N: 

b g 
kX = a — --

r T2 

where a, b and g are constants which may be found by 
boundary conditions. The final equation is accordingly: 

b g 
n2 = 1 — kY = 1 — (a — 

r2 
(6) 

For: r=rE, N ought to be 0, 

arE2 -F brE + g --- 0. (7) 

If the ionisation is starting smoothly at the point B 
(fig. 1) for r=rE; dN/dr ought to be 0, thus: 

—2g 
TE =   • 4ag = b2 

and finally: 

b = — 2arc; g = 

Equation (6) may now be written: 

arE2. 

a ( TE \ 2 

N = — 1 — . 
k r 

(8) 

The integration of (2) and (3) between r =rE and 
r=r,„.x is not difficult; rmax is formed by using (1) for 

5 A. H. De Voogt, l'Onde Elearique, vol. 30, No. 283, pp. 433-437; 
Oct. 1950. 
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0=90° at the top of the ray: 

TE 
U =   

sin cpi 

rmax 

giving with (6) and (8) 

a 4- N/sin2 951+ a cos2 
= rc (9) 

a — 1 

The result, which will be sent on request to the reader, 
is a series of complicated formulas for the traveling 
time-intervals TAB, TBC, etc. and the earth-center 
angles OAB, OBc, etc. 

We have to consider now more accurately the hypo-
thetic ionisation-curve defined by ( 6). In Fig. 3 the part 
of this 3rd degree-curve which is used to represent the 
ionisation of the lower ionosphere is given as a full-
drawn line. (The parts for r < rE and r > r,.„, are not drawn, 
being unnecessary.) 

6580 km rm I 

r 6mk±r1. 

F.' 1 

6370km 

rpi 

1)1 

rm i 
 4-

Nmax 

Fig. 3 

The constants which define this particular curve are: 

rE = 70 km and a= 200 for a frequency of 20 Mc/s. 
If another value of a is chosen the curvature of the 
ionisation-curve is changed. 
The attention of the reader may now be drawn to the 

fact that it is quite possible to use the same procedure, 
and the same ionisation-curve for rays of different 
radio-frequencies. This will be clear after the following 
reasoning. The ionisation-formula is given by (5) which 
equation may be written with (8) in the form: 

AT =. a (1 rE)2 
(14) 

Now by changing the frequency in: k=8.1/f,,,c2, k 
changes into k' and by changing a in a proportional man-
ner the quotient a/k remains unvariant and conse-
quently the equation ( 14) will show unaltered constants 
for variable frequencies. 

This means that the calculations are applicable to any 
desired frequency. 
Now the next step in this process is to end the curve 

at a certain point r„, and starting in r,, a new curve 
(dotted line in Fig. 3) of a type which is the reverse of the 

first curve. 
This second curve is defined by the point r„,,, Y,,ax 1 

and r„„ N,,. At the point of maximum ionisation r„„ the 

tangent to the curve is again "vertical" and in r„, both 
curves have the same tangent. The whole process may 
be repeated again for the next layer, the F-layer. Fig. 4 
gives the curves. The formulas are still getting more 
complicated though not difficult to understand. (See 
remark at the end of the " Introduction.") 

rm2 

1 

122 

18 35 
Np Nmi 

N 

Fig. 4 
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As an example the constants for the complete E- and 
F-layer ionisation curve of Fig. 4 have been chosen as 
indicated in that drawing. The calculation has been 

completed for the frequencies of 1; 1.5; 2; 3; 4; 5; 6; 7; 
10 and 20 Mc/s and for angles of radiation from zero to 
90°. The critical angles for which the ray passes through 
the layer or remains parallel to it, or, the optimum 0-
values for maximum and minimum distances on the 
earth surface, have been specially calculated. 

In a simplified form Fig. 5 gives a summary of results. 
The horizon t; ti axis is the earth surface taken to be a 
straight line; the indicated values of the distances are 
of course calculated according to the formulas of §I and 
§I I for a curved earth. One unit of 0, represents a distance 
of 111 km on the earth surface. 
The km-scale of height has been chosen in accord-

ance with the horizontal scale so that the picture gives 
the real situation above the earth surface. 
A complete series of drawings according to Fig. 5 for 

a number of ionospheric situations will be sent to the 
reader on request. 

For the frequency of 20 mc the ray passes through the 
F-layer down to a radiation angle of 21° 43'. At this 
angle the ray follows the layer till infinity, the maximum 
height reached is 283 km; for a radiation angle of only 
12' less the maximum height is reduced to 266 km and 
the ray reaches the earth at 2,630 km distance after 
9.94 ms traveling time. At A = 17° 31' a minimum dis-
tance is attained of 1,919 km (first skip-distance), at 
A = 12° 26' the distance is again increasing reaching in-
finity (parallel to E-layer) at 11° 21'. At 11° 19' the 
maximum height is 107 km, the distance 1,420, at 
5° 21' 30" there is again a minimum distance of 1,126 
km (second skip-distance); at A = 0°, an angle not met 
in practice, the distance is: 2,228 km. 

In Fig. 5 the same picture is given for 10 and 4 Mc/s on 
the same scale. 
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For 10 Mc/s again two "infinity"-distances appear 
and two minimum skip-distances; for 4 Mc/s no such 
definite distances exist and the ray reaches a further 
point the more the radiation angle is lowered. In prac-
tice the radiation-angles for the 20 Mc/s in Fig. 5 are 
covered by normal directive aerials, for 10 and 4 Mc/s 
the angles above 300 are rather too »high. 

It will be clear to the reader that the same distance 
may be covered by rays with different radiation angle 
giving interference; the difference in time of arrival is 
known by the calculation-method mentioned above. In 
Fig. 5 ( 10 Mc/s) the point at 729 distance is reached by 
four rays with a time of traveling difference of approx.. 
0.3 m. sec. between each other. 

CONCLUSION 

The examples given in paragraph 3 make it clear 
that it is possible to calculate exactly the path of a 
radio-ray when the ionisation-curve is given in a form 
based on formula (6). Curves for vertical incidence 
giving real and virtual heights may be constructed in 
order to compare them with the ionograms of iono-
spheric-sounding stations. This work is now in progress 
at the section: " Ionosphere and Radio-Astronomy" of 
the Netherlands P.T.T. Service. 

Furthermore it will be obvious to the reader that the 
system of calculating described here above is also ap-
plicable to an ionosphere with negative gradient, that 
is, for the upper part of each layer. Thus a complete 
ionosphere with one or more layers may be analysed and 
the angles O (and ck) by which a ray which penetrates the 
ionosphere, passes through it and leaves the earth, may 
be calculated. 

In the future for short waves (less than 10 meters) this 
feature will be of importance in order to find the cor-
rections for the angles of arrival of rays coming from 
rad iostars. 

In the example given in Fig. 4 the E.-ionisation has 
been taken on rather a high level (not often present in 
praxis). This is done with the object to demonstrate 
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the influence of the E-layer on F-layer-transmission. It 
is a simple matter to assume a weaker E-layer eventu-
ally with a negative gradient above the maximum. 

Finally one may ask if the approximation of Fig. 4 
based on formula (6) is justified. Writing (8) with a 
transformation of the variable r in h, the height above 
the earth (r =rE+h), we obtain. 

rE 2 

kAr = a — = a (1 

= a 
(4; + h — 

r E h 

2 
E 

TE h) 
h2 

it   
(VE h) 2 

and taking: rE-1-11.--:rE, because rE>>h, the final form is: 

krE2 
-- N = h2 
a 

which equation represents a parabola. 
The same argument holds good for the upper part of 

the curve from Fig. 3. The approximation is in fact an 
acceptable one.' 

It is difficult to take in account the magnetic field 
on the earth and its influence on the refractive index 
and the splitting of the ray caused by it. In every point 
of the ray the position of the field is different. But it is a 
happy circumstance that for angles of radiation of 5° 
up to 30° which are used in common practice, the mini-
mum value of the refractive index very seldom falls 
below 0.9, and the differences caused by the magnetic 
field may have a small influence. 
By effectuating the above calculations for a series of 

assumed ionospheric conditions one is able to get a 
better impression of paths of radio-rays and of quanti-
ties involved in the ionospheric-radio-transmission. 
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Discussion on 

Correlation and Linear Transforms* 
MARCEL J. E. GOLAY 

D. A. Bell:' While supporting entirely Golay's view 
that correlation methods are unlikely to produce any 
unique advantage, I think that in terms of applications 
there is more to be said in their favour and also some-
thing to be said against both correlation methods and 

linear transforms. 
The auto-correlation function (in relation to spectra) 

may be said to have been known to mathematicians 
since 19212 and perhaps to engineers since about 1945. 
Since it constitutes a fresh approach to an old problem, 
it would not be surprising if its general introduction to 
engineers did "spark the invention of new communica-
tion devices"—new devices but now new results. For 
example, the sine-wave detector described by Lee. 
Cheatham and Wiesner' appears entirely equivalent in 
performance to a very narrow filter. But as a device it 
has engineering advantages when the equivalent band-
width required is so very small. There is always an exact 
theoretical equivalence between a "time-plane" ap-
proach (e.g. correlation) and a "frequency-plane" ap-
proach (e.g. Fourier analysis), but this then leaves open 
the question of which device is actually easier to con-
struct. 
Golay is rightly critical of the correlation method for 

its abandonment of phase information, which is equiva-
lent to adopting the least-square-error criterion pro-
vided the noise is random and the signal characteristics are 
only available in a form which makes the signal "look like 
random noise." With these conditions either a correlation 
detector or a Wiener filter would give least-square-error 

and ignore phase. 
Now the reason for heading this note " Correlation and 

Linear Transforms" instead of "Correlation versus 
Linear Transforms" is that if phase information is avail-
able for either signal or noise we ought to (and we do in 
practice) scrap both correlation and linear-transform 
methods and use non-linear devices. It is non-linear de-
vices, not linear-transform devices nor correlation de-
vices, which in such cases are the basis of outstandingly 
useful devices like coherent detectors (homodyne, syn-
chrodyne, etc.), noise-limiters, frequency-modulation, 
pulse-slicers, etc. 

* PROC. I.R.E., vol. 41, P. 268; February, 1953. 
Department of Electrical Engineering, University of Birming-

ham, England. 
2 G. I. Taylor, " Diffusion by continuous movements," P roc. 

Math. Soc. (London), vol. 20, P. 196; 1922. Paper read in 1921, printed 
1922.) 

3 Y. W. Lee, T. P. Cheatham, Jr. and J. B. Wiesner, "Application 
of correlation analysis to the detection of neriodic signals in noise," 
PROC. I.R.E., vol. 38, p. 1165; October, 1950. 

Marcel J. E. Golay:4 Bell makes a number of well 
taken comments, and the purpose of this response is to 
point out that apparent divergences between Bell's 
views and the writer's views, as expressed in his article, 

arise essentially from semantics. 
In the first place one may well interpret Bell's stipula-

tion as to results to consider that a new device yielding 
old results more efficiently or more simply than before 
does constitute an outstanding useful application. If 
practical problems exist in which the correlation func-
tion is the thing desired, a device performing the cor-
relation calculations efficiently and with reasonably 
short samples would fall in the class thus defined. How-
ever, the existence of such problems is doubted. In the 
rather artificial problem of detecting a single, or pos-
sibly two weak spectral lines (Radio or Audio) sub-

merged in noise, the autocorrelation function can be 
interpreted by an observer making a mental Fourier 
transform. The engineering view is taken here that the 
correlation concept should be a means to an end and as 
such, constitutes a useful analytic tool at best. As an 
end in itself, this concept belongs in the realm of mathe-
matics and computing devices built for it belong in the 
class of mathematical aids. In these, efficiency can be 
sacrificed to ease construction. Sampling times can be 
tolerated which are considerably longer than would be 
acceptable in a computer designed for operational use-
fulness rn a radar system and contrived so as to preserve 
much of the information content of received signals. 

Bell's remarks about linear transforms and linear de-
vices raise a question of definition. The writer has taken 
the view that non-linear devices multiplying (hetero-
dyning) a received signal containing noise with a locally 
generated signal, produce a linear transform of the 
original, whereas non-linear devices multiplying a re-
ceived signal by itself, perform a non-linear operation.' 

D. A. Bell: The only point I wish to take up is the 
definition of "linear device." My criterion of a linear de-
vice is that it shall conform to the principle of super-
position, i.e. the output produced by simultaneous ap-
plication of two input signals must be equal to input. 
It is not at present apparent to me that Mr. Golay's 
view of the criterion of linearity is equivalent to this. 

4 Chief Scientist, Solder Signal Laboratory, Fort Monmouth, N. J. 
6 The writer would like to use thisoccasion to make a correction in 

the original manuscript. "The number 40.000 (4 n2) should be 30.000, 
and will be reduced to 27.500 if the Ci series appearing in (2) are 
replaced by Ci* =E". (> 0), 5000 additional sub-
tractions being required for this." PROC. I.R.E., vol. 41, p.270; Feb-
ruary, 1953. 
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Correspondence 
Instantaneous Frequency* 

The letter contributed by J. Shekel pub-
lished in the April 1953 issue of PROCEED-
INGS OF THE I.R.E. raises sonic interesting 
issues. 

Along, I am sure, with a fair proportion 
of communications engineers, I have derived 
in the past a great deal of practical use from 
the concept of "instantaneous frequency," 
which Shekel would like to see "banished for-
ever from the dictionary of the communica-
tion engineer." " Banishing" would presuma-
bly have to start from I.R.E. Standards on 
Modulation Systems ( 1948) (pages 7 and 8) 
where such concepts as "Frequency Devia-
tion," "Frequency Swing" and the contested 
"Instantaneous Frequency" are defined. 
Shekel's suggestion, if literally applied, cer-
tainly creates some practical difficulties. It 
would no doubt be considerably more diffi-
cult to explain "Frequency Deviation" as a 
"product of certain Bessel function argu-
ment and modulation frequency" to an en-
gineering student than to do so using the 
present definition. Similarly, "Swept-fre-
quency generator" (a useful instrument) 
would have to acquire a considerably more 
sophisticated name, and even the term "fre-
quency modulation" would have to be aban-
doned, since "modulation" implies "varia-
tion" and something varying is logically ex-
pected to have an "instantaneous" value. 

Without quibbling, however, about ter-
minology, it is my opinion that "instantane-
ous frequency" is a useful concept, which can 
and should be defined rigorously, without 
the necessity of resorting to its "intuitive" 
interpretation. 

Following Shekel's interesting observa-
tion about a real value not being uniquely 
defined as a real part of a complex value, I 
would like to suggest a definition of instan-
taneous frequency as: 

d 
wingt — arg 115 exp j(coa 9f.k) ( I) 

where At., cok and (Pk are all constants as-
signed to the k-th spectral component of the 
described wave-shape. 
I am sure the above would not constitute 

a new definition, but one which, if not clearly 
stated, is at least strongly implied in many 
papers making use of the concept of "instan-
taneous frequency," starting for example 
from the very basic treatment of frequency-
modulation problems by Carson and Fry.' 

Thus, our real function of time might 
be represented by projections on the real 
axis of many time-dependent phasor sets, 
but we choose deliberately only one such set, 
namely: 

k—rn 

f(I) = Re A5 exp j(cukt -F fkk) 

thus conveniently connecting the practical 
working concept of "instantaneous" fre-
quency with the undoubtedly more signifi-
cant physically concept of spectrum data. 

• Received by the Institute. April 22, 1953. 
J. R. Carson and T. C. Fry, "Variable frequency 

electric circuit theory with application to the theory 
of frequency modulation." Bell System Tech. Jour.. 
vol. XVI, pp. 513-540; October 1937. 

Shekel's (7) introduces another definition 
of instantaneous frequency which, as he says 
"might prove useful." It well might. But I 
do not see any reason why it should prove 
more useful than the definition already 
adopted, provided the conventional defini-
tion is adequately qualified in the light of 
Shekel's interesting observation. 

After all, in a case of a strictly illustra-
tive and utilitarian definition, the criterion 
of whether the definition is "right" or 
"wrong" does not apply. 

The proper criterion is: " is the defined 
concept useful when its rigorous definition 
is judiciously applied?" 

It is my feeling that the concept of "in-
stantaneous frequency" treated as time-de-
rivative of the argument of a properly de-
fined phasor, is useful. 

As for Shekel's statement that "many 
authors have already referred to this term as 
fallacious and in i›leading," the answer prob-
ably is that many terms improperly applied 
can be fallacious and misleading. On the 
other hand, a number of papers can probably 
be quoted where the concept of "instantane-
ous frequency" proved useful and illustra-
tive (for example, the above-quoted paper 
by Carson and Fry, which I do not believe 
lost any actuality over the period of years). 
Unfortunately, I liad no ready access to one 
of the references quoted by Shekel (Vaughan 
"Spectrum of a frequency modulated wave," 
Wireless Eng., vol. 29, p. 217; Aug. 1952) but 
I have not found any sweeping statements 
regarding the concept of "instantaneous fre-
quency" in the excellent paper by Harvey, 
Leifer and Marchand.2 In my interpretation 
of the paper the only concern of the authors 
is to demonstrate that the "variable fre-
quency" concept has in itself no energetic 
significance and to demonstrate by an in-
genious device an illustrative correlation be-
tween this concept and the concept of spec-
tral components. 

JULIUS J. HUPERT 
Physics Department 
De Paul University 
1036 Belden Ave. 

Chicago 14, Illinois 

N. L. Harvey, M. Leifer and N. Marchand, 
"The component theory of caculating radio frequency 
spectra with special reference to frequency modula-
tion," PM/C. I.R.E., vol. 39, p. 217; June 1951. 

How to Win Arguments* 

The first requirement in winning an ar-
gument is to start an argument. Fortunately 
this is one of the easiest parts of the process. 
For the benefit of the few who have trouble 
getting started, the following standard 
methods are listed: 

1. Make a loud aggressive statement be-
littling your friend's favorite hobby. 

2. Listen to your friend until he makes a 
a positive statement of some sort. Contra-
dict it flatly. 

3. Make one or more bold positive state-
ments of doubtful validity. The subject 
doesn't matter, but politics, the weather, 
hobbies and girls are favorites. Or a tech-

* Received by the Institute. June 5, 1953. 

nical subject will do, provided neither you 
nor your friend are well versed in the spe-
cialty discussed. 

The Techniques of Argumentation 

The Circular Path 

One of the favorite artifices of expert 
argufiers is constant repetition. Perfect a pat 
argument of about a hundred words and re-
peat it time after time with as little varia-
tion as possible. This will wear your oppo-
nent down until he gives up in disgust. 

The Break-in or Yeabut 

Constant interruption is another favorite 
stratagem. To be most effective, listen in-
tently until it appears that your opponent is 
about to make an effective point, then inter-
rupt in a loud voice and go into your own 
routine. Break-ins should usually be pre-
ceded by "yeabut" whether your agree with 
any part of your opponent's argument or 
not. 

The Crescendo 

This is a contrivance which is very ef-
fective in the hands of a master craftsman. 
In executing this maneuver, proceed with 
your standard routine until your opponent 
sees fit to interrupt. When this occurs pay 
absolutely no attention to what he says 
other than to gradually increase the volume 
of your own voice. This subtle ruse is usu-
ally met by a similar crescendo on the part 
of the opponent. It is a sure sign of the ex-
pert to be able to shout back at your op-
ponent so loudly and continuously as not to 
be able to hear a word he is saying. 

The Stutter 

A disadvantage of the crescendo is that 
while it obliterates your opponent's argu-
ment it does not succeed in getting your own 
argument heard. For this reason the stutter 
is preferred by many experts. The stutter 
consists in a loud repetition of the first syl-
lable of your proposed commentary with or 
without the crescendo. As soon as your op-
ponent realizes he is being drowned out he 
will usually subside and you can proceed. It 
is an awesome spectacle the way a truly 
great master of the art can alternate the 
stutter and the crescendo to beat down all 
opposition. The stutter is a particularly 
effective chisel enabling you to break-in on 
your opponent's routine. 

The Use of Invective 

A further help is a large vocabulary of 
sacrilegious words and phrases skillfully 
adapted to describe your opponent's intelli-
gence and ancestors. While this expedient is 
very effective, its advocates find it desirable 
to have some acquaintance with the art of 
pugilism. 

The Syllogism 

To fall back on cold solid logic is a sign 
of weakness. It should never be indulged in 
unless you want to lose your reputation as a 
prize pain-in-the-neck. 

V. D. Landon 
RCA Laboratories 
Princeton, N. J. 
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Symmetrical Ridge Waveguides' 

In the course of an investigation of 
parameters affecting small cavity antennas, 
some of the properties of symmetrical ridge 
waveguides were studied. These included the 
cutoff frequency and the aperture imped-
ance for the TEio mode.1.2 More recently, 
the TE ll mode has been observed, and its 
cutoff frequency measured. These results 
are interesting, and it seems worthwhile to 
present a brief summary of them. 

* Received by the Institute. April 28, 1953. 
R. E. Webster, "Measurement of aperture im-

pedance of metal-loaded waveguides terminated in a 
ground plane." Project Report 339-19, Antenna Lab-
oratory, The Ohio State University Research Founda-
tion. Columbus, Ohio; October I, 1951. 

2 M. H. Cohen. *Aperture admittances and prop-
agation constants of metal-loaded waveguides," Proj-
ect Report 339-20. Antenna Laboratory, The Ohio 
State University Research Foundation, Columbus. 
Ohio; November 2. 1951. 

In the first group of measurements, six 
waveguides of the shape of Fig. 1 were con-
structed, with various ridge depths /. The 
actual models were bisected by an image 
plane (dashed line) to facilitate field probing 
and to eliminate asymmetrical modes. The 
image plane had a longitudinal slot at the 

4 

4 

Fig. 1—Symmetrical ridge waveguide cross section. 

center of the guide, and the cutoff frequency 
and aperture impedance were determined by 
probing the field through this slot. 

The cutoff frequency, f, as a function of 
t, is shown in Fig. 2. For / = 0, «4= 1477 mc, 
the value for a 4-inch square waveguide. 
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Fig. 2 —Cutoff frequency vs. ridge depth. 

Fig. 3—Relative aperture impedance. 
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For the TE:o mode, f, may be calculated ap-
proximately by the transverse resonance 
method. The equivalent transverse circuit 
from the center of the guide to one side con-
sists of two discontinuity capacitors con-
necting three lengths of transmission line. 
The results obtained with this circuit are 
within 6% of the measured values. 

The aperture impedance, relative to the 
transverse wave impedance of the TE11) 
mod, is shown in Fig. 3 for several values of 
1. In all cases the impodance has a relatively 
slow variation with frequency. It is com-
parable to that for a square waveguide 
with dielectric loading sufficient to reduce fo 
by the saine amount. The SWR, however, is 
slightly smaller in the latter case. 

One complete (not bisected) waveguide 
has been built, with 1=1.29 inches, and f. 
=990 Inc. for the TE:o mode. A section of it 
was made into a resonant cavity, and some 
resonances were found which were due to a 
waveguide mode having f,= 1111 mc. This 
mode must be asymmetrical because it was 
not observed with the bisected guides. It 
has tentatively been identified as the TE :: 
mode. The ratio of the cutoff frequencies of 
the TEn and TE10 modes is 1.12, whereas the 
corresponding ratio for a square waveguide 
is 1.41. A high mode-separation is a much-
vaunted property of ridge waveguides, but 
it does not exist in this case. 
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A Transistors in Trigger Circuits* 

As a part of the course work in my final 
year at the Eidgenüssische Technische Hoch-
schule, Zürich, sonie A transistors were to be 
examined for use in trigger circuits. 

In the literature three basic circuits are 
mentioned, using only one transistor. These 
are based upon the emitter, collector and 
base driving point resistances. However, a 
fourth design was developed, and will be de-
scribed in the following. 

The definitions of current and voltage 
directions to be used here for the equivalent 
T network of the transistor are the same as 
used by the Bell Telephone Laboratories. 

To realize a trigger circuit, a backward 
amplification factor, greater than unity, is 
needed. Translated to transistor design this 
means that the current amplification factor 
has to be greater than one, and hence, only 
A transistors can be used as long as the 
trigger circuit is supposed to contain only 
one transistor. 

* Received by the Institute, March 12, 1953. 

Considering the equivalent circuit of the 
transistor (Fig. 1) the following equations 
are found (provided the base is uncon-
nected): 

and 

— r‘Ie — =-

I. = — 

the collector-emitter resistance is 

V.. 
R.. = =- ro — r„,. 

/o 

Fig. I F 

-6 -S -4 

As this current condition will be met in the 
trigger circuit, the negative V..— I. char-
acteristic can be taken directly from the 
main transistor characteristics. However, 
special measurements would be preferable, 
due to the required accuracy at relatively 
small currents. 

The negative V..— I, characteristic was 
also calculated, using the broken line meth-
od. 

In Fig. 2 the complete trigger circuit is 
shown, and in Fig. 3 the measured negative 
V..— I, characteristic for the Bell transistor 
AP-1613. 

-3 -2 -1 

eansistor AP -1613  

Fig. 3 

The simplified condition for a negative re-
sistance is therefore 

r,—rm< 0 or — > 1. 
ro 

This confirms that a current amplification 
factor > 1 is required. From the equivalent 
circuit (Fig. 1) it is seen that 

V.. -= — V. = V. when I. = — 

- S 

-70 

-15 

—20 

The trigger was operated by sine-wave 
pulses in the frequency range up to 300 kc. 

It is difficult to say anything certain 
about the properties of this transistor trigger 
design, as only one transistor was examined. 
However, the great simplicity of this tran-
sistor trigger circuit seems to be a very inter-
esting and promising feature. 

S. W ALTER 
Sorbyhaugen 1, Smestad 

Oslo, Norway 
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War II he was a member of a group design-
ing radar equipment. 

During recent years Dr. Stansel has been 
located at the Murray Hill Branch of the 
Bell l'elephone Labs., where he is engaged 
in the development of new types of carrier 
telephone systems. 

Dr. Stansel is a member of the American 
Institute of Electrical Engineers, Eta Kappa 
Nu and_Sigma_Xi. 

Jerome J. Suran was born in New York, 
N. Y. on January 11, 1926. After having 
served for three years with the U. S. Army 

during World War II, 
he received the 
B.S.E.E. degree from 
Columbia l.niversity 
in June, 1949, then 
continued graduate 
studies there and at 
the Illinois Institute 
of Technology. 

From 1949 to 
1952 Mr. Suran was 
employed in control 
systems design and 

JAMES Y. WoNG 

LOUIS W EINBERG 

development by J. W. Meaker and Com-
pany, and in the field of FM communica-
tions by Motorola, Inc. 

In 1952 Mr. Suran joined the electronics 
laboratory of the General Electric Company. 

For a photograph and biography of 
L. C. VAN ATTA see page 1739 of the Decem-
ber, 1952 issue of the PROCEEDINGS OF THE 

Louis Weinberg (N'52) was born July 15, 
1919, in Brooklyn, N.Y. He was graduated 
from Brooklyn College with an A.B. degree 

in 1941, and in 1947 
received from Har-
vard University an 
M.S. in Engineering 
Sciences and Applied 
Physics. He then 
studied at the Massa-
chusetts Institute of 
Technology, receiv-
ing the Sc.D. degree 
in Electrical Engi-
neering in 1951. 

From 1942 until 
1943 Dr. Weinberg 

worked for the Office of the Chief Signal 
Officer as Chief Radio Engineer in the Con-
trolled Items Section. He left to join the 
Army Air Forces, where he remained until 
1946, serving as a Radar and Electronics 
Officer, and as Technical Advisor to the 
American Embassy at The Hague, Nether-
lands. After having served in the Air Force, 
the four following years from 1947 to 1951, 
were spent as an instructor in the Depart-
ment of Electrical Engineering at Massa-
chusetts Institute of Technology. 

Since leaving :\ J.T., he has worked as a 
Research Physicist in the Systems Planning 
and Analysis Department of the Hughes 
Research and Development Laboratories. 
He is also a Lecturer in Engineering, Uni-
versity of California, I.os Angeles. 

Dr. Weinberg is Chairman of the Los 
Angeles Chapter of the IRE Circuit Theory 
Professional Group and is a member of 
Propylaea and Sigma Xi. 

James Y. Wong (S'46-A'52) was born in 
Elm Creek, Manitoba, Canada, on Novem-
ber 21, 1926. He received the B.Sc. degree in 

electrical engineering 
from the University 
of Manitoba in 1944, 
the M.S. degree and 
Ph.D. degree in elec-
trical engineering 
from the University 
of Illinois in 1949 and 
1952 respectively. 

From 1950 to 
1952 Dr. Wong was 
a research assistant 
at the University of 
Illinois' Antenna 

Laboratory, where he was engaged in air-
craft antenna research. Since 1952 he has 
been a member of the antenna group of the 
Microwave Section, National Research 
Council, Ottawa, Canada, devoting his time 
to the field of microwave radar and to air-
craft antenna problems. 

In addition to his membership in IRE, 
Dr. Wong is also a member of Sigma Xi, Eta 
Kappa Nu and Pi Mu Epsilon. 



1953 PROCEEDINGS OF THP. 

Institute News and Radio Notes  
OCTOBER URSI FALL M EETING 

The USA National Committee of URSI 
is sponsoring a Fall Technical Meeting 
jointly with the IRE Professional Group on 
Antennas and Propagation and the Ca-
nadian National Committee of URSI. The 
meeting will be held at the National Re-
search Council and the Defense Research 
Board, Ottawa, Canada, on October 5-8. 

Technical sessions will begin on Tuesday, 
October 6. October 5 will be devoted to 
meetings of the USA National Committee 
and of the participating commissions. 

The commissions and their chairmen are 
as follows: Commission 1—Radio Measure-
ments and Standards, R. G. Fellers; Com-
mission 3—Ionospheric Radio Propagation, 
L. V. Berkner; Commission 4—Terrestrial 
Radio Noise, F. H. Dickson; Commission 
5—Radio Astronomy, J. P. Hagen; Com-
mission 7—Electronics, J. R. Whinnery. 

CORRECTION 

C. K. BIRDSALL G. R. BREWER 

On page 937 of the July issue of PRO-
CEEDINGS the photograph of G. R. Brewer 
appeared in the biography of C. K. Birdsall, 
and the photograph of C. K. Birdsall ap-
peared in the biography of G. R. Brewer. 
The pictures are correctly identified above. 

RADIO FALL M EETING 

Following is the daily program of the 
Radio Fall Meeting to be held on October 
26-28 at the King Edward Hotel in Toronto, 
Canada. It will be sponsored by the IRE and 
the Radio-Television Manufacturers As-
sociations of the United States and Canada. 

Monday Morning 

Television Interference Symposium: \V. R. G. 
Baker, presiding 

(Sponsored by RTMA Engineering Dept. 

Monday Afternoon 

Quality Control Session: J. R. Steen, presid-
ing 

(Sponsored by the IRE Professional Group 
on Quality Control) 

Tuesday Morning 

Television Session: I. J. Kaar, presiding 
(Sponsored by the IRE Professional Group 
on Broadcast and Television Receivers) 

Tuesday Afternoon 

Television Session: D. D. Israel, presiding 
(Sponsored by the IRE Professional Group 
on Broadcast and Television Receivers) 

Tuesday Evening 

Radio Fall Nieeting Dinner 
(Sponsored by the RTMA of Canada) 

\V. R. G. BAKER RECEIVING 1953 RTMA M EDAL OF HONOR 

Dr. U. R. G. Baker, (center) vice pre, ident and general manager of General Electric Company's Elec-
tronics Division, receives bite 1953 Medal of Honor awarded by Rad Television Manufacturers Associa-
tioa at their 29th Annual Convention in Chicago. Presenting the rital is A. D. Plamondon. Jr.. (right) 
presiden and chairman of the Board of RTMA. L. F. Muter, presidrnt of 1%.1teer Company and chairman 
of the KTMA Annual Awards Committee, waits to congratulate Dr. Baker. Dr. Baker is 1953 treasurer of 
the IRE. 

ll'edne:41a y Morn ing 

Electron Devices Se,sion: L. S. Ne:-gaard, 
presiding 

(Sponsored by the IRE Professional Group 
on Electron Devices) 

Wednesday Afternoon 

Electron Devices Set:sion: G. A. Esperson, 
presiding 

(Sponsored by the IRE Professional Group 
oi Electron Devices) 

SAN ANTONIO CO-HOST TO RADIO 

M ETEOROLOGY CONFERENCE 

The San Antonio. Section will act as co-
host with the Central Texas Branch of the 
American Meteorological Society to a con-
ference on radio meteorology to be held at 
the University of Texas, Austin, Novem-
ber 9 through 12. 

Sponsoring and participating organiza-
tions will include the Professional Group on 
Antennas and Propagation of the IRE, the 
American Meteorological Society, the Radar 
\Vet] ther Conference, and the National Com-
mission Il on Trop(iy:pheric Radio Propaga-
tion of the I« RSI and the Joint Commission 
on Rad'o Meteorology. 

Metal ers of the general conference com-
mittee are B. M. Fannin, J. C. Freeman, Jr., 
J. R. Gerhardt, C. W. Hostetter, Jr., K. H. 
Jehn, and A. W. Straiton. A special ad-
visory t•teering committee includes the fol-
lowing representatives of the sponsoring or-
ganizatioas: L. G. Cumming, IRE; J. R. 
Gernardt. University of Texas; \V. E. Gor-
don, Cornell University; M. Natzin, Naval 
Research Laborattr-) ; J. S. Marshall, McGill 
University; Newbern Smith, National Bu-
reau ot Standards; and K. C. Spengler, 
Americir Meteorological Society. 

Calendar of 

COMING EVENTS 

Conference on Nuclear Engineering, 
University of California, Berkeley, 
September 9-11 

Joint Electron Tube Engineering 
Council General Conference, At-
lantic City, N.J., September 16-18 

National Electronics Conference, 
Hotel Sherman, Chicago, Ill., 
September 28-30 

URSI Fall Technical Meeting, Otta-
wa, Canada, October 5-8 

Society Motion Picture 8c Tv Engi-
neers, 74th Semiannual Conven-
tion, Hotel Stotler, New York, 
N. Y., October 5-9 

American Society for Quality Control 
Mid-west Conference, Masonic 
Temple, Davenport, Iowa, October 
8-9 

1953 IRE-RTMA Radio Fall Meeting, 
King Edward Hotel, Toronto, 
Ont, October 26-28 

Conference on Radio Meteorology, 
UnWersity of Texas, Austin, No-
vember 9-12 

IRE Kansas City Section Annual 
Electronics Conference, Hotel 
President, Kansas City, Mo., 
November 13 and 14 

Joint IRE-AIEE 6th Annual Confer-
ence on Electronic Instrumenta-
tion in Medicine and Nucleonics, 
New York City, November 19-20 

1954 Sixth Southwestern IRE Con-
ference and Electronics Show, 
Tulsa, Okla, February 4-6 
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SECOND AUTHORS CALL 
FOR IRE NATIONAL CONVENTION 

The deadline for acceptance of papers for 
the 1954 IRE National Convention is 
November 16. B. R. Lester, Chairman of 
the Technical Program Committee, requests 
prospective authors submit the follow-
ing information: ( 1) name and address, (2) 
title of paper, (3) a 100-word abstract, and 
additional information up to 500 words 
(both in triplicate). Address all material to 
Mr. Lester at IRE Headquarters, 1 East 79 
St., New York 21, N. Y. 

TECHNICAL COMMITTEE NOTES 

Under the chairmanship of A. G. Jensen 
the Standards Committee met on June 11 
and completed consideration of the pro-
posed waveguide terms. The Utst section of 
the standard vas reviewed and adopted. 
Those sections reviewed at the February, 
April, and May Committee meetings are to 
be collated and the entire document sub-
mitted for Executive Committee approval 
at an early date. The committee's attention 
was directed by M r. Jensen to the appoint-
ment of representatives from the various 
technical committees to the Annual Review 
Committee. He expressed the hope that the 
1953 Chairman, J. Z. Millar, would have 
the complete co-operation of all technical 
committees. Speaking for Mr. Mint., who 
was unable to attend, R. R. Batcher empha-
sized the need for an early start this year, 
particularly if it is IRE's intent to publish 
the final report in the March 1954 issue of 
the PROCEEDINGS. A general discussMn fol-
lowed on improving the present procedure 
and expediting the work. It was suggested 
that in the future the Annual Review work 
be considered more or less a "continuous 
effort"; that it might become the responsi-
bility of technic-il committee vice clatirmen, 
or that a permanent office might be created 
in etch committee to automatically handle 
the reviewing. Members concurred in the 
opinion that it should become one of the first 
duties of all chairmen on May 1 of each year 
to initiate work on the Annual Review. The 
motion was made and passed that effective 
May 1, 1954, each technical committee 
chairman is to designate a representative to 
the Annual Review Committee; that such a 
represenuttive is to be considered as Chair-
man of the Annual Review Subcommittee of 
that committee. With reference to the en-
suing year, it was agreed that the Technical 
Secretary is to circulate a let ter to all chair-
men requesting recommendations for ap-
pointment of technical representatives. De-
tailed instruction sheets in style, format, and 
so forth, will be mailed to appointees as 
soon as their names are made known. 
Resumes are to be in the hands of M r. M illar 
by December 1. He in turn Will attempt to 
get the material edited by January 15 for 
publication in the arch 1954 PROCEEDINGS. 

On June 5 the Facsimile Committee met 
under the chairmanship of Henry Burkhard. 
A revise( I mockup of the IRE Facsimile 
Test Chart was passed around for com-
ments. A number of changes to the nmckup 
were agreed upon. A. G. Cooley offered to 
undertake the first trial printing of the 

chart by an offset process and have copies 
for submission at the next meeting. J. V. 
Hogan, Jr. and K. R. McConnell were ap-
pointed as a committee to work out all of 
the final details for this chart. The remainder 
of the meeting was spent in a review of the 
1942 Definitions of Terms. 

In the absence of P. C. Sandretto, R. E. 
Gray took the chair during the Navigation 
Aids meeting on June 22. Mr. Gray re-
ported the first meeting of the Editorial 
Committee was held on June 3 at which time 
the 30 definitions listed under "A" were re-
viewed. The minutes of this meeting indi-
cated that guidance from the main commit-
tee was required on the meaning of 13 of 
the terms. These were reviewed and specific 
recommendations made. The committee 
then turned its attention to reviewing the 
ternis listed under "B." The committee 
modified a number of these terms. Further 
consideration of the main list was deferred 
until the September meeting. The rest of the 
meeting was devoted to proposals made by 
the Editorial Committee. 

On June 10 the Sound Recording and 
Reproducing Committee convened under the 
chairmanship of A. \V. Friend. H. E. Roys 
reported on the activities of the CCIR Task 
Group ( 19.4). Dr. Friend reported that R. M. 
Fraser, Chairman of Subcommittee 19.3 
would not be able to attend the meeting 
but that his subcommittee is proceeding to 
consider recommendation of adoption of ap-
plical ,le standards already approved by 

PTE. Lincoln Thompson, Chairman of 
Subcommittee 19.3, could not be present at 
the meeting but reported by telephone that 
his subcommittee has scheduled an early 
meeting to consider new dtta for presentation 
at the next meeting of the main committee. 
A. P. G. Peterson, Chairman of Subcom-
mittee 19.1, reported that his group has re-
vised 52 IRE 19.1 PS2/52 IRE 25.4 PSI, 
"Harmonic and Intermodulation Distortion 
Definitions and Procedures for Measure-
ment" in accordance with the recent recom-
mendations of the main committee. The 
committee then proceeded with a discussion 
of this document and some revisions were 
made. Dr. Peterson agreed to ask his Sub-
committee to review R. E. Zenner's mate-
ri il  tted February 9, 1951 on "Proposed 
Standards on Frequency Response of Re-
cording- Reproducing Systems with Restive 
Terminations." 

The Symbols Committee met on June 10 
under the chairmanship of K. E. Anspach. 
IRE representation on various ASA Sec-
tional Committees was reviewed to ensure 
adequate coverage of the Symbols field. 
Recommendations are to be made to the 
Standards Committee. A. F. Pomeroy re-
quested a recommendation on what symbol 
should be shown under "bolometer" as re-
cently added to the index of the ASA/IRE 
proposed Standard on Electrical Graphical 
Symbols now being prepared in prepublica-
tion form. The committee recommended 
that "bolometer" be omitted front the index 
as it could not determine on authoritative 
definition for the term under its modern 
usage and therefore the proper symbol could 
not be established. M. P. Robinson reported 
an unanimous vote to approve our use of 

"pico" as a metrix prefix for 10-12 with por P 
as its abbreviation. Titis was approved and 
will be added to Table 1 in Standards on 
Abbreviations of Radio-Electronic Terms, 
1951. It was agreed to continue Subcommit-
tee 21.5 with existing personnel under the 
chairmanship of M. P. Robinson. Its scope 
will remain as "resolving problems in regard 
to single items suggested for standardization 
and questions involving application of stand-
ards." The Subcommittee on Semicon-
ductors (21.2) will continue with C. D. 
Mitchell and its present personnel, and with 
the same scope indicated by its title. 

A. C. Reynolds, Jr., reported on a meet-
ing of his Subcommittee 21.3 held on May 
19. It was agreed that this subcommittee 
should continue with its present personnel 
under the chairmanship of Mr. Reynolds and 
within the scope of "symbols and methods of 
functional representation of control, com-
puting and switching equipment and 
processes." F. M. Bailey, Chairman of Sub-
committee 21.4, reported on the last meeting 
of his subcommittee. The personnel of this 
committee will remain the same. K. E. 
Anspach will draft a proposed new scope for 
the Symbols Committee for letter ballot by 
the committee. H. P. Westman accepted 
the task of preparing the symbols section of 
the Annual Review. It was agreed that a 
subcommittee be set up to review the 1948 
report on letter symbols. 

On June 12 under the chairmanship of 
Newbern Smith, the Wave Propagation 
Committee convened. The scope of the com-
mittee was discussed and modifications 
made. The Chairman noted with regret the 
resignation of George Sinclair from the 
chairmanship of the Definitions Subcom-
mittee. The committee unanimously agreed 
to ask him to remain a member of the com-
mittee. M. G. Morgan, T. Carroll and H. O. 
Peterson indicated their willingness to con-
tinue as Chairmen of Subcommittees on 
Ionospheric Propagation, Tropospheric 
Propagation and Standard Practices. The 
Committee agreed to change the name of 
Mr. Peterson's Subcommittee to "Standard 
Practices." H. G. Booker agreed to ask 
C. R. Burrows to remain as Chairman of the 
Radio Astronomy Committee. The Com-
mittee agreed to the formation of a new 
subcommittee on "Terrestrial Radio Noise." 
H. Dingar was recommended to serve as 
Chairman of the new committee. In regard 
to Annual Review Dr. Morgan and Dr. 
Carroll agreed to take charge of the Iono-
spheric Propagation and Tropospheric 
Propagation sections respectively, and Dr. 
Booker agreed to ask Dr. Burrows to handle 
the Radio Astronomy Section. A brief dis-
cussion was had on various definitions re-
ferred to the committee. The third draft of 
the "Proposed Standards on Wave Propaga-
tion: Methods of Measuring" was presented 
to the Committee for approval, with amend-
ments agreed to by Mr. Peterson's Sub-
committee in consultation with the Anten-
nas and Wave Guides Committee. It was 
discussed and several additional amend-
ments proposed and accepted by the com-
mittee. It was then approved as amended 
for submission to the Standards Committee 
as "Standards on Wave Propagation: Meth-
ods of Measuring Field Strength." 
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Professional Group News  

ANNUAL BROADCAST CONFERENCE 

The Professional Group on Broad-
cast Transmission Systems, Lewis 
Winner, Chairman, plan to hold their 
Annual Broadcast Conference during 
the first part of November. An all-
day meeting will be held at the Frank-
lin Institute in Philadelphia, Pa. The 
following subjects will be included: 
color television, three-dimensional 
TV, scanning systems, and general 
broadcasting problems. 

BROADCAST TRANSMISSION SYSTEMS 

The Boston Chapter of the Professional 
Group on Broadcast Transmission Systems 
met recently at the WBZ studio in Brighton, 
Mass. Sidney V. Stadig was the Chairman 
and R. E. Johnson, broadcast tube spe-
cialist with the Radio Corporation of Amer-
ica, Harrison, N. J., the speaker. Represen-
tatives of five radio stations were present to 
hear Mr. Johnson talk about "Getting the 
Most Out of Your Image Orthicon." 

ELECTRONIC COMPUTERS 

The Los Angeles Chapter of the Profes-
sional Group on Electronic Computers met 
recently at the University of California with 
W. F. Gunning as chairman. W. Farrand, 
North American Aviation Co., led a panel 
discussion on analog to digital, and digital to 
analog conversion. Members of the panel 
were A. J. Winter, Telecomputing Corp.; 
H. Burke, Consolidated Engineering Corp.; 
W. Shockeney, Hughes Aircraft; and W. F. 
Gunning, Rand Corporation. Each pre-
sented a conversion problem with which he 
was familiar. The panel proposed solutions 
to problems suggested by the audience also. 
At an earlier meeting in Royce Hall Dr. 
Nelson discussed commercial applications of 
digital computers; NI. Mendelson, pro-
gramming and tutorial; W. Martin, high-
speed digital circuitry; E. Weiss, logical 
design; Dr. Wordemann, magnetic com-
ponents; W. Melahn, advanced pro-
gramming; Dr. Ware, random access memo-
ries; Dr. Rogers, analog arbitrary function 
generators; L. Beman, printed circuitry for 
computers; Dr. J. Salzer, digital computers 
in control systems. At their most recent 
meeting at the University S. Green was 
acting Chairman of the Group and Nicholas 
Metropolis of the Los Alamos National 
Laboratory the speaker. Mr. Metropolis 
gave a paper entitled "The Maniac Com-
puter" in which he described the characteris-
tics and operating experience of the Maniac 
computer at the Los Alamos Laboratory. 

The San Francisco Chapter has been 
holding regular monthly meetings under the 
chairmanship of T. H. Meisling at Cory 
Hall of the University of California, Studio 
A of KNBC, and the Business School of 
Stanford University. Officers are: Chairman, 
T. H. Meilling, Vice-Chairman, J. W. 
Haanstra, Secretary-Treasurer, J. D. Noe. 

The speakers were Willis \Vare of the 
Rand Corp., L. C. Nofrey of the Radiation 
Laboratory of the University of California in 

Berkeley, J. W. Haanstra of the IBM Corp., 
Lloyd Stowe of the Eckert Mauchly Divi-
sion of Remington Rand, George Greene of 
Marchant Research, Inc., and John Luke 
of the Applied Science Division of the IBM 
Corp. Dr. Ware gave a paper entitled "A 
Computer Using Selectron Memories," and 
Mr. Nofrey gave one about "The UN IVAC 
System." Mr. Haanstra spoke about " Digi-
tal Data Recording in Engineering Applica-
tion" and Mr. Stowe about the "Logic and 
Programming of the UNIVAC." Mr. Greene 
discussed "The MINIAC, A Magnetic 
Drum Electronic Digital Computer" and 
Dr. Luke told about the "Organization and 
Applications of the IBM Card Programmed 
Calculator." 

The Washington, D. C. Chapter met re-
cently at the l'epco Auditorium with 
Vice Chairman D. H. Jacobs in charge. 
Speaker was D. H. Gridley of the Naval Re-
search Laboratory. His paper was "The 
NAREC—A Progress Report on the Naval 
Research Laboratory Computer." 

ENGINEERING MANAGEMENT 

The Los Angeles Chapter of the Profes-
sional Group on Engineering Management 
held their two spring meetings at the LAS 
Building, and the Student Union Building 
of the University of Southern California with 
T. W. Jarmie as Chairman. At the earlier 
meeting E. F. King of the engineering de-
partment of the University of California in 
Los Angeles gave a paper entitled "En-
gineers and Education—A Pattern and A 
Prognosis." He analyzed the results of a 
personal survey of the use made by "suc-
cessful" people in the United States of their 
engineering backgrounds. He presented sev-
eral novel ideas which aroused the interest 
of the audience. There was general agree-
ment that it was impossible to hire a gradu-
ate engineer possessing the qualifications 
needed, and that the engineering curriculum 
should emphasize the ability to express 
oneself in written and verbal form. Opinion 
was varied as to whether the Universities 
should provide a practical or theoretical 
background. At the later meeting, F. L. 
Graham, staff specialist at North American 
Aviation, gave a paper called "The Role of 
the Engineer—Supervisor In Human Rela-
tions," followed by a discussion with the 
audience. Although an engineer should have 
a knowledge and understanding of three 
things: himself, his relations to other human 
beings, and the physical world in which he 
lives, Mr. Graham observed that the en-
gineer only has undisputed competence in 
knowledge of the physical world. He fre-
quently lacks understanding and skills in the 
other things. He declared that experimental 
evidence has shown that improvements in 
these areas tends to maximize the human 
satisfactions of the professional engineer, 
and at the same time increase the produc-
tivity of any engineering group. He cited the 
results of recent social science research, and 
suggested several applications to engineer-
ing organizations of such research findings. 
Mr. Graham described the differences in 
group member behavior under democratic 
leadership as contrasted to autocratic 

leadership. The democratic group member is 
more mature, co-operative, and hence more 
productive. He also shows more initiative 
and a greater sense of responsibility. In con-
trast, under autocratic leadership his be-
havior is characterized by dependency, ir-
responsibility, inability or failure to co-
operate, and hostility. Hence there is a 
marked reduction in the opportunity to de-
velop and mature professionally. Mr. Gra-
ham emphasized that democratic leadership 
is an acquired skill which often requires 
changes in an individual's attitude. For this, 
training is necessary, as is the acquisition of 
human relations techniques. 

INDUSTRIAL ELECTRONICS 

'rhe Chicago Chapter of the Professional 
Group on Industrial Electronics met re-
cently at the Western Society of Engineers 
Building with A. Crossley as Chairman. 
J. S. Solomon, research department head of 
Scioky Brothers, and W. Berkey, A. Cross-
ley, and four others discussed "Electronics in 
Welding." 

INFORMATION THEORY 

The Los Angeles Chapter of the Profes-
sional Group on Information Theory met 
twice recently at the University of Cali-
fornia in Los Angeles. Chairman of the 
meeting was R. R. Bennett. At the earlier 
meeting J. T. Culbertson of the Rand Cor-
poration spoke about "Sense Data in 
Robots and Organisms." The speaker at the 
later meeting was J. C. Fletcher of the 
Hughes Research & Development Labora-
tories. His subject was "Applications of 
Information Theory to Electronic Guidance 
Systems." Officers for the coming year were 
elected and are: Chairman, R. R. Bennett; 
Secretary-Treasurer, D. B. Duncan; Pro-
gram, E. Rechtin and R. Canning; Sym-
posia, H. Davis; Reader, E. Reich. 

The New Mexico Chapter of the Pro-
fessional Group on Information Theory 
held two meetings recently at Mitchell Hall 
of the University of New Mexico, Albu-
querque, with Lt. Col. Yates Hill as Chair-
man. Bennett Basore, doctor with the 
Sandia Corporation, spoke about "Thresh-
old Detection," and Lt. Col. L. V. Skinner, 
U. S. Air Force, gave a paper entitled 
"Autocorrelation Functions From the Prob-
ability Distributions. The following officers 
were elected for the coming year: Chairman, 
Bennett Basore; Program Chairman, Lt. 
Col. Yates Hill; Secretary, J. E. Gross. 

NUCLEAR SCIENCE 

The Chicago Chapter of the Professional 
Group on Nuclear Science met recently at 
the Western Society of Engineers Building 
with Bernard Schwartz as Chairman of the 
meeting. Speaker was Theodore Fields, as-
sistant director of the radioisotope unit at 
the Hines Veteran Hospital and instructor of 
radiology at Northwestern University. His 
subject was "Crystal Counters." 

QUALITY CONTROL 

The Chicago Chapter of the Professional 
Group on Quality Control met recently at 
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the Western Society of Engineers Building 
with Robert Jersen, Chapter Vice President 
as Chairman. Three speakers contributed to 
the subject of the evening, "Proper Com-
ponent Specifications." They were W. Zar-
icki, field engineer with the Gudeman Com-
pany; M. Wolff, quality control engineer 
with Chicago Transformer; and Harold 
May, quality control engineer with Mo-
torola, Inc. 

RADIO TELEMETRY AND REMOTE CONTROL 

The Los Angeles Chapter of the Pro-
fessional Group on Radio Telemetry and 
Remote Control met recently at the Insti-
tute of Aeronautical Sciences Building with 
\V. Pickering as Chairman. A panel discus-
sion was held on "The Telemetering Me-
chanical Commutator." Members of the 
panel were F. E. Bryan and W. A. Alberts of 
the Douglas Aircraft Company, Santa 

Monica; F. N. Reynolds, Ralph M. Parsons 
Company, Pasadena; A. H. Nichols, Hughes 
Aircraft Company, Culver City; and R. R. 
Darden, Jr., Raytheon Manufacturing 
Company, Oxnard. J. R. Kauke, of the 
Applied Science Corporation of Princeton 
was the moderator. From now on meetings 
will be held separate from section meetings. 

ULTRASONICS ENGINEERING 

The newly formed Professional 
Group on Ultrasonics Engineering is 
co-sponsoring sessions on applications 
of ultrasonics engineering at the 
Acoustical Society Symposium being 
held in Cleveland October 15 to 17. 
The theme of this symposium is in-
dustrial applications of ultrasonics. 

1953 ELECTRONIC COMPONENTS 
SYMPOSIUM PROCEEDINGS 
AVAILABLE 

All papers presented during the 1953 
Electronic Components Symposium held in 
Pasadena, Calif., under the joint sponsor-
ship of the Radio-Television Manufac-
turers Association, the American Institute of 
Electrical Engineers, the West Coast Elec-
tronic Manufacturers' Association, and the 
IRE are now available in book form. 

Thirty papers were presented during six 
sessions covering general component prob-
lems, environment and packaging, tubes and 
tube reliability, component reliability, re-
sistors, capacitors and dielectrics, and de-
vices and materials. Copies are $4.50 each 
from the 1953 Electronic Components Sym-
posium, Suite 1011, 621 South Hope St., 
Los Angeles 17, Calif. 

Transactions of the IRE Professional Groups 
Issues Recently Published 

The following issues of TRANSAC HUNS are now available from the Institute of Radio Engineers, Inc., 
1 East 79 Street, New York 21, N. Y. Prices are indicated below, with a listing of the contents of each. 

Correction on PGI-2, June, 1953 

In the June issue of the PROCEEDINGS the 
con ten ts of PGI -2 published in June 1953 
was inadvertently listed under l'GI-1, May, 
1953. l'GI-1 was published in May 1952. 

PGVC-3, June, 1953 

(Third A tinted Meeting, Professional 
Group on Vehicular Communications) 

Introductory Remarks on Mobile Channel 
Allocations, F. T. Budelman 

Frequency Ecoilomy in Mobile Radio 
Bands, Kenneth Bullington 

Technical Considerations Governing the 
Choice of Channel Spacing in Mobile 
Communication Bands, D. M. Heller 

Field Test of Split Channel 50 mc Systems, 
W. M. Rust, Jr. 

Operational Experience with a Split Channel 
50 mc System, J. S. Stover 

Luncheon Address: Electronics—Promise 
and Reality, W. R. G. Baker 

Channel Spacing Considerations in the 154-
174 mc Band, H. E. Strauss 

A Report on Channel-Splitting Demonstra-
tions Conducted in Syracuse, N. H. Shep-
hard 

Commercial Experience with 160 mc-20 kc 
Equipment, D. E. Noble 

Comparison of Mobile Radio Transmission 
at 150, 450, 900, and 3700 mc, W. R. 
Young, Jr. 

Concerning the Minimum Number of 
Resonators and the Minimum Unloaded 
Q Needed in a Filter, Milton Dishal 

High Frequency Crystal Units for Use in 
Selective Networks and Their Proposed 
Application in Filters Suitable for Mobile 
Radio Channel Selection, D. F. Ciccolella 
and L. J. Labrie 

FCC Rules and Their Enforcement in the 
Vehicular Services, E. N. Singer 

Dinner Address, Haraden Pratt 

Sponsoring Group 

Audio 
Broadcast and Television Re-

ceivers 
Electron Devices 
Electronic Computers 
Vehicular Communications 

Publication Group IRE Non-
Members Members Members* 

Vol. AU- 1, No. 3 $0.80 $1.20 $2.40 

PGBTR-3 1.40 2.10 4.20 
PGED-3 0.70 1.05 2.10 

Vol. EC-2, No. 2 0.90 1.35 2.70 
PGVC-3 3.00 4.50 9.00 

* Public libraries and colleges can purchase copies 
at IRE Member rates. 

Vol. Au-1, No. 3, May-June, 1953 

Editorials 

Report to PGA, Marvin Camras 
Editorial Committee Reorganization, D. W. 

Martin 

Front Chapters 

Cincinnati Chapter IRE-PGA, 1952-53 

Technical Papers 

Status of Military Research and Develop-
ment in Acoustics and Audio, P. J. Weber 

Loudspeaker Developments, P. W. Klipsch 
Acoustic Damping for Loudspeakers, B. B. 
Bauer 

PGA Institutional Listings 

PGED-3, June, 1953 

Amplification of Microwave Radiation by 
Substances Not in Thermal Equilibrium, 
J. Weber 

Pulse Response of Junction Transistors, 
N. H. Enenstein and M. E. McMahon 

Factors Affecting Traveling-Wave Tube 
Power Capacity, C. C. Cutler and D. J. 
Brangaccio 

Correction 

PGBTR-3, June, 1953 

A Four-Point Message of Importance to All 
Members of the IRE l'rofessional Group 
on Broadcast and Television Receivers, 
D. D. Israel 

The Selection and Amplification of UHF 
Television Signals, W. P. Boothroyd and 
John Waring 

The Design of Television Receivers Utilizing 
Non-Synchronous Power, G. D. Huis! 

Approach to Mechanized Assembly of Elec-
tronic Equipment Applicable to TV Re-
ceivers, R. F. Newton and L. K. Lee 

Optimum Utilization of the Radio Fre-
quency Channel for Color Television, 
R. D. Kell and A. C. Schroeder 

A Four-Gun Tube for Color Television Re-
ceivers, J. L. Rennick and C. H. Heuer 

Transient Considerations in the NTsc 
Color System, B. S. Parma and L. M. 
Ku mi,isky 

Vol. EC-2, No. 2, June, 1953 
Hidden Regenerative Loops in Electronic 
Analog Computers, L. G. Walters 

Electrical Delay Lines for Digital Computer 
Applications, J. R. Anderson 

Design of Triode Flip-Flops for Long-Term 
Stability, J. O. Paivinen and I. L. Auer-
bach 

Contributors 
Institutional Listings 
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JAMES W. MCRAE 

JTAC REPORTS TO FCC ON 
MOBILE RADIO CHANNEL USE 

The Joint Technical Advisory Commit-
tee has submitted to the Federal Com-
munications Commission a comprehensive 
study dealing with the feasibility of reducing 
the separation between assignable frequen-
cies in the land mobile radio services. 

In 1951 JTAC had been requested by 
the FCC to answer five engineering ques-
tions about channel splitting. An industry 
subcommittee was set up under the chair-
manship of F. T. Budelman, chairman of 
the IRE Professional Group on Vehicular 
Communications, and theoretical studies 
and laboratory and field tests begun. The 
report submitted to the FCC compiles the 
results of these tests and the conclusions 
reached by the subcommittee from them. 

In concluding that channel splitting is 
feasible and that some gain in usage can 
result, the JTAC subcommittee points out 
that 

"The use of narrower channel equip-
ments is not by itself sufficient to obtain an 
appreciable increase in the number of usable 
channels in areas requiring a large number 
of channels. Sharing of channel assignments 
on a geographical basis, and efficient use of 

IRE People 

assignments in the same area will gain more. 
"The situation suggests that at present 

the difficulty is not so much a frequency 
shortage as it is an over-partitioning of the 
frequency spectrum. The rigid subdivision 
of the spectrum into government and non-
government bands is one type of partitioning 
which is an obstacle in developing effective 
frequency utilization." 

Commenting on channel-splitting in the 
152-162 mc band, the report notes that a 
degradation of the order of 3 db in signal-to-
noise ratio would have to be tolerated, but 
that 

"It is the opinion of the committee 
that for many services this amount of 
degradation would be preferable to the 
alternatives of increased co-channel in-
terference or lack of assignable chan-
nels." 
The report presents two alternative 

plans for reducing the present 60-kc separa-
tion between channels in the 152-162 mc 
band. One plan is based on a 30-kc spacing, 
and the other on 40 kc in the same geo-
graphical area and 20 kc under adjacent-
area conditions. The resulting increase in the 
number of assignable channels would range 
from 50 to a potential 200 per cent, depend-
ing on geographical considerations and on 
the plan chosen. "The increased cost for 

split-channel equipment is estimated to be 
approximately 10-20 per cent above present-
day equipment." 

With reference to the 450-470 mc band, 
it was concluded that "the use of 100-kc 
channels should be continued," and that 
possible future "channel spacings less than 
50 kc are not feasible." It was noted that 
these conclusions were reached by calcula-
tions without benefit of field experience, 
and that "before any definite plans are 
made in the 450-470-mc region, field test 
data must be compiled." 

The type of modulation recommended 
for the land-mobile services was FM, similar 
in characteristics to that used in systems 
now operating in the vhf and uhf bands. The 
relative merits of FM/PM, AM, and SSB 
were considered and the latter two thought 
to be less suitable. 

Multi-channel, broadband or rather co-
ordinated, operation would give the largest 
number of useful channels in needy, con-
gested areas. However, implementation of 
this method has unattractive or impractical 
aspects. 
A copy of the 44-page report with ap-

pendix material is on file at the head-
quarters of the IRE, Radio-Television 
Manufacturers Association, and the Federal 
Communications Commission. 

James W. McRae (A'37-F'47), president 
of the Institute, and vice president of the 
Bell Telephone Laboratories, has been 

elected vice president 
of the Western Elec-
tric Co. and presi-
dent of the Sandia 
Corp. 

Dr. McRae has 
been a vice president, 
in charge of systems 
development, since 
1951. Associated with 
the Laboratories 
since 1937, his early 
work there included 
research on trans-

oceanic radio transmitters and microwave 
techniques. After serving with the U. S. 
Army Signal Corps in World \Var II from 
1942 to 1946, he returned to become director 
of radio projects and television research. He 
was associated with the New York-Bostvit 
radio-relay project before being appointed 
director of electronic and television research. 
In 1949 he was named director of apparatus 
development, subsequently becoming direc-
tor of transmission development. 
A native of Vancouver, B. C., Canada, 

Dr. McRae is a graduate of the University 
of British Columbia and received the Ph.D. 
degree from the California Institute of Tech-
nology in 1937. He then joined Bell Labs. 

In the Signal Corps he co-ordinated de-
velopment programs for airborne radar 
equipment and radar-counter measure de-
vices, receiving the Legion of Merit for his 
work. He was later chief of the engineering 

staff of the Engineering Laboratories at 
Bradley Beach, N. J., and subsequently be-
came Deputy Director of the Engineering 
Division, attaining the rank of colonel. 

As President of the Institute, Dr. McRae 
is Chairman of the Executive Committee, 
of which he has been a member since 1951. 
From 1946 through 1952 he was a member 
of the Board of Editors. Ile has served on 
the Awards Committee, the Policy Develop-
ment Committee, the Tellers Committee, 
and the Board of Directors. In 1948 and 
1949 he was Chairman of the New York 
Section. 

Dr. McRae received honorary mention 
from Eta Kappa Nu as an outstanding elec-
trical engineer in 1943. He is a member of 
the American Institute of Electrical Engi-
neers and of Sigma Xi. 

Raymond C. Allsop (SM '46) has been ap-
pointed to the Australian Broadcasting Con-
trol Board. The Board was constituted in 
1949 by the Australian government to en-
sure the provision of broadcasting and tele-
vision services, that adequate and compre-
hensive programs are given, and the techni-
cal equipment and operation of stations con-
form with approved standards. 

Mr. Allsop was born on March 11, 1898, 
in Sydney, Australia. He began his career in 
broadcasting in 1913 as a student with the 
Shaw Wireless Co. of Sydney. He served as a 
wireless operator in the Royal Australian 
Naval Transport Service from 1916 to 1919, 
and in World War II was a Lt. Commander, 
serving as a design and production officer. 

During the 1920's Mr. Allsop did design 
and manufacturing of sound-synchronized 
motion picture equipment and a radio phone 
transmitter. This transmitter later became 
the first broadcast station in Australia, 2BL, 
and he the chief engineer. 

Peter M. Barzilaski (A'48), of the 
Material Laboratory of the New 
York Naval Shipyard, died recently. 

Chief of the Electronics II Branch 
since 1947, Mr. Barzilaski joined the 
Laboratory in 1930. He served as an 
electronic consultant to the Bureau of 
Ships of the Navy after 1946. 

Mr. Barzilaski was born on July 
24, 1907 in Plymouth, Penn. He was 
graduated from Bucknell University 
with a B.S. degree in electrical engi-
neering in 1929, and attended the 
graduate school of Brooklyn Poly-
technic Institute. 

After finishing his studies, Mr. 
Barzilaski spent a year as a student 
engineer in the radio engineering de-
partment of the Westinghouse Elec-
tric and Manufacturing Company. He 
obtained a professional engineering 
license in New York State in 1936. 

Mr. Barzilaski was a member of 
the AIEE, the Acoustical Society of 
America, the Institute of Physics, and 
the Society of Naval Architects and 
Marine Engineers. 



1198 PROCEEDINGS OF THE I.R.E. September 

Books  
Radio & Radar Technique by A. T. Starr 

Published ( 1953) by Isaac Pitman & Sons. Ltd., 
London and Pitman Publishing Corporation, 2 West 
45th Street, New York 36, N. Y. 761 pages +20-page 
index +xviii pages. 805 figures. 6r X6r. $15.00. 
A vast amount of technical literature has 

been published since World War II recording 
the inventions and developments in radar 
and radio communication which have taken 
place during the last fifteen years or so. No-
table of these are the proceedings of the Ra-
dioloca t ion ( 1946) and Radiocoinmunication 
(1947) Conventions published by the Insti-
tute of Electrical Engineers ( England), the 
M IT Radiation Laboratory Series and ar-
ticles in the PROCEEDINGS OF THE I .R.E. and 
other journals. 

The radio engineer in need of specific in-
formation is confronted with a formidable 
task of first locating the relevant articles; 
then reading and digesting them. This can be 
a painful and time consuming venture when 
one considers the abundance of published 
material which is often presented in a long 
and highly elaborate fashion. 

An attempt has been made to present in 
one volume a co-ordinated, comprehensive 
yet readable digest of information on mod-
ern radio and radar techniques. This is a tre-
mendous job for only one author to under-
take; but Dr. Starr is admirably qualified for 
this task as most readers will agree who have 
studied his previous textbook, " Electric Cir-
cuits & Wave Filters." 

It must be pointed out that whatever the 
title may suggest, this book actually deals 
particularly with theoretical principles and 
problems relating to radar and microwave 
relay systems or UHF links. No application 
nor practical design information is given. 
The emphasis is on microwave radiation and 
propagation, antenna systems, noise and 
bandwidth, pulse techniques and circuit 
analysis. 

The reader is expected to have a B.S. de-
gree or its equivalent in radio engineering; 
but there is no reason why an intelligent 
reader with lesser qualifications should not 
derive some benefit from this book since the 
text is descriptive with comparatively little 
use of advanced mathematics where possi-
ble. The more rigorous mathematical analy-
sis and other theoretical and specialized top-
ics are relegated to the thirty appendices. 
By this expedient the author has succeeded in 
presenting difficult topics in a readable, yet 
accurate form. 

In chapter 1 the various modulation sys-
tems, in particular pulse methods, speed of 
transmission, bandwidth, noise and other 
related topics are covered; but there is 
hardly any discussion of nonlinear or ampli-
tude distortion. Pulse radar systems and the 
Doppler methods are also briefly described. 

In chapter 2 the properties of electro-
magnetic waves, their propagation in space 
and in waveguides are described. The 1\ KS 
system of units is used. Maxwell's equations 
are introduced but a more rigorous treat-
ment of these and related topics are covered 
in several appendices. Th is chapter is a read-
able treatment of a difficult topic. The Smith 
chart is introduced. 

Chapter 3 deals almost exclusively with 

waveguides or microwave plumbing. Dis-
continuity in lines and waveguides are 
treated at some length. Mode transformers, 
directional couplers, resonators, filters, 'FR 
boxes, attenuators and other items are dis-
cussed but information on measurements is 
brief. 

In chapter 4 uhf antennas, especially mi-
crowaves, are covered with emphasis on the-
ory. Lens antenna and arrays, and such types 
as Eagle, Schwarzschild and Polyrod anten-
nas are also described. 

This chapter (5) deals especially with the 
behavior of vacuum tubes at uhf. Velocity 
modulation and traveling-wave tubes, as 
well as cavity magnetrons, are described at 
some length. Pulse operation of vacuum 
tubes is also covered. 

Chapter 6 deals with the steady state 
behavior of linear networks. The complex 
frequency plane, mesh and nodal analysis, 
two terminal impedances, filters and equal-
izers are among many topics covered. There 
is a good treatment of negative feedback 
with discussion of stability criteria. Also, 
wide-band amplifiers and frequcney modu-
lation circuits are described, but these are 
very brief and sketchy in treatment with 
some omissions. There is no mention of the 
ratio and Bradly detectors. 

Chapter 7 deals with the response of lin-
ear networks to repeated nonsemisoidal 
waves. Operational methods are introduced 
and the advantages of the Laplace Trans-
form are stressed in the appendices devoted 
to these topics. Generation and amplification 
of the more common type of pulses and wave 
forms, time bases, dividers and counters, 
clamping, gatine and bootstrap, and other 
circuits are described. 

Of the thirty Appendices, seven are de-
voted to electromagnetic waves—their prop-
erties and transmission, Maxwell's equa-
tions, and other related topics. Fourier meth-
ods, vector analysis, operational analysis of 
circuits and Laplace Transform are covered 
in four. Noise, in circuits and in tubes, is well 
covered in Appendix 9; while noise in angle 
modulation as well as minimum S/N for visi-
bility on ppi are each separately treated. 
Analysis of dc telegraphy, angle modulation, 
sampling and quantization, and velocity 
modulation are given in separate appen-
dices. Topics like selective sideband trans-
mission, the linear detector, low-pass filter 
and wave shape, space-charge effects and in-
put amplifier valve circuits are also covered. 
l‘laximally-flat amplifiers, network theory 
and pulse amplifiers are further expanded in 
separate appendices. 
A select bibliography is included at the 

end of each chapter and most of the appen-
dices. The references are to British and 
American literature but some German, 
Dutch, and French sources are indicated in 
few cases. 

The terminology is British—one reads 
"valves" for "vacuum tubes," "base" for 
"bias." This may reduce the usefulness of an 
otherwise good subject index for American 
readers. There is also an author index. When 
reference is made to standards (television 
signal), these are again to British practice. 

Some of the drawings are rather small, 
and in some cases the lettering mentioned in 
the text were missing. Decimal numbering of 
the paragraphs makes frequent reference 
easy. 

'rhe subject matter is expertly treated 
but not uniformly. Some topics are so briefly 
mentioned that one wonders if any useful 
purpose has been served by devoting only a 
few lines to such an item as the "transistor." 
In a book published in 1953, one might ex-
pect to see more on semiconductors. Yet the 
author has found space for "The Evans Elec-
troselenium Cell" and has devoted a whole 
appendix to " Reflection Due to a Cylindri-
cal Post." If one judges this book from its 
title and chapter headings alone, he is bound 
to be disappointed for not finding a better 
and more relevent outline of the subject mat-
ter. But if one remembers the true purpose 
of this book, it is safe to state that the author 
has done an admirable and gigantic task in 
presenting the theoretical principles and 
problems relating to uhf links in one volume. 

KER1M ONDER 
Panoramic Radio Products, Inc. 

Mount Vernon. N. Y. 

High Fidelity Simplified by Harold D. 
Weiler. 

Published by .John F. Rider Publisher. Inc.. 480 
Canal St.. New York 13. N. Y. 208 pages. 104 illus-
trations. Size 5I X81. Price: $2.50. 

"High Fidelity Simplified" is a readable 
little book explaining the high quality home 
music system to the music enthusiast. It 
considers, chapter by chapter, the compon-
ents making up the high fidelity system, and 
thoroughly explains their functions in a 
rather easily understood way for the layman. 
The author's intention is to provide a guide 
for the prospective purchaser of high fidelity 
equipment and in this he is very successful. 
In addition, the book indicates the impor-
tance of maintaining a reasonable balance 
between cost and quality of the apparatus. 

There are two chapters on acoustics as 
applied to the reproduction of music; chap-
ters which treat in considerable detail loud-
speakers, their enclosures, the amplifier, 
record players and tuners, care of records, 
assembly and housing of the complete sys-
tem, and the tape recorder for the home user. 
A short index and a list of high fidelity com-
ponent manufacturers ends the book. Per-
haps more might have been said about the 
interconnecting wiring of the complete sys-
tem, as the problems of grounding, hum 
pickup, and so forth, were not discussed for 
the benefit of those readers assembling their 
own system without technical help. 

Although "High Fidelity Simplified" was 
written primarily for the reader with little or 
no technical background, it might be prof-
itable reading for the technician and engi-
neer interested in this field. The lay reader 
must be diligent, for a great deal of this in-
formation is discussed in a short space, but 
he will find the book a fine guide through the 
multitude of high fidelity components listed 
in the radio catalogues. 

BRUCE P. BOGERT 
Bell Telephone Laboratories 

Murray Hill, N. J. 
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Books  
Radio Operating Questions and Answers by 
J. S. Hornung and Alexander McKenzie 

Published ( 1952) by McGraw-Hill Book Com-
pany, Inc., 330 W. 42 St. New York 36, N. Y. 486 
pages + 17-page index +53-page appendix +x pages. 
129 figures. 54 X81. $6.00. 

J. L. Hornung is chief engineer, Hopkins Engineer-
ing Company, Inc.. Washington, D. C. Alexander A. 
McKenzie is associate editor. Electronics magazine, 
New York, N. Y. 

The purpose of this book is to enable the 
reader to prepare for commercial radio oper-
ator examinations by using it in conjunction 
with the FCC "Study Guide and Reference 
Material for Commercial Radio Operator 
Examinations." 

The present edition has a new approach 
as contrasted to the previous ten editions, 
and has been completely rewritten and re-
edited. The book presents questions and 
answers in four primary classifications. 
These classifications are: radio laws, regula-
tions and operating practices, general 
theory for transmitters and receivers, power 
supplies and special endorsements. Special 
endorsements cover aircraft, radio-tele-
graph, and ship-radar techniques. A 64-page 
appendix offers useful information in tables, 
symbols, and explanations. 

In spite of an attempt in reorganizing 
the material to draft illustrations, circuit 
diagrams, and the material to an up-to-date 
standard, some discrepancies and errors still 
remain. Answer 3.282 states that Class-C 
amplifiers have operating efficiencies from 
fifty to sixty per cent, while Answer 3.107 
says Class-C efficiency ranges between sixty 
and ninety-five per cent with the average 
around sixty-five per cent. Such differences 
in statements are apt to lead to confusion, 
and it is noted that in another instance some 
improvement could have been made in the 
answers relating to power factor, phase 
angle, and phase difference. 

In spite of the differences or inaccuracies 
still remaining, the authors are to be com-
mended for the improved rearrangement of 
material, which facilitates use of the book. 

ALOIS W. GRAF 
Patent Attorney 

Chicago, Ill. 

Electrodynamics by Arnold Sommerfeld 
Published ( 1952) by Academic Press Inc., Pub-

lishers, 125 E. 23 St., New York 10, N. Y. 363 pages 
+7-page index +xiii pages. 48 figures. 9 X6. $6,80. 

Arnold Sommerfeld is a lecturer at the University 
of Munich, Germany. 

This excellent English translation by Dr. 
Edward Ramberg of Sommerfeld's lectures 
on electrodynamics comprises Volume III of 
"Lectures on Theoretical Physics." 

It is not, in the usual sense, a textbook, 
but rather a philosophical derivation of 
classical electrodynamics, extending into the 
theory of relativity and the theory of the 
electron. The mathematical prowess de-
manded of the reader in the later parts of the 
book is considerable, and it should be re-
garded as good collateral reading for an ad-
vanced student of electrodynamics. 

Parts I and II of the book should, on the 
other hand, be of considerable interest to 
radio engineers. Part I proceeds with Max-

well's equations as an axiomatic basis, ex-
pressed in vectorial integral form, rather 
than in co-ordinates and differential form, 
and develops the fundamentals of Maxwell's 
electrodynamics. Part II deals with the 
derivation of phenomena from the Maxwell 
equations, and considers what happens in 
static, stationary, quasistationary, and rap-
idly varying fields. The last condition leads 
to an extensive discussion of wave fields of 
cylindrical symmetry and to a general solu-
tion of the problem of waves on wires. 

Part III is entitled, "Theory of Relativ-
ity and Electron Theory," and is probably 
the least profitable part of the book, as far 
as electronic scientists are concerned. 
Twenty years ago, when Professor Sommer-
feld was using this material in his lectures, 
it was hoped that before too long, to quote 
Mason and Weaver, a "real electron theory 
of electricity would replace an electrical 
theory of the electron." To date, this has not 
been accomplished, and the electron re-
mains more than ever the mysterious 
stranger in our midst. We know, for ex-
ample, that electrons possess a definite spin 
and a magnetic moment that can only be 
defined in terms of quantum theory. As 
Sommerfeld remarks, it is indeed strange 
that practical electronics should have re-
mained so long untouched by these funda-
mental facts and could get along with the 
notion of the charged point mass or the 
minute charged sphere. 

Part IV deals principally with Maxwell's 
theory for moving media, following Min-
kowski's equations. The effects arising from 
dielectrics rotating in magnetic fields, the 
Rowland and Roentgen effects, as well as the 
field of unipolar induction are discussed. 

Sets of problems of some profundity 
accompany each part; answers to these are 
given at the end of the book and constitute 
an interesting extension of the main dis-
cussion. 

C. W. CARNAHAN 
Sandia Base 

Albuquerque, N. M. 

Electron Tubes in Industry by Keith Henney 
and James D. Fahnestock 

Published ( 1952) by McGraw-Hill Book Com-
pany, Inc., 330 West 42 St.. New York 36, N. Y. 345 
pages +8-page index +x pages. 234 figures. 6 X9. 
$6.00. 

Keith Henney and James D. Fahnestock are asso-
ciated with the magazine Electronics, New York, N.Y. 

Although this book is a third edition, 
years have intervened since the last revision, 
and the current work required an almost 
complete re-write with new material avail-
able. 

The authors' objective is one of provid-
ing industry engineers and technicians with 
enough fundamentals to appreciate the pos-
sibilities and limitations of electronic de-
vices. The objective has been accomplished 
and, in fact, surpassed. The information pre-
sented and the simplicity in which the sub-
jects are covered suggest it should have a 
large reader audience, including electronics 
students. For those interested in more ad-
vanced treatments of the subjects covered, 

an excellent list of references accompanies 
each chapter. Also, throughout the entire 
book, the reader appreciates the clearness of 
the illustrations and the fine style in which 
the written material is presented. 

The eleven chapters are named as fol-
lows: Basic Circuit Elements, Funda-
mentals of Tubes, Basic Tube Circuits, Rec-
tifier and Power Supplies, Light-Sensitive 
Tubes, Thyratron Tube Circuits, Relays and 
Relay Circuits, Electronic Motor Control, 
Electronic Measurement and Control, Coun-
ters and Divider Circuits, High-Frequency 
Heating and Welding. 

In summary, this book is an excellent, 
although quite elementary, treatment of a 
subject of continuously growing importance. 
Almost anyone interested in the applica-
tions of electronic devices will find it inter-
esting, either to browse through quickly or 
to study in more detail, depending on the 
reader's particular proficiency in the elec-
tronics field. 

HAROLD A. ZAHL 
Signal Corps Eng., Labs. 

Fort Monmouth, N. J. 

Principles of Television Servicing by Carter 
V. Rubinoff and Magdalena E. Wolbrecht 

Published (1953) by McGraw-Hill Book Com-
pany. Inc.. 330 West 42 St., New York 36. N. Y. 542 
pages +8-page index + 10-page appendix +xv pages. 
345 figures. 9 X6. $7.50. 

Carter V. Rubinoff is dean and Magdalena E. 
Wolbrecht is former vice president of the American 
Television Laboratories, San Bernardino. Calif. 

This is a book for the student of televi-
sion servicing, not the engineer. It probably 
fulfills the needs of such an audience. The 
book is well organized and follows a logical 
presentation. In most cases the information 
is adjudged adequate. However, the first 
thing that struck this reviewer was the an-
tiquity of the illustrations. Old equipment is 
shown in almost every technical illustration. 

Although the dust jacket lists as two 
special features the latest information on 
field sequential color (obsolescent) and the 
new uhf television bands, only thirteen pages 
are devoted to these important topics. Yet 
the book is copyrighted in 1953. This is most 
unfortunate since at the time of going to 
press uhf television was actually in use in 
this country. The information on color TV is 
about three years old, nor is mention made 
of the dot sequential system or the current 
NTSC developmental work. 

While it may be argued that the televi-
sion serviceman may expect to be servicing 
a number of the earlier models of television 
sets, it hardly seems necessary to go back to 
the era of seven-inch receivers. This criticism 
applies particularly to the comparatively 
large amount of space devoted to projection-
type receivers. 

It is this reviewer's opinion that the book 
represents a dressed-up version of a televi-
sion servicing course which might have been 
given at a trade school five years ago. There 
are many other books on television servicing 
on the market with more up-to-date infor-
mation. 

JOHN H. BATTISON 
National Radio Institute 

Washington. D. C. 
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Other Applications of Radio and Elec-
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The number in heavy type at the upper 
left of each Abstract is its Universal Decimal 
Classification number and is not to be confused 
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United States National Bureau of Standards. 
The number in heavy type at the top right is 
the serial number of the Abstract. DC numbers 
marked with a dagger ( t) must be regarded as 
provisional. 

ACOUSTICS AND AUDIO FREQUENCIES 

534.213.4 2195 
Theoretical Study of Vibratory Movements 

associated with Obstacles and Discontinuities 
—J. Guittard. (Acustica, vol. 3, pp. 22-32; 
1953. In French.) Experimental results ob-
tained with brass tubes excited by sound waves, 
using powder-pattern or manometric-capsule 
methods of observation, are analyzed mathe-
matically. 

534.231-13 2196 
Second-Order Acoustic Fields: Relations 

between Energy and Intensity—J. J. Mark-
ham. (Phys. Rev., vol. 89, pp. 972-977; March 
1, 1953.) Explicit calculations, based on Airy's 
general solution for the propagation of an 
elastic disturbance in a one-dimensional gas, 
are made of the average energy density; and 
the average intensity of an acoustic wave. The 
front of the wave is shown to be a region of 
high densit y; it is followed by a region of lower 
density. This density variation seems to be a 
basic feature of a traveling wave in a gas and 
does not depend on the amplitude. (See also 
2964 of 1952.) 

534.321.9: 534.61 2197 
Sonde Method of Measuring the Ultrasonic 

Field Intensity—S. Morita. (Jour. Phys. Soc. 
(Japan), vol. 7, pp. 214-219; March/April, 
1952.) The probes used were spheres of sound-
absorbing materials of diameter about 2 mm, 
containing thermistors of diameter 0.3-0.5 
mm. From the experimental results together 
with theoretical considerations it is concluded 
that generation of heat takes place at the sur-
face of any solid in an ultrasonic field, and that 
the wave has a cooling effect. The measure-
ments were made mainly at a frequency of 
450 kc. 

534.321.9-14:534.6 2198 
Measurements of Sound Absorption in 

Water and in Aqueous Solutions of Electro-

The index to the Abstracts and References published in the PROC. I.R.E., 
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Engineer and may be purchased for $0.68 (including postage) from the Insti-
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Included with the Index is a selected list of journals scanned for abstracting, 
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lytes—G. Kurtze and K. Tamm. (Acustica, 
vol. 3, pp. 33-48; 1953.) Four different tech-
niques are described for measuring the absorp-
tion over different parts of the frequency 
range 4 kc-100 mc. The results are discussed in 
relation to theories about the properties of the 
liquids. 

534.845.1 2199 
Measurement of Sound-Absorption Co-

efficients—T. Vogel. (Ann. Télécommun., vol. 
8, pp. 93-96; March, 1953.) Various difficulties 
encountered in the measurement of room 
reverberation times and of absorption coeffi-
cients are briefly discussed. A simple method 
for absorption measurement is described in 
which observations are made of the stationary-
wave system produced near the face of a large 
sample of the material under test by interaction 
of the reflected waves with incident plane 
waves, the measurements being made in a large 
echo-free room. Experimental results at 575 
cps are compared with theoretical values 
derived on the basis of Rayleigh's theory. 

534.846 2200 
The Acoustics of the Royal Festival Hall, 

London—P. 11. Parkin, W. A. Allen, H. J. 
Purkis and W. E. Scholes. (Acustica, vol. 3, 
pp. 1-21; 1953.) Continuation of investigations 
previously noted (Parkin, 567 of 1952). Com-
ments made by listeners indicate that the 
"definition" is excellent, but that more "full-
ness of tone" is desirable for some types of 
music. Reverberation time is considered to be 
the only practical objective criterion; the value 
of the reverberation time for this hall when 
full is 1.5 seconds (at 500 cps), i.e. 0.2 second 
less than the optimum value given by Knudsen 
and Harris for a hall of this size. The "fullness" 
would probably be adequate if the reverbera-
tion time could be increased to 1.7 seconds or 
somewhat more. 

621.395.612.451 2201 
The Uniaxial Microphone—H. F. Olson, 

J. Preston and J. C. Bleazey. (RCA Rev., vol. 
14, pp. 47-63; March, 1953.) Modifications 
have been made to the ribbon microphone 
previously described (Olson and Preston, 2697 
of 1950), to produce a microphone which is 
directional and blastproof. The latter object is 
achieved by associating baffles with the ribbon 
so as to attenuate the low frequencies. Theoret-
ical and measured directional patterns are 
given and frequency response characteristics 
are shown. 

621.395.616: 621.317.39 2202 
Measurement of the Mechanical Tension 

of Capacitor-Microphone Diaphragms—F. J. 
van Leenwen. (Electronica, vol. 6, pp. 57-59; 
April 11, 1953.) Apparatus for measuring the 
diaphragm tension on the completely assembled 
microphone is described; its operation is based 

on the increase of capacitance resulting from 
application of a direct biasing voltage. Meas-
urement results indicate that durai and nickel-
foil diaphragms are relatively satisfactory as re-
gards maintenance of tension. 

621.395.623.7 2203 
Loudspeaker Baffles and Cabinets—J. A. 

Youngmark. (Jour. Brit. IRE, vol. 13, pp. 89-
98; Feb. 1953.) Graphs of the frequency re-
sponse of loudspeakers mounted in baffles of 
various shapes and sizes and in open-back and 
bass-reflex cabinets are shown and discussed. 
Main attention is given to bass-reflex cabinets 
and the triangular corner type which, used 
with a low-impedance source, has certain ad-
vantages over the flat "infinite" baffle. The 
general effect of a baffle on liF response is dis-
cussed and other design difficulties are briefly 
mentioned. 

621.395.623.7.001.4 2204 
Loudspeakers: Relations between Subjec-

tive and Objective Tests—F. II. Brittain. 
(Jour. Bra. IRE, vol. 13, pp. 105-109; Feb. 
1953.) Objective testing unrelated to subjective 
experience is largely useless and can be very 
misleading, but objective tests made in an 
echo-free room can be satisfactorily correlated 
with subjective tests made in an ordinary 
living room. Hence pitch/loudness relations 
can be derived from frequency/intensity 
curves. Where a number of attributes are to be 
tested simultaneously, the subjective form of 
test is the only one possible. 

621.395.625.3 2205 
Notes on Wear of Magnetic Heads—G. A. 

del Valle and L. W. Ferber. (Jour. Soc. Mot. 
Pic. Ev* Telev. Eng., vol. 60, pp. 501-504; April 
1953. Discussion pp. 505-506.) Wear due to the 
physical contact between the magnetic-head 
pole pieces and the magnetic coating on striped 
motion-picture film is discussed. Measurement 
methods and results obtained on R.C.A. 
record/reproduce heads are described. 

621.395.625.3:771.53 2206 
Manufacture of Magnetic Recording Mate-

rials—E. Schmidt and E. W. Franck. (Jour. 
Soc. Mot. Pic. & Telev. Eng., vol. 60, pp. 453-
462; April 1953.) An account is given of tech-
niques used in manufacturing the coating and 
base materials, and in applying the coating. 
Problems involved in the production of film 
with a stripe of magnetic material are discussed. 

621.396.625.3:771.53 2207 
Commercial Experiences with Magna-

Stripe—E. Schmidt. (Jour. Soc. Mot. Pic. •.'.:-
Telev. Eng., vol. 60, pp. 463-467; April 1953. 
Discussion, pp. 468-469.) Problems involved in 
providing photographic film %yid' a stripe of 
magnetic material are discussed. Proposed 
standards for locating the stripe are based on 
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data obtained from processing more than 
2000 prints, of various types, with a "half" 
stripe ( i.e. a stripe 0.050 in. wide, covering 
half the original photographic sound trackl. 

621.395.625.3:771.53 2208 
Magnetic Striping Techniques and Char-

acteristics—B. L. Kaspin, A. Roberts, Jr., H. 
Robbins and R. L. Powers. (Jour. Soc. Mot. 
Pic. Fe Telev. Eng., vol. 60, pp. 470-482; April 
1953. Discussion, pp. 483-484.) 

621.395.625.3:771.53 2209 
Magnetic Striping of Photographic Film by 

the Laminating Process—A. H. Persoon. (Jour. 
Soc. Mot. Pic. Fe Telev. Eng., vol. 60, pp. 485-
488; April 1953. Discussion, pp. 489-490.) 

621.395.625.3:771.53 2210 
Magnetic Sound Tracks for Processed 16-

mm Motion Picture Film—T. R. Dedell. (Jour. 
Soc. Mot. Pic. Fe Telev. Eng., vol. 60, pp. 491-
499; April 1953. Discussion pp. 499-500.) 

621.395.625.6:537.228.3 2211 
Sound-on-Film Recording using Electro-

optic Crystal Techniques—R. Dressler and 
A. A. Chesnes. (Jour. Soc. Mot. Pic. Ee Telev. 
Eng., vol. 60, pp. 205-216; March 1953. Dis-
cussion p. 216.) A modulator is described 
whose operation is based on the optical retarda-
tion produced by a crystal subjected to an 
electric field. ADP and KDP crystals are suit-
able. The electric field is applied parallel to 
the light beam, using transparent electrodes. 
Seventy-five percent modulation is obtained 
with a total system distortion of about 3.3%; 
the required driving voltage of 2 kV rms is 
derived from a standard audio amplifier through 
a matching transformer. 

ANTENNAS AND TRANSMISSION LINES 

621.315.212 2212 
Developments in High-Frequency Trans-

mitter Cables—R. C. Mildner. (Jour. Brit. 
IRE, vol. 13, pp. 113-121; Feb. 1953.) De-
scription of the mechanical and electrical 
characteristics of two types of coaxial cable 
with solid-wire inner conductor, for feeding the 
antennas of medium- and high-power trans-
mitters. One has Al sheathing, the second is 
sheathed with Cu tape. Details of the range of 
accessories available are also given. The cables 
can be used for wavelengths down to the 
decimeter range. 

621.392.621.396.67 2213 
Losses in Aerial Feeders—F. Moyano 

Reina. (Rev. Telecomun. (Madrid), vol. 9, pp. 
10-13; March 1953). A formula for the radia-
tion resistance of two-wire transmission lines 
is developed; this is used to find the power loss 
due to radiation. A calculation is made for a 
two-wire 200-m antenna feeder with steatite 
separators; radiation losses are much less than 
other losses at 1 mc, and the total losses are 
less than for a good-quality coaxial cable with 
polystyrene insulation. Other advantages of 
the multi-wire line are its low cost and the ease 
with which it can be tested for standing waves. 

621.392.21.029.64 2214 
Microstrip—A New Transmission Tech-

nique for the Kilomegacycle Range—D. D. 
Grieg and H. F. Engelmann. (Elec. Commun., 
vol. 30, pp. 26-35; March 1953.) (Reprint—see 
621 of March.) 

621.392.21.029.64 2215 
Simplified Theory of Microstrip Transmis-

sion Systems—F. Assadourian and E. Rimai. 
(Elec. Commun., vol. 30, pp. 36-45; March 
1953.) (Reprint—see 622 of March.) 

621.392.21.029.64:621.317.3 2216 
Microstrip Components—J. A. Kostriza. 

(Elec. Commun., vol. 30, pp. 46-54; March 
1953.) (Reprint—see 623 of March.) 

621.392.26 2217 
A Compact Broad-Band Microwave-Wave 

Plate—A. J. Simmons. (PRoc. I.R.F., vol. 41, 

p. 637; June 1953.) Correction to paper ab-
stracted in 3348 of 1952. 

621.392.26 2218 
On the Transient Phenomena in the Wave 

Guide—N. Namiki and K Horiuchi. (Jour. 
Phys. Soc. (Japan), vol. 7, pp. 190-193; 
March/April 1952. Correction, ibid,. vol. 7, 
p. 652; Nov./Dec. 1952.) A theoretical investi-
gation is made of wave distortion due to the 
variation of the phase velocity with frequency. 
The general formula is applied to examine the 
case when a sinusoidal oscillation is impressed 
at time l = 0; initial oscillations of appreciable 
amplitude precede the signal front. Long-
distance transmission could be affected by 
these transient phenomena. 

621.392.26 2219 
Uniform Designation of Waves in Wave-

guides—H. Meinke. (Fernmeldetech. Z., vol. 6, 
pp. 101-103; March 1953.) The German Wave-
guide Standards issued in 1944 are discussed in 
relation to present-day usage in various coun-
tries. 

621.392.26:537.226 2220 
Shielded-Dielectric-Rod Waveguides— 

R. E. Beam and H. M. Wachowski. (Trans. 
Amer. IEE, vol. 70, pp. 874-880; 1951.) A 
dielectric rod surrounded by air and by a 
metal cylinder is termed a "shielded-dielectric-
rod waveguide.° Sets of curves are given 
showing (a) the value of X/Xi, for different ratios 
of cylinder and rod radii for the TMoi, TE 01 and 
11E1 modes, (b) the relative field distributions 
within the cylinder for the same three modes. 

621.392.5 2221 
Transmission-Line Load Impedance for 

Maximum Efficiency—S. G. Lutz. (Trans. 
Amer. I EE, vol. 70, pp. 283-285; 1951.) (Full 
paper—see 2106 of 1951.) 

621.396.67 2222 
Theory of Straight Aerials—R. Gans and 

M. Bemporad. (Arch. Mehl. übertragung, vol. 
7, pp. 169-180; April 1953.) Free oscillations of 
the antenna are discussed briefly and condi-
tions for reception and transmission are 
analyzed in detail. Hallén's theory is recapitu-
lated, and a contradiction in his basic integral 
equation is cleared up. A new method is pre-
sented for solving the integral equation ex-
pressing the current distribution; this reduces 
the problem to the solution of a system of 
linear equations. The method enables any re-
quired degree of approximation to be attained 
and gives the solution in a form which enables 
particular properties of the antenna, e.g. the 
absorption area, to be calculated easily. 

621.396.67 2223 
Ground-Reflection Phase-Error Charac-

teristics of a Vertical Antenna—H. Greenberg 
and D. R. Meierdiercks. (Proc. NEC (Chicago), 
vol. 8, pp. 668-677; 1952.) Expressions for the 
phase error and amplitude factor are derived 
for the signal received from a vertical antenna 
fed at the base, the transmission being over 
ground of any given conductivity. Curves are 
given for the phase error and amplitude factor 
for an antenna about 60 ft. in height, (a) with 
base at ground level, (b) with base at a height 
of 100 ft., ground conductivities being taken as 
those of sea water, average earth and poorly 
conducting earth. Curves for the elevated 
antenna fitted with a counterpoise system of 
radius 500 ft. show a marked decrease of phase 
error with increase in amplitude. The trans-
mission frequency is 1.7 mc in all cases con-
sidered. 

621.396.67.029.63 2224 
U.H.F. Mobile Antenna—E. F. Harris. 

(Electronics, vol. 26, pp. 181-183; May 1953.) 
Descriptions are given, with radiation patterns, 
of various arrangements of center-fed vertical 
arrays of stacked elements. Coaxial cable is 
used for the feeder and is bent to form the 
radiating elements and phasing sections of the 

lower half of the array, the inner conductor 
being similarly treated for the upper half. A 
X/4 isolating sleeve suppresses radiation from 
the line below the lowest X/2 section. The 
whole array is moulded into a fiberglas sup-
porting tube carried by a tubular metal mast. 
Such antenna systems cover wide frequency 
bands and should prove useful in the 450-470-
mc band. 

621.396.677 2225 
Use of the Rhombic Aerial for Reception— 

H. Bohnenstengel. (Fernmeldetech. Z., vol. 6, 
pp. 172-178; April 1953.) An investigation is 
made of the possibility of designing the 
rhombic antenna to pick up radiation polarized 
either in its own plane or in a perpendicular 
plane. To obtain uniform characteristic im-
pedance a multiwire construction is desirable; 
details are given of the vertical spread required 
for a three-wire model. The requirements for 
the termination are studied by considering the 
antenna as a modified twin conductor. To be 
reflection-free, the terminating impedance 
must be complex, with an inductive compo-
nent. Methods of measurement are indicated; 
measurements of voltage rather than resistance 
are required. 

621.396.677 2226 
An Experimental Investigation of the 

Corner-Reflector Antenna—E. F. Harris. 
(PRoc. I.R.E., vol, 41, pp. 645-651; June 1953.) 
Radiation patterns are shown for a dipole 
symmetrically located between two reflecting 
sheets including an angle O. Results are given 
for values of O from 30° to 270° and for spacings 
of 0.1X to 3X between the dipole and vertex. 

621.396.677 2227 
Optimum Patterns for Endfire Arrays— 

R. H. Duhamel. (PRoc. I.R.E., vol. 41, pp. 652-
659; June 1953.) The methods of Dolph (2487 
of 1946) and Riblet (2685 of 1947) for optimum 
design of the broadside array with an odd num-
ber of elements have been modified so that a 
common design procedure can be used. This 
procedure is extended to the endfire array with 
an odd number of elements. A comparison is 
made between the optimum design and other 
designs of endfire array. 

621.396.677.012.12 2228 
Analysis of Microwave-Antenna Side-

Lobes—N. I. Kornizin, E. B. Herman and 
J. R. Ford. (RCA Rev., vol. 14, p. 127; Mardi 
1953.) Correction to paper noted in 41 of 
January. 

621.396.677.029.53 2229 
Design and Performance Figures of a 

Medium-Wave Directional Aerial System— 
R. Becker. (Elekiroiech. Z., vol. 74, pp. 158-
161; March 1, 1953.) Calculations are made of 
the heights, diameters and spacing of two verti-
cal antennas for directional transmission on 
506 m, and the components of the feeder sys-
tem for obtaining the correct phase relation 
of the feed currents are determined. Good 
agreement was obtained between the observed 
and calculated radiation diagrams. (See also 
Eich, 222 of January.) 

621.396.677.029.62 2230 
Slotted-Cylinder Aerials with Horizontal 

Directivity—H. Bosse. (Fernmeldetech. Z., vol. 
6, pp. 123-127; March 1953.) Theory is de-
veloped to show that with a double-slotted 
cylinder of diameter > 0.2 X it is possible to 
obtain a horizontal diagram in which the for-
ward radiation is much greater than the back-
ward or the lateral radiation, without any 
null directions. For diameters < 0.2 X, similar 
results can be obtained by providing dipoles in 
conjunction with a single-slotted cylinder. The 
calculations are confirmed by measurements. 

CIRCUITS AND CIRCUIT ELEMENTS 

538.652:1621.392.52+621.396.611 2231 
Some Applications of Permanently Mag-



1204 PROCEEDINGS OF THE I.R.E. September 

netized Ferrite Magnetostrictive Resonators— 
W. van B. Roberts. (RCA Rev., vol. 14, pp. 
3-16; March 1953.) For frequencies up to about 
1 mc, niagnetostrictive resonators using ferrites 
are very much cheaper than crystal resonators. 
Toroidal inagnetostrictive elements are dis-
cussed; by applying the biasing and driving 
fields in different directions, different modes of 
vibrations are obtained. A definition is given 
of the coefficient of coupling between driving 
coil and resonator, this coefficient affording an 
indication of the efficiency and being measur-
able with a Q meter. Applications of such de-
vices as frequency-control elements in oscilla-
tor circuits and as components in various filter 
circuits are described. 

621.3.015.7:621.387.4 2232 
A Method Ensuring Stability and Equality 

of Channel Widths in a Pulse-Amplitude Ana-
lyzer— Il. Guillon. (Jour. Phys. Radium, 
vol. 14, pp. 128-129; Feb. 1953.) The method 
is basically that of Wilkinson ( 1199 of 1950). 
Pulses of amplitudes between 5 and 50 V are 
accepted and bandwidth stability for 10-hour 
working periods is within + 0.2%. 

621.3.016.35 2233 
The Generalized Transmission Matrix 

Stability Criterion—P. M. Honnell. (Trans. 
Amer. ¡ El?, vol. 70, pp. 292-296; 1951. Dis-
cussion, pp. 296-298.) (Full paper—see 334 of 
1952.) 

621.3.016.34:621.396.615 2234 
Generalization of the Nyquist-Diagram 

Method for Nonlinear Systems—A. Bla-
quière. (Jour. Phys. Radium, vol. 13, pp. 636-
644; Dec. 1952.) Met hods previously explained 
(1625 of June) are generalized to cover the 
case of oscillations represented by a nonlinear 
differential equation of any order. 

621.314.22.015.7 2235 
The Design of a Peaking Transformer— 

A. B. Thomas. (Proc. IRE (Australia), vol. 14, 
pp. 55-57; March 1953.) The basic principles 
of the peaking transformer are outlined and 
the design of a transformer to produce 30-V 
pulses, of duration about 500 ps, from a 100-V 
50-cps input is discussed. 

621.314.235.015.8 2236 
Helical-Winding Slow-Wave Structures in 

Exponential-Line Pulse Transformers— 
J. Kukel and E. M. Williams. ( Pkoc. I.R.E., 
vol. 41, p. 669; June 1953.) A description is 
given of an experimental pulse transformer 
with integral hydrogen-thyratron pulse gen-
erator, suitable for use at the high impedance 
levels required in pulsed operation of magne-
trons. The transformer has an outer cylindrical 
shell, the inner conductor consisting of a helix 
of constant diameter whose pitch decreases 
gradually from the thyratron end. Over-all 
length is 1.81 m, input impedance 290 it and 
output impedance 1590 ft. 

621.314.3 t 2237 
Steady-State Analysis of Self-Saturating 

Magnetic Amplifiers based on Linear Approx-
imations of the Magnetization Curve—W. H. 
Esselman. ( Trans. Amer. IRE, vol. 70, pp. 
451-459; 1951.) A method is described for 
predicting the output currents of self-saturat-
ing magnetic amplifiers. 

621.314.3t 2238 
The Transient Response of Magnetic Am-

plifiers—Cases of Negligible Commutation— 
L. A. Finzi, D. P. Chandler and D. C. Beau-
mariage. (Trans. Amer. IRE, vol. 70, pp. 934-
942; 1951. Discussion, p. 142.) (Full paper— 
summary noted in 926 of 1952.) 

621.314.3:621.318.435 2239 
A Saturable-Core Reference Source for 

Use with Magnetic Amplifiers—A. G. Milnes 
and T. V. Vernon. (Jour. Sci. Instr., vol. 30, 
pp. 135-138; April 1953.) 

621.314.7:621.392.5 2240 
Terminology and Equations for Linear Ac-

tive Four-Terminal Networks including Tran-
sistors—L. J. Giacoletto. (RCA Rev., vol. 14, 
pp. 28-46; March 1953.) A general system of 
terminology is developed for linear active 
quadripoles, both nodal and loop analysis being 
presented. Definitions are given of current, 
voltage and power amplification factors, and 
the transformation equations are derived. The 
results are applied to a number of transistor 
circuits, the appropriate formulas being tabu-
lated. Numerical examples are worked out. 

621.316.541 2241 
A Printed-Circuit Multiconductor Plug— 

W. D. Novak. (Proc. NEC (Chicago), vol. 8, 
pp. 489-494; 1952. Tele-Tech., vol. 12, pp. 
64-66, 112; Jan. 1953.) 

621.316.86:537.312.6 2242 
Thermistor Production—W. T. Gibson. 

(P.O. Elec. Eng. Jour., vol. 46, pp. 34-36; 
April, 1953.) Short illustrated account of the 
manufacture of bead-type and rod-type ther-
mistors from powdered mixtures of the oxides 
Ni, Mn and Cu. 

621.318.572 2243 
A New Type of Waveguide Rotary Switch— 

D. G. Kiely. (Jour. Brit. IRE, vol. 13, pp. 
100-103; Feb. 1953.) A high-speed waveguide 
switch is described which will connect two re-
ceivers or transmitters alternately to one an-
tenna and which is particularly suitable for 
centimeter wavelengths. The performance of a 
model operating at 8 mm X was satisfactory. 

621.318.572 2244 
Scale-of-Ten Counting Unit using Four 

Double Triodes—R. Wahl. (Jour. Phys. Ra-
dium, vol. 13, pp. 670-671; Dec. 1952.) De-
scription of a scale-of- 16 circuit converted to 
scale-of-ten operation by means of feedback 
from the fourth to the second stage, Ge 
crystals being used for the feedback coupling 
and for that between the first and second stage. 

621.318.572:621.314.8 2245 
A Transistor Reversible Binary Counter— 

R. L. Trent. (Proc. NEC (Chicago), vol. 8, 
pp. 346-357; 1952.) (See 650 of March.) 

621.319.4.029.5 2246 
The Properties of Capacitors at High Fre-

quencies—NV. Hartmann. (Bull. schweiz. elek-
trotech. Ver., vol. 44, pp. 258-262; March 21, 
1953. In German.) The variations with fre-
quency of the capacitance and loss angle of 
capacitors are deduced from the equivalent 
circuit, the frequencies considered ranging up 
to the television band. The self-resonance fre-
quencies of paper, mica and ceramic capacitors, 
taking account of wire leads, are shown by 
curves. Other curves show the variation of loss 
angle with frequency. 

621.392 2247 
On Linear Electrical Networks—B. Gross. 

Ann. Acad. bras. Sci., vol. 24, pp. 443-447; 
Dec. 31, 1952.) Preliminary note of a method of 
analysis in terms of network admittance. 

621.392.015.3 2248 
The Calculation of Carrier-Frequency 

Transients—W. Hândler and J. Peters. (Fern-
meldetech. Z., vol. 6, pp. 179-188; April 1953.) 
By using function theory and the Laplace-
transform method, exact calculations are made 
without introducing any assumptions regard-
ing the phase response of the transmission 
system. Demodulation calculations by two 
methods are considered. As an example of use 
of the preferred method, a calculation of the 
carrier-frequency transients is made for the 
vestigial-sideband IF amplifier described by 
Zimmermann (2062 of 1952); a step voltage is 
used for modulation. In appendixes, the prac-
tical application of the residue theorem to 
transmission calculations is demonstrated, and 
a chart for plotting transients is presented. 

621.392.4/.5 2249 
Equivalent Circuits using Negative Two-

Pole Elements—W. Klein. (Arch. elekt. 
Übertragung, vol. 7, pp. 198-201; April 1953.) 
Calculations for three-pole and multipole net-
works are simplified by substitution of equiva-
lent circuits consisting only of two-pole ele-
ments, some of which have negative values. 

621.392.4.012 2250 
Loci of Complex Impedance and Admit-

tance Functions—E. L. Michaels. (Trans. 
Amer. IRE, vol. 70, pp. 299-303; 1951.) 
(Full paper—see 2125 of 1951.) 

621.392.43 2251 
Impedance Matching with Transformer 

Sections—R. W. Klopfenstein. (RCA Rev., 
vol. 14, pp. 64-71; March 1953.) An equiva-
lent circuit for a transmission-line transformer 
section is discussed which allows considerable 
flexibility in design and enables end effects to 
be easily taken into account. 

621.392.5 2252 
On the Approximation Problem in Network 

Synthesis—A. D. Bresler. (PRoc. I.R.E., vol. 
41, p. 644; June 1953.) Correction to paper 
abstracted in 660 of March. 

621.392.5 2253 
Networks for which Magnitude or Phase 

Angle of Input Impedance or Transfer Admit-
tance remains Constant as Load Varies— 
R. S. Berkowitz. (Trans. Amer. IRE, vol. 70, 
pp. 286-291; 1951.) The conditions are deter-
mined that must be satisfied by a network at 
constant frequency to obtain a particular vari-
ation of input impedance or transfer admit-
tance when the load changes in a specified way. 
Results are tabulated for ten special cases. 

621.392.5 2254 
The Parameters of a Four-Terminal Net-

work—A. E. Ferguson. (Aust. Jour. A ppl. Sci., 
vol. 4, pp. 18-27; March 19.53.) The method of 
analyzing quadripoles in terms of image im-
pedances and a propagation constant is com-
pared with the method based on the general 
circuit constants; the latter method, which can 
conveniently be treated by matrix algebra as 
described by Guertler (2440 of 1950) is pre-
ferred. The relation between the two sets of 
constants is examined and typical applications 
are illustrated 

621.392.5 2255 
Note on the Iterated Network and its Appli-

cation to Differentiators—H. L. Armstrong. 
(PRoc. I.R.E., vol. 41, p. 667; June 1953.) An 
alternative proof is given of the formula for a 
power of a matrix recently given by Pease 
(2457 of 1952). 

621.392.5 2256 
Use of Locus Diagrams to determine the 

Equalizing Action of Bridged-T Networks— 
E. Thinius. (Fernmeldetech. Z., vol. 6, pp. 109-
115; March 1953.) Numerical examples are 
used to show the method of determining from 
the impedance diagram the variation with fre-
quency of the attenuation and phase coefficients 
of bridged-T networks of different types. 

621.392.5 2257 
How to Design Notch Networks—C. J. 

Savant, Jr. (Electronics, vol. 26, pp. 188-191; 
May 1953.) Curves are given which simplify 
the design of capacitor-shunt or resistor-shunt 
bridged-T networks and of parallel-T networks 
of the infinite-attenuation RC type. 

621.392.5 2258 
Synthesis of Unbalanced RLC Networks— 

L. Weinberg. (Proc. NEC (Chicago), vol. 8, 
pp. 598-608; 1952. Jour. Appl. Phys., vol. 24, 
pp. 300-306; March 1953.) Each inductor of 
the network is assumed to have associated 
series resistance. The method of synthesis 
makes use of novel features, including (a) the 
breakdown of a Hurwitz polynomial into two 
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others, ( 13) application of a network theorem to 
division of the network into two parts and (c) 
a method of zero shifting with one pair of com-
plex poles, (a) and (c) being discussed in ap-
pendixes. The network realizes a minimum-
phase transfer function whose numerator and 
denominator are of degree not higher than the 
third and fourth respectively, and whose poles 
and zeroes may lie anywhere in the left half 
of the complex-frequency plane. Extension of 
the procedure to functions of higher degree is 
considered briefly. 

621.392.5 2259 
High-Characteristic-Impedance Distrib-

uted-Constant Delay Lines for Fractional-
Microsecond Pulses—W, S. Carley and E. F. 
Seymour. (Proc. NEC. (Chicago), vol. 8, pp. 
787-79g; 1952.) The delay lines described are 
pile wound with wire of 41-48 gauge (about 
1500 turns/in.) on polystyrene rods previously 
coated with silver paint, slotted lengthwise at 
10° intervals and then insulated with teflon 
tape prior to winding. A typical line, 10 in. in 
length and 0.2 in. in diameter, has a character-
istic impedance of 5.6 Mt, a delay of 3.7 us and 
an attenuation of the order of 0.3 db/us. Pulse 
rise and fall times are about 0.1 ms. Response 
curves for pulses of 0.3, 0.37, 0.6, 1.0 and 2.4 ms 
duration are given. Characteristics of 5.6-klt and 
10-kit lines are tabulated. (See also Electronics, 
vol. 26, pp. 188-192, 194; April 1953.) 

621.392.5 2260 
Phase and Group Delay—R. Krastel. 

(Funk u. Ton., vol. 7, pp. 74-83; Feb. 1953.) 
Expressions for phase and group delay are ob-
tained and the design of low-pass delay net-
works is considered, with illustrative numerical 
examples. 

621.392.5:621.396.645 2261 
Networks with Maximally Flat Delay— 

Kiyasu-Zem'iti, Nobuiti Ikeno and Sigeharu 
Yamada. (Wireless Engr., vol. 30, pp. 158-
159; June 1953.) (Comment on 3375 of 1952, 
Thomson.) 

621.392.52 2262 
Wiener's Theory of Linear Filtering— 

D. A. Bell. (Wireless Engr., vol. 30, pp. 136-
142; June 1953.) Wiener's theory (2465 of 1950) 
introduces the concept of the "optimum linear 
filter" for use when signal and noise occupy the 
same frequency band. This concept is exam-
ined without attempting to follow the complex 
mathematics of the original. The discussion is 
limited to the extreme cases of "zero-lag" and 
"infinite-lag" filters, which are appropriate re-
spectively to telecommunication and auto-
matic-control systems. A formula is derived 
for the transfer characteristic of the optimum 
filter for an input signal having the power spec-
trum 1/(1-1-ce) with uniform random noise. 
For the zero-lag case the transfer characteristic 
is affected by consideration of phase/frequency 
variations; for the infinite-lag case it is not. For 
applications in which delay can be tolerated, 
the infinite-lag filter has the advantage of 
transmitting a much greater fraction of the 
input power. The applicability of "optimum" 
filters is discussed. 

621.396.6 2263 
Improved Components and Materials for 

Reliable Electronic Equipment—A. W. Rogers 
and B. A. Diebold. (Elec. Mfg., vol. 48, pp. 
114-119, 280; Nov. 1951.) Discussion of im-
provements in components and manufacturing 
techniques resulting from a U. S. Signal Corps 
research program. 

621.396.6:061.4 2264 
The National Radio-Components Exhibi-

tion, 1953—J. Rousseau'. ( TSF et TV, vol. 
29, pp. 157-161, 189-195; April/May 1953). 
Review of annual exhibition in Paris, with 
descriptions and illustrations of selected items. 
For other accounts see Toute la Radio, vol. 
20, pp. 157-168; May 1953 and Télévision, 
No. 33, pp. 113-118; May 1953. 

621.396.6:681.142 2265 
Circuitry "Packages" for Electronic Com-

puters—( Tech. Bull. Nat. Bur. Stand., vol. 37, 
pp. 36-37; March 1953.) Short description of 
etched-circuit mass-produced units, 7 X 3.5 X 1 
in., with projecting pin connections. The basic 
unit comprises a transformer-coupled pulse 
amplifier using a Type-6AN5 miniature beam-
tetrode and a number of Ge diodes. Four vari-
ants of the basic unit meet most computer-
circuit requirements. A new computer including 
800 such units is under construction. Test 
jacks facilitate location of defective units and 
of defective components of individual units. 

621.396.611.1 2266 
Electrical Oscillations: a Physical Approach 

to the Phenomena—A. W. Gillies. (Wireless 
Engr., vol. 30, pp. 143-158; June 1953.) Phe-
notnena occurring in oscillator circuits are ex-
plained in terms of modulation products. For 
an input signal of given form an analysis is 
made of the modulation products introduced 
by the curvature of the characteristic of a 
nonlinear resistor, the characteristic being 
represented to any required degree of accuracy 
by a polynomial. The operation of a negative-
resistance oscillator including a nonlinear re-
sistor is explained in terms of this analysis. In 
general the oscillation frequency deviates 
slightly downwards from the resonance fre-
quency associated with the linear part of the 
circuit. Forced oscillations and synchronization 
are considered. A vector representation is de-
veloped for transient behavior and combined 
oscillations. For detailed mathematical discus-
sion see 308 of 1950. 

621.396.611.1 2267 
The Response of a Tuned Circuit to a Ramp 

Function—M. S. Corrington. (Paoc I.R.E., 
vol. 41, pp. 660-664; June 1953.) A ramp 
function is defined as one whose value increases 
linearly up to a certain point and then remains 
constant. Response curves are shown for a 
parallel-tuned LRC circuit subjected to (a) a 
linearly increasing driving force, (b) ramp 
voltages with various rise times. In each case 
curves are given for circuit Q values of 0.5, 1, 2, 
4, 8 and ce. 

621.396.611.1.012.1:512.942 2268 
Three-Dimensional Locus Curves for De-

scribing the Properties of Electrical Circuits— 
D. M. Tombs. (Electrotech. Z., vol. 74, pp. 
232-234; April 11, 1953.) In the Jahnke-Emde 
"Tafeln hifeherer Funktionen" (2826 of 1949) 
the Fresnel integral is shown by an isometric 
representation of a space curve. Prowse (2481 
of 1948) has shown that the characteristics of 
an oscillatory circuit can be similarly repre-
sented by a three-dimensional locus curve whose 
projections on the three reference planes give 
respectively the usua: circle diagram, a reso-
nance curve, and an N-shaped susceptance 
diagram. Wire models, on similar lines, are 
described which show the relation between im-
pedance and frequency, or between admittance 
and frequency, for some simple and coupled 
circuits. 

621.396.611.21.029.45 2269 
A New Quartz Oscillator for the Frequency 

Range 1-20 kc—A. Karolus. (Electrotech. Z., 
vol. 74, pp. 136-140; March 1, 1952.) A quartz 
oscillator in the form of a tuning fork is de-
scribed. Each prong carries four electrodes ar-
ranged according to the cut of the crystal and 
connected so that on application of a voltage 
via the spring suspensions the inner and outer 
halves of each prong are stressed in opposite di-
rections. In air the Q factor is 2 X 104, increasing 
to 105 at a pressure of a few mm Hg. With 
thermostatic control the frequency variation 
can be kept to within 1 part in 108. 

621.396.611.4 2270 
Electromagnetic Field Expansions in Loss-

Free Cavities Excited through Holes—T. 
Teichmann and E. P. Wigner. (Jour. Ape. 

Phys., vol. 24, pp. 262-267; March 1953.) 
"The electromagnetic field in a loss-free cavity 
excited through holes cannot be completely 
expressed in terms of the short-circuit modes 
of the cavity satisfying the condition that the 
tangential component of the electric field is 
zero on the boundary of the cavity including 
the openings. For a complete expansion it is 
necessary to add an irrotational magnetic field, 
which contributes a term inversely proportional 
to the frequency, to the usual admittance 
matrix. If the cavity is presumed to include a 
reasonable portion of the guides feeding the 
openings, this irrotational component becomes 
almost diagonal." 

621.396.615.018.751:621.317.755 2271 
The Sawtooth Derivator—D. Admiraal. 

(Electronic Ape Bull., vol. 13, pp. 117-137; 
Aug./Sept. 1952.) The sawtooth derivator 
differs fundamentally from the conventional 
type of timebase generator in that the re-
quired waveform is derived front an arbitrary 
waveform which, in its turn, is d( rived from 
the signal applied to the CRO. In this way 
perfect synchronization is obtained. Various 
types of clipping and differentiating circuits 
are discussed and a description is given, with 
full circuit details, of practical equipment 
which functions entirely automatically and 
covers the frequency range 30 cps-15 kc with-
out any switching operations. 

621.396.615.029.62 2272 
220-Mc/s Oscillator with a TBW-6/6000 

or TBL-6/6000 Transmitting Valve—G. Mol. 
(Electronic Ape Bull., vol. 13, pp. 138-144; 
Aug.-Sept. 1952.) Details are given of the 
construction of a self-excited oscillator using 
either a water-cooled or an air-cooled high-
power transmitting tube. Illustrations are 
given of the special anode-grid and cathode-
grid circuit arrangements and of the method of 
coupling used for a water-cooled dummy load 
consisting of a X/4 shorted coaxial line. The 
power dissipated in the load, about 3.25 kW, is 
estimated from the rise in temperature and 
rate of flow of the cooling water. 

621.396.615.14: 621.385.3 2273 
A Mode of Oscillation of Conventional Tri-

ode Valves—G. Raoult and R. Turlier. (comm. 
Rend. Acad. Sci. (Paris), vol. 236, pp. 1007-
1009; March 9, 1953.) Analysis shows that if 
certain conditions are satisfied UHF oscilla-
tions are possible in a triode tube designed for 
lower frequencies. This was verified for a Tele-
funken Type-LSI80 triode, which is designed 
to oscillate on wavelengths down to about 50 
cm. The tube has two grid and two anode 
terminals and to these a resonant 4-wire system 
was attached, with a 20-kit resistor and milli-
ammeter connected between grid and earth. 
With an anode voltage of 500 V good oscilla-
tions on a wavelength of 11.4 cm were ob-
tained, the mean oscillatory voltage on the 
grid being about 30 V and on the anode about 
300 V. The calculated wavelength was about 
11 cm. 

621.396.615.17 2274 
Stability in Negative-Feedbadk Time-

Bases—A. B. Starks-Field. (Electronic Eng., 
vol. 25, pp. 192-197; May 1953.) The term 
"double stroking" is applied to a condition 
in which alternate scanning strokes are dis-
similar; this phenomenon is liable to occur 
during starting, and may continue indefinitely, 
in any timebase where the initiation of flyback 
depends on the conditions existing at the end 
of the scan and the flyback is maintained linear. 
The process is examined in detail for sonic typi-
cal circuits. 

621.396.616: 621.31F.572 2275 
Interesting Nonlinear Effects—R. S. Mac-

Kay. (Jour. Ape. Phys., vol. 24, pp. 311-313; 
March 1953.) Experiments show that simple 
circuits comprising ordinary electric lamps 
together with iron-core transformer coils and 
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capacitors have properties similar to some 
multivibrators and ring circuits. Applications 
to switching, counting and delaying are indi-
cated. 

621.39t.645.015.7: 621.387 2276 
The Gas-Filled Triode as Pulse-Amplifier 

Valve—E Knoop. (Z. angew. Phys., vol. 5, pp. 
105-107; March 1953.) Au experimental inves-
tigation is reported. Using a special circuit to 
avoid permanent ignition, a recovery time of 2 
'As can be attained with a Ile-filled Type-EC50 
tube. For applied pulses of duration > 1 las the 
operating threshold value of input voltage may 
be as low as 0.1 V; for shorter pulses the thresh-
old is a few volts. As pulse width and height 
decreases, the build-up time for the discharge 
increases and the time delay of the amplified 
pulse is increased. The gas triode is thus only 
appropriate in the output stage of a pulse 
amplifier. 

621.396.645.018.424 2277 
Video Amplifiers with Extremely Large 

Bandwidth—F. J. Tischer. (Electrotech. Z., 
vol. 74, pp. 131-133; March I, 1953.) Practical 
designs of a cascade amplifier and one with 
distributed amplification are illustrated. Com-
parison of the two types shows certain advan-
tages of the cascade type. 

621.396.645.35 2278 
A Direct-Voltage Amplifier for Voltages 

down to ur9 V [from sources] having Low 
Internal Resistance—W. Kroebel. (Naha-
wissenschaften, vol. 40, p. 197; March 1953.) 
The low voltage threshold is achieved by 
using a crystal contact relay and Tesla trans-
former in the input circuit to convert the dc 
to ac for amplification. 

621.396.645.35 2279 
A Survey of the Limits in DC Amplification 

—C. M. Verhagen. (Puoc. I.R.E., vol. 41, 
pp. 615-630; June 1953.) The effect of a change 
of the cathode temperature of planar diodes 
and triodes is calculated and the possibility 
of compensating this temperature effect is 
discussed. The effect of anode-voltage changes 
is analyzed and some new compensating circuits 
are described which enable dynamic and in-
phase balance to be obtained simultaneously 
with a single adjustment. For all balanced cir-
cuits the requirements as regards stability of 
the supply or auxiliary voltage are found to be 
nearly the same. Changes of tube constants 
with time are discussed. Investigation showed 
that the poorly defined position of the heater 
in the cathode sleeve of some tubes seriously 
limited their stability. 

621.396.645.371.081.78 2280 
Harmonic Distortion and Negative Feed-

back—R. O. Rowlands. (Wireless Engr., vol. 
30, pp. 133-135; June 1953.) An analysis is 
made which takes account of the production 
of harmonics of order higher than the second 
by the negative-feedback process. The usual 
formula for the reduction of distortion by ap-
plication of negative feedback is accurate if the 
slope of the amplifier output-voltage/input-
voltage curve does not vary appreciably over 
the working range. If a tube with a sharp cut-
off is used and the input voltage is greater than 
the cut-off value, no reduction of distortion can 
be effected by negative feedback. 

621.396.822: 621.396: 645: 621.314.7 2281 
Noise in Transistor Amplifiers—E. Keon-

jian and J. S. Schaffner. (Proc. NEC (Chicago), 
vol. 8, pp. 343-345; 1952.) (See 1288 of May.) 

621.392.52 2282 
Filter Design Data for Communication En-

gineers—J. H. Mole. [Book Review.] Pub-
lishers: E. and F. N. Spon, 252 pp., 63s; 
1952. (Elec. Eng., vol. 25, p. 221; May 1953.) 
A design procedure is outlined which permits 
rapid computation of the element values of the 
optimum Zobel filter having a given attenua-
tion characteristic. 

GENERAL PHYSICS 

534.2:537.3 2283 
The Acousto-Electrie Effect—R. H. Par-

menter. (Phys. Rev., vol. 89, pp. 990-998; 
March 1, 1953.) Theoretical calculations indi-
cate that an electric current should be gen-
erated in a crystal by the passage through it of 
an acoustic wave. In a metal, the electrons 
concerned are at the Fermi level; in an n-type 
semiconductor they are in the conduction band. 
Calculations for Na and for n-type Ge indicate 
that the predicted effect should be measurable. 

535.37:537.228 2284 
Initial Rise of Brightness of Electro-

luminescent Substances under the Action of an 
Alternating Field—F. Vigean. (Comm. Rend. 
Acad. Sci. (Paris), vol. 236, pp. 1151-1153; 
March 16, 1953.) Observed phenomena can be 
explained on the assumption of excitation of 
luminescence centers by conduction-band elec-
trons that have acquired sufficient energy. 
These electrons reach the conduction band from 
electron donor levels a few tenths of an elec-
tron-volt below and are then accelerated. 

535.37:537.228 2285 
Influence of Electric Fields on Lumines-

cence—F. Matossi and S. Nudelman. (Phys. 
Rev., vol., 89, pp. 660-661; Feb. 1, 1953.) 
Brief report of an investigation of the lumines-
cence of a ZnS-Cu phosphor excited by near-
ultraviolet radiation and subjected to alternat-
ing electric fields at frequencies up to 10 kc. 
The procedure used was similar to that of 
Destriau ( 110 of 1949). 

535.37: 537.228 2286 
Effect of an Electric Field on a Continuously 

Excited Phosphor—F. Matossi. (Naturwissen-
schaften, vol. 50, pp. 239-240; April 1953.) 
When an alternating electric field is applied 
to a ZnS-Cu phosphor excited to steady-state 
luminescence, a momentary increase of lu-
minescence is observed, with a subsequent 
drop and a slow change to a new steady state, 
a periodic intensity ripple, of double the field 
frequency, being superposed. Switching off the 
field generally results in a new momentary 
intensity with subsequent gradual return to 
the initial value. These effects are explained 
on the basis of theory given by Randall & Wil-
kins ( 1808 of 1946). 

537.213+538.123:517.947.42 2287 
Vector Potential Derivation from Scalar 

Potentials—J. J. Smith. (Elec. Eng. ( N.Y.), 
vol. 71, p. 802; Sept. 1952.) Digest of paper 
presented at AIEE District Meeting, May 
1952. Definitions are given of vector potential; 
it is shown that vector potentials can be de-
rived from the scalar potentials included in the 
Tables of Green's Functions (2360 below). Re-
sults are given for the field due to a thin 
rectangular sheet of magnetic material or a 
rectangular coil. 

537.221 2288 
Calculation of Contact Potentials—H. Dor-

mont. (Compt. Rend. Acad. Sci. ( Paris), vol. 
236, pp. 1009-1011; March 9,1953.) A formula 
is derived for the contact potential between 
two metals from consideration of Fermi energy 
levels and surface thermal-electron flux. 

537.221 2289 
Contact Phenomena—H. Dormont. (Compt. 

Rend. Sci. ( Paris), vol. 236, pp. 1238-1240; 
March 23, 1953.) Continuation of investigation 
noted in 2286 above. If the two barrier layers 
have the same transparency, the usual formula 
for contact potential is found in terms of the 
constants of the Dusliman-Richardson equa-
tion; if the two barrier layers have different 
transparencies. a correction term comes into 
play. Analysis indicates that by making suf-
ficiently accurate measurements of contact 
potential it should be possible to separate 
emission-constant variation due to variation of 

work function with temperature from that due 
to barrier transparency. 

537.311.1:621.396.822 2290 
Electrical Fluctuation Phenomena—H. 

Witt. (Z. Phys., vol. 133, pp. 661-664; Dec. 2, 
1952.) The possibility is discussed that fluctua-
tion phenomena in insulating materials may 
have their origin in recombination fluctuations 
of the freed electrons with their positive re-
sidual charges, the recombination fluctuations 
being related to the statistical density fluctua-
tions of the solid and being amplified by the 
mechanism of electronic conduction. 

537.311.33 2291 
Transistors: Theory and Applications: 

Part 3—Physical Properties of Electrons in 
Solids—A. Coblenz and II. L. Owens. (Elec-
tronics, vol. 26, Pp. 162-165; May 1953.) Pre-
sents a concept of the electron that fits with 
generally accepted explanations of phenomena 
in semiconductor materials that are responsible 
for transistor action. ( l'art 2: 1957 of July.) 

537.523.093 2292 
Dependence of Direct Sparkover Voltage 

of Gaps on Humidity and Time—P. B. Jacob, 
Jr. and G. M. L. Sommurman. (Trans. Amer. 
IEE, vol. 70, pp. 921-924; 1951. Discussion, 
pp. 924-925.) A systematic investigation of 
humidity and time effects on the breakdown 
voltage for gaps using (a) spheres 12.5 cm in 
diameter, (b) standard rods, in. square sec-
tion, with square edges. Results are shown 
graphically and discussed. 

537.562:538.632 2293 
General Expression for the Conductivity 

Tensor and for the Dielectric Tensor in an 
Ionized Medium. Various Applications: Hall 
Effect and Generalization of Langevin's 
Formula for Mobility—T. Kahan and R. Jan-
cel. (Compt. Rend. Acad. Sci. ( Paris), vol. 236, 
pp. 1478-1481; April 13, 1953.) A calculation 
to a first order of approximation is made of the 
distribution function for electrons in an ionized 
gas exposed to crossed magnetic and electric 
fields. The rate of diffusion of the electrons is 
deduced and expressions are derived for the 
conductivity and dielectric tensors. In a later 

paper, the formulas obtained are to be dis-
cussed and compared with those established 
by Huxley ( 1266 of 1952). 

538.061.3 2294 
Washington Conference on Magnetism, 

2nd-5th September 1952—(Rev. Mod. Phys., 
vol. 25, 351 pp.; Jan. 1953.) The 66 papers pre-
sented at the conference are given in full, with 
reports of Lite discussions. 

538.12 2295 
The External Magnetic Field of a Single 

Thick Semi-Infinite Parallel Plate terminated 
by a Convex Semicircular Cylinder—N. Davy 
and N. I-1. Langton. (Quart. Appt. Math., vol. 
6, pp. 115-121; March 1953.) 

538.3 2296 
General Solutions of Maxwell's Equations 

—É. Durand. (Cota pt. Rend. Acad. Sci. 
(Paris), vol. 236, pp. 1407-1409; April 8, 1953.) 
Expressions are derived which are sufficiently 
general to cover the case of charges or currents 
within the volume considered. 

538.56: 535.42 2297 
Diffraction by a Thick Semi-infinite Plate— 

D. S. Jones. (Proc. Roy. Soc. A, vol. 217, pp. 
153-175; April 8, 1953.) A method of anaylsis 
based on that previously described (374 of 
February) is applied to the problem of the 
diffraction of a two-dimensional plane har-
monic wave by a semi-infinite perfectly con-
ducting plate of thickness d. Expressions are 
obtained for the distant field when d has any 
value, and the effects at the boundary of the 

shadow are deduced. Extension of the theory to 
the problem of diffraction by a thick plate of 
finite length is briefly discussed. The theory is 
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also extended to incident scalar waves whose 
direction of propagation does not lie in the 
plane perpendicular to the plate. 

538.56:535.42 2298 
The Diffraction of a Dipole Field by a Per-

fectly Conducting Half-Plane— T. B. A. Senior. 
(Quart. Appt. Math., vol. 6, pp. 101-114; 
March 1953.) A method of analysis is developed 
which is valid for any orientation of the dipole; 
the dipole field is resolved into plane waves 
whose diffraction can be studied independently. 
The particular case of an electric dipole with 
its axis normal to the half-plane is investigated. 

538.566:537.56 2299 
Absorption in an Electron-Gas Mixture— 

H. Kober. (Ann. Phys. (Lpz.), vol. 11, pp. 
1-11; Oct. 10, 1952.) The influence of the col-
lision damping on the polarization of an elec-
tron-gas mixture subjected to an alternating 
electric field is calculated using the kinetic 
theory of gases and assuming the simplest 
type of elastic collision. The nonlinear effect 
of the absorption is estimated to a first ap-
proximation; this nonlinearity is significant for 
long waves propagated in the ionosphere. 

538.569.4 2300 
Microwave Absorption Spectrum of ND3— 

R. G. Nuckolls, L. J. Rueger and II. Lyons. 
(Phys. Rev., vol. 89, p. 1101; March I, 1953.) 
The frequencies of the main J, K sequence of 
inversion lines in the ND3 absorption spectrum 
between 1.589 and 2.54 kmc, measured in a 
coaxial type of Stark cell, are tabulated to-
gether with values calculated from an NI-13-
type formula. 

538.613 2301 
The Faraday Effect in Conductors and 

Semiconductors—A. Surduts. (Cotnpl. Rend. 
Acad. Sci. (Paris), vol. 236, pp. 1005-1007; 
March 9, 1953.) Analysis on classical lines is 
presented for the effect on a plane-polarized 
plane EM wave of an applied constant mag-
netic field in the direction of propagation. A 
formula for the rotation of the plane of polari-
zation is derived which may possibly be 
checked experimentally. 

538.691: 537: 122 2302 
The Influence of Magnetic Impulses on the 

Kinetic Energy of Electrons—L. Kolodziej-
czyk. (Comp. Rend. Acad. Sci. (Paris), vol. 
236, pp. 1476-1478; April 13, 1953.) Analysis 
is presented showing that magnetic impulses, 
such as those caused by EM waves with dis-
continuities in the magnetic components, may 
produce variation of the kinetic energy of 
electrons and may contribute to the destruction 
of atomic structures. 

539.211:537.533 2303 
Surface Investigation of Metals and Non-

metals with Exo- and Photoelectrons— 
J. Kramer. (Z. Phys., vol. 133, pp. 629-646; 
Dec. 2, 1952.) The term "exo-electrons" is 
applied to electrons emitted from a surface 
under excitation by light of sufficiently short 
wavelength, an exothermic process being in-
volved. A description is given of the special 
Geiger-type needle counter used in the investi-
gation, the light source with plexiglas lenses 
being built into the counter. Results obtained 
are shown graphically and discussed; they in-
clude curves showing (a) the decay of exo-
and photoelectron emission from energy-
treated Pt, stretched Al, and gypsum, and (b) 
temperature variation of exo-electron emission 
from gypsum, CaO, quartz and quinine sul-
phate subjected to various types of irradiation. 

621.3.011.4:518.12 2304 
Calculation of the Capacitance of a Circular 

Annulus by the Method of Subareas- T. J. 
Higgins and D. K. Reitan. (Trans. Amer. 
IEE, vol. 70, pp. 926-931; 1931. Discussion, 
pp. 931-933.) An approximation method is de-
scribed and applied to the determination of the 
capacitance and charge distribution of a circu-

lar annulus and of a circular disk. The fourth 
approximations for the capacitance are in good 
agreement with the known exact values. 

GEOPHYSICAL AND EXTRA-
TERRESTRIAL PHENOMENA 

523.746 2305 
The Magnetic Field Strength in Sunspots— 

G. Thiessen. ( Naturwissenschaften, vol. 40, pp. 
218-219; April 1953.) Brief discussion of the 
validity of formulas developed by various in-
vestigators. 

523.746 2306 
The Sunspot Series—R. N. Bracewell. 

(Nature (London), vol. 171, pp. 649-650; April 
11, 1953.) Because of the lack of a truly peri-
odic term in the sunspot-number series, pre-
dictions have so far been made on an empirical 
basis. A more satisfactory representation is 
obtained by plotting the numbers with reversed 
sign for alternate 11-year periods, to give a 
22-year cycle with practically zero mean value. 
A significant degree of correlation is found be-
tween the slopes of adjacent flanks of the suc-
cessive 11-year cycles. 

550.384.3(99) 2307 
Mean Magnetic Field and Secular Varia-

tion in Adelie Land from May 1951 to 1st 
January 1952-1'. N. Mayaud. (Compt. Rend. 
Acad. Sci. ( Paris), vol. 236, pp. 954-956; 
March 2, 1953.) 

551.510.535 2308 
The Lower E and D Region of the Iono-

sphere as deduced from Long Radio Wave 
Measurements—R. J. Nertney. (Jour. Alms. 
Terr. Phys., vol. 3, pp. 92-107; Feb. 1953.) 
An ionosphere model is proposed which is in 
reasonable agreement with experimental data. 
During the day this locates the 16-kc reflection 
region in the tail of the D layer around 75 km 
height, the ionosphere-winds region in the nose 
of the later centered on 77 km, and a region of 
minimum ionization density between the D 
and E layers at about 80 km, with electron 
density of about 300 electrons/ems. 

551.510.535 2309 
The Longitude Effect in the F Region— 

K. Rawer and C. M. Minnis. (Jour. Atenos. 
Terr. Phys., vol. 3, pp. 123-124; Feb. 1953.) 
(Further discussion—see also Rawer, 1379 of 
1951 and Minnis, 3081 of 1952.) 

551.510.535 2310 
Ionospheric Storms and the Geomagnetic 

Anomaly in the F2 layer—E. V. Appleton and 
W. R. Piggott. (Jour. Almos. Terr. Phys., 
vol. 3, pp. 121-123; Feb. 1953.) Graphs are 
shown of (a) hourly values of the ratio of criti-
cal frequency on magnetically disturbed days 
to that on quiet days for Wakkanai during the 
winter, (b) hourly values of the ratio of critical 
frequency at Ottawa to that at Wakkanai 
during the winter. The shape of the graphs is 
similar, indicating that the geomagnetic dis-
tortion anomaly in the F2 layer is such that it 
causes a minimum of critical frequency in the 
forenoon and a maximum in the afternoon. For 
Huancayo the principal anomaly is the ab-
normal maintenance of high fF2 values after 

sunset. 

551.510.535: 551.55 2311 
Travelling Disturbances in the Ionosphere: 

Diurnal Variation of Direction—G. H. Munro. 
(Nature ( London), vol. 171, pp. 693-694; 
April 18, 1953.) Since t he publication of previ-
ous papers (2504 of 1950) observations of 
greater accuracy and extending over a greater 
part of the day have provided definite evidence 
of diurnal variation in the direction of hori-
zontal movement. This is most marked in the 
moath of June. A graph is given which shows 
the me lian values of all lirect ions observed for 
each hourly interval for all days of June in 
1950, 1931 and 1952. A similar trend is noted 
in all three years, the direction of movement 

changing from about 50° (E of N) at 0930 to 
15° at 1430. Recent night observations suggest 
that there is consistently an E-W component 
of movement at night, in contrast with the 
consistent W-E component in the daytime. 

551.510.535:551.55 2312 
Moving Clouds of Ionisation in Region E 

of the Ionosphere—J. W. Findlay. (Jour. 
Atmos. Terr. Phys., vol. 3, pp. 73-78; Feb. 
1953.) During investigations of the phase path 
of 2.4-mc radio waves returned from the E 
layer (397 of 1952) some 110 echoes were ob-
served which came from equivalent heights 
rather less than that of the E layer. Analysis 
supports the interpretation that the echoes 
came from ionization clouds moving with con-
stant velocity in a horizontal direction. Histo-
grams show that the velocities ranged between 
20 and 150 m/s, that the most probable dura-
tion was 4-5 min and the most probable height 
95-110 km. Echoes can apparently be detected 
only from clouds lying within a cone of semi-
angle 6° from the observing point, the average 
horizontal dimension of the clouds being about 
700 m. 

551.510.535: 551.55 2313 
The Heights of Ionospheric Winds as 

measured at Long Radio Wavelengths—R. E. 
Jones, G. H. Millman and R. J. Nertney. 
(Jour. Atmos. Terr. Phys., vol. 3, pp. 79-91; 
Feb. 1953.) The winds region is considered as 
constituting a "screen" capable of altering the 
phase and amplitude of a radio wave passing 
through it. The field pattern at the ground is 
assumed to be such that information on the 
phase change and absorption experienced by a 
wave passing through the "screen" can be ob-
tained from it. It is also assumed that only the 
ordinary wave is observed, and that the region 
concerned is of the W.K.B. type. With these 
assumptions, theory is developed which, when 
applied to experimental data for 150-kc signals, 
gives the winds-region height as 74-77 km 
during the day and 83-100 km at night. 

551.510.535: 551.594.13 : 550.38 2314 
Conductivity of the Ionosphere and Geo-

magnetic Tides—I. Lucas. ( Naturwissen-
schaften, vol. 40, p. 239; April 1953.) The re-
sults of various investigations are summarized 
and discussed, with particular reference to 
effects observed near the geomagnetic equator. 

551.510.535: 621.396.812 2315 
The Investigation of Ionospheric Absorp-

tion by a New Automatic Method: Part 2— 
Measurements on Oblique-Incidence Broad-
cast Signals—J. B. Jenkins. (Elec. Eng., vol. 
25, pp. 189-190; May 1953.) Apparatus similar 
to that described in Part 1 (1680 of June) is 
used for recording the strength of a signal re-
ceived from a distant transmitter by reflection 
from the ionosphere. Comparison of the verti-
cal-incidence records with simultaneously 
obtained oblique-incidence records is expected 
to facilitate the investigation of winds in the 
ionosphere. 

551.578.1/.4: 621.396.9 2316 
Scattering and Attenuation by Non-spheri-

cal Atmospheric Particles—D. Atlas, M. Ker-
ker and \V. Ilitschfeld. (Jour. Atenos. Terr. 
Phys., vol. 3, pp. 108-119; Feb. 1953.) Gans' 
theory of EM scattering and absorption by 
ellipsoids is applied to atmospheric particles. 
If these have preferred orientations, the 
amount of back-scattered energy depends on 
particle shape and on orientation of the particle 
relative to the incident beam. The effect is 
negligible in the case of snow. If the particles 
have random orientations, the observed scatter-
ing is independent of antenna orientation, but 
greater for ellipsoidal shape and for water par-
ticles than for ice. These theoretical considera-
tions account well for known "melting-band" 
ienomen 

551.594.6:621.396.11 2317 
Multiple Bursts of Signal in Long-Distance 
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Very-High-Frequency Propagation—Isted. 
(See 2419.) 

LOCATION AND AIDS TO NAVIGATION 

621.396.9:551.578.1/.4 2318 
Scattering and Attenuation by Non-spheri-

cal Atmospheric Particles—Atlas, Kerker and 
IlitscWeld. (See 2314.) 

621.396.9:621.385.832 2319 
A Quality Factor for Radar Cathode-Ray-

Tube Presentation—A. F. Bischoff. (Proc. 
NEC (Chicago), vol. 8, pp. 387-394; 1952.) A 
formula universally applicable to radar sys-
tems is derived which can be used to calculate 
a quality factor for the cr-tube display of a 
radar system. The quality factor expresses the 
effective brightness of the display in foot-
lamberts. By converting to contrast ratio and 
referring to a family of empirical curves, per-
ception time can be determined as a function of 
contrast ratio and cr-tube presentation size. 
Measurements on several modern radar equip-
ments confirmed the value of this method of 
assessing their relative merits as regards dis-
play characteristics. 

621.396.93:551.510.535 2320 
A Problem of Radio Direction-Finding: 

Ionospheric Anisotropy—G. EIghozi. (Ann. 
Télécommun., vol. 8, pp. 78-92; March 1953.) 
The theories of Booker (714 of 1950) and 
Arpert ( 1032 of 1948) on the magneto-ionic 
effect are outlined and their formulas for the 
resulting lateral deviation of EM waves are 
compared. The methods of calculation involved 
are equivalent; if the results obtained are not 
the same, this may be due to differences be-
tween the values of the parameters occurring 
in the formula. These parameters include fre-
quency, distance, azimuth of the initial plane 
of the wave, inclination of tue geomagnetic 
field, value of the M CF. Their number pre-
cludes individual analysis. Several simple cases 
are, however, treated by Booker's method; 
the order of magnitude of the lateral deviations 
to be expected is determined and the conditions 
are found which the parameters must satisfy 
for the deviations to be appreciable. 

621.396.932/.933 2321 
Continuous-Indicating Loran—R. B. Wil-

liams, Jr. (Proc. NEC (Chicago), vol. 8, pp. 365-
375; 1952.) A description is given of a system 
in which the match of MF loran pulses in 
amplitude and in time difference, manually set 
up, is maintained over a very wide range of 
signal amplitudes. Each loran receiver of this 
modified type displays continuously a time-
difference reading corresponding to a loran line 
of position, so that two such units determine 
the two lines of position necessary for a con-
tinuous navigational fix. Field tests have 
proved the system to be especially advanta-
geous for use in aircraft. 

621.396.932/.9331.2 2322 
Phase and Gain Stabilization in Matched-

Channel Receivers—T. R. O'Meara and H. D. 
Webb. (Proc. NEC (Chicago), vol. 8, pp. 376-
386; 1952.) Factors leading to mismatch of 
gain and phase characteristics are discussed. 
Careful matching of components, use of low-
impedance selective circuits, use of fixed-tuned 
amplifiers wherever feasible, and use of auto-
matic phase-matching are recommended. (See 
also, Webb, 999 of 1952.) 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.5 2323 
Gettering Process of Barium: Sorption 

Properties of Oxygen to Barium—T. Arizumi 
and S. Kotani. (Jour. Phys. Soc. (Japan), vol. 
7, pp. 300-307; May/June, 1952.) 

535.215:546.431-31 2324 
External Photoelectric Emission of Barium 

Oxide—K. Noga and S. Kawamura. (Jour. 
Phys. Soc. (Japan), vol. 7, pp. 287-291; 

May/June 1952.) Measurements were made of 
the photoelectric emission from sprayed coat-
ings of BaO on Ni over a range of temperatures. 
The results are discussed in terms of energy 
levels. 

535.37 2325 
Interaction of Manganese Activator Ions in 

Zinc-Orthosilicate Phosphors—S. Larach and 
J. Turkevich. (Phys. Rev., vol. 89, pp. 1060-
1065; March 1, 1953.) 

537.226 2326 
Ferroelectricity in Oxides of Face-Centred 

Cubic Structure—W. R. Cook, Jr. and H. Jaffe, 
(Phys. Rev., vol. 89, pp. 1297-1298; March 15, 
1953.) A fluorite structure was previously 
(1374 of May) ascribed to Cd2Nb207 and 
Pb2Nb207. It is now confirmed that the struc-
ture of Cd2Nb207 is face-centered cubic, with 
dimensions double those of the fluorite struc-
ture. A strictly cubic pattern of unit cell has 
been found for a lead niobate deficient in lead. 

537.226 2327 
Variational Methods for Periodic Lattices 

and Artificial Dielectrics—C. Flammer. (Phys. 
Rev., vol. 89, p. 1298; March 15, 1953.) 

537.226: 621.3.029.64 2328 
Wave-guide Measurements in the Micro-

wave Region on Metal Powders Suspended in 
Paraffin Wax—J. M. Kelly, J. O. Stenoien and 
D. E. Isbell. (Jour. Appi. Phys., vol. 24, pp. 
258-262; March 1953.) Artificial dielectrics 
have been produced with refractive indices as 
high as 7.2 at a frequency of 9,364 kmc, by 
embedding tiny flakes of conducting material 
in paraffin wax. When good conductors such as 
Cu and Al are used, the permeability is com-
plex and the permittivity substantially real. 
The observed results are in agreement with the 
theoretical results of Lewin (2139 of 1947). To 
obtain low loss and high refractive index with 
powdered conductors, the particles must be 
very small and highly polarizable. 

537.311.32 2329 
The Electrical Conductivity of MgO Single 

Crystals at High Temperatures—A. Lempicki. 
(Proc. Phys. Soc., vol. 66, pp. 281-283; April 
I, 1953.) Measurements were made over the 
temperature range 300°-1300°K; the results 
are shown graphically. The energy gap between 
the full and conduction bands is found to be 
4.6 eV, assuming that the conduction is elec-
tronic and intrinsic. 

537.311.33 2330 
Preliminary Data on the Relations between 

Lattice Defects and Debye R.F. Absorption in 
Iron Oxides—R. Freymann. (Jour. Phys. 
Radium, vol. 14, pp. 130-131; Feb. 1953.) 
At temperatures in the range 100°-273°K and 

frequency 1 mc, Fe303-Fe2O3 mixtures are 
characterized by low absorption, FeO-Fe304 
mixtures by high absorption. 

537.311.33:537.312.8 2331 
Theory of the Magnetoresistive Effect in 

Semiconductors—V. A. Johnson and W. J. 
Whitesell. (Phys. Rev., vol. 89, pp. 941-947; 
March 1, 1953.) Calculation shows that when 
account is taken of the scattering of conduction 
electrons by impurity ions as well as by the 
lattice, the discrepancy between theoretical 
and experimental values of the magnetoresis-
tive effect is increased. The calculated mag-
netic-field effects are very much greater for an 
intrinsic semiconductor than for an impurity 
semiconductor. The fractional changes in re-
sistivity and Hall coefficient are calculated, for 
several different values of the electron/hole 
mobility ratio, as functions of a parameter in-
volving magnetic field strength and tempera-
ture. Experimental values of the magnetic-field 
effect in intrinsic semiconductors at high tem-
peratures are not available for comparison. 

537.311.33:546.289 2332 
Microwave Observation of the Collision 

Frequency of Electrons in Germanium—T. S. 
Benedict and W. Shockley. (Phys. Rev., vol. 
89, pp. 1152-1153; March 1, 1953.) Measure-
ments were made of the attenuation and phase 
shift resulting from the introduction of a sam-
ple of Ge into the rectangular waveguide of a 
1.24-cm microwave bridge. From the results 
obtained on two samples, of different resistivi-
ties, the effective mass and relaxation time 
caused by collisions of the conduction electrons 
are found to be about 0.6 antes the free-
electron mass and 6.6X 10-9T.1-6 seconds re-
spectively, T being the absolute temperature. 

537.311.33:546.289 2333 
Radiative Transitions in Germanium— 

J. B. Gunn. (Proc. Phys. Soc., vol. 66, pp. 330-
331; April 1, 1953.) Experiments are described 
which demonstrate the occurrence of radiation 
due to recombination of injected minority 
carriers. Two similar n-type Ge filaments were 
used, one as radiation source and the other as 
photoconductive detector. Holes were injected 
into the source filament in pulses and were 
drawn along the filament by means of an ap-
plied field. On reversing the direction of this 
drift current, the detector output signal dis-
appeared. 

537.311.33:546.289 2334 
The Temperature Dependence of Drift 

Mobility in Germanium—R. Lawrance. (Phys. 
Rev., vol. 89, p. 1295; March 15, 1953.) The 
method previously described by Lawrance and 
Gibson ( 1379 of May) was used to measure the 
drift mobility of holes in single-crystal n-type 
Ge in the temperature range 100°-360°K. The 
method involves the use of a direct emitter 
voltage and a pulsed sweeping field. With de-
creasing temperature the drift mobility in-
creases at first and then decreases rapidly when 
trapping occurs. The traps are apparently on 
the surface and may be completely filled and 
made ineffective by illuminating the specimen 
with light from a tungsten-filament lamp. The 
temperature variation of drift mobility is pro-
portional to T -2'3. 

537.311.33 : 546.289 : 536.49 2335 
Properties of Thermally Treated Germa-

nium—L. Esaki. (Phys. Rev., vol. 89, pp. 1026-
1034; March 1, 1953.) A detailed account is 
given of investigations of the changes of the 
rectification characteristic, the resistivity, and 
the Hall coefficient of n-type single-crystal Ge 
samples subjected to various heat treatments. 

537.311.33:621.396.822 2336 
Contact Noise in Semiconductors—R. E. 

Burgess. (Proc. Phys. Soc., vol. 66, pp. 334-
335; April 1, 1953.) The result obtained by 
Macfarlane (910 of 1951) for the noise due to 
surface diffusion of ions into and out of strip-
shaped patches is expressed in a simple closed 
form. For a circular patch the formula can 
also be expressed in closed form, on correction 
of an error in the original; but the noise-
spectrum function then found differs from the 
approximate inverse-frequency form previ-
ously found. 

537.32 2337 
Thermoelectric Power for Very Small Dif-

ferences of Temperature—J. Savornin and 
F. Savornin. (Comm. Rend. Acad. Sci. ( Paris), 
vol. 236, pp. 898-900; March 1, 1953.) Meas-
urements of the thermoelectric power dE/dT 
of a sample of p-type Si at temperatures near 
15°C, with progressively smaller values of dT. 
show that the values obtained are constant, 
even when dT is as low as 0.01°. This result 
differs from that of Sato for a semiconducting 
Bi-Sn alloy, for which dE/dT for a temperature 
difference of 0.5° was only 75% of the value 
for a difference of 3°. 

537.533.8 2338 
The Origin of Secondary-Emission Elec-

trons—A. Lempicki. (Proc. Phys. Soc., vol. 66, 
pp. 278-280; April 1, 1953.) Experiments were 
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made to determine the energy necessary to 
liberate secondary electrons, using a tube with 
a multiplier electrode coated with a mixture 
of BaO and MgO. The results indicate that the 
secondary electrons originate from the valence 
band and not from impurity centers. 

538.221 2339 
The Approach to Saturation in Dilute Ferro 

magnetics—A. D. Franklin and A. E. Berko-
witz. (Phys. Rev., vol. 89, p. 1171; March 15, 
1953.) For mixtures containing more than 
about 60% of 2-µ iron powder, Néel's theory 
was found valid. With decrease of iron content 
below 60% the deviation from theory indicates 
that some other factor controls the approach 
to saturation. 

538.221 2340 
An Interpretation of the Magnetic Proper-

ties of some Iron-Oxide Powders: Part 2— 
W. P. Osmond. (Proc. Phys. Soc., vol. 66, pp. 
265-272; April I, 1953.) The interpretation 
previously offered (2528 of 1952) is revised to 
take account of the probable cavities in the 
powder particles caused by loss of oxygen 
during the various transformations. Good 
quantitative agreement is found between theo-
retical and measured values of coercivity, the 
value depending only on shape anisotropy. 

538.221 2341 
Influence of the Magnetic Field on a Poly-

morphic Transformation in a Ferromagnetic 
Material—A. J. P. Meyer and P. Tagtang. 
(Jour. Phys. Radium, vol. 14, pp. 82-84; Feb. 
1953.) 

538.221 2342 
Quantum Theory of a Recently Suggested 

Cause of Ferromagnetism—G. Heber. (A nn. 
Phys. ( Lpz.), vol. 11, pp. 48-50; Oct. 10, 1952.) 
A discussion of the mechanism of interaction 
between the 4s and 3d electrons in ferromag-
netic materials. (See also, Zeller, 2441 of 1951.) 

538.221 2343 
The Influence of Grain Size on Coercive 

Force—A. Mager. (Ann. Phys. ( Lpz.), vol. 11, 
pp. 15-16; Oct. 10, 1952.) A brief discussion 
based on a highly simplified model of the do-
main structure. 

538.221:621.318.2 2344 
The Preferred Direction in a Magnetically 

Hardened Permanent-Magnet Alloy—M. Mc-
Caig. (Jour. Appt. Phys., vol. 24, p. 366; 
March, 1953.) Measurements are reported on 
columnar disks of alcomax III cut so that the 
columnar axis is along the diameter. In all 
cases the direction of easy magnetization lies 
between the hardening direction and the co-
lumnar axis. 

538.222: [546.732-31 + 546.712-31 2345 
The Antiferromagnetic Properties of Mixed 

Cobalt and Manganese Oxides—G. E. Bacon, 
R. Street and R. H. Tredgold. (Proc. Roy. 
Soc. A., vol. 217, pp. 2.52-261; April, 1953.) 

538.652 : 538.221 2346 
Magnetostriction in Alnico V—J. R. Ire-

land. (Electronics, vol. 26, pp. 234, 236; May, 
1953.) The best magnetostrictive properties are 
obtained in alnico-5 by heat treatment fol-
lowed by cooling at a controlled rate without 
application of a magnetic field. Subsequent 
drawing gives a slightly higher coercive force 
but reduces the magnetostrictive properties 
somewhat. 

538.652:669.15.24-192 2347 
Magnetic Crystal Anisotropy and Magneto-

striction of Iron-Nickel Alloys—R. M. Bo-
zorth and J. G. Walker. (Phys. Rev., vol. 89, 
pp. 624-628; Feb. 1, 1953.) Measurements on 
a number of Fe-Ni alloys show that the cool-
ing rate after annealing has a large effect on the 
anisotropy for alloys with compositions near 
FeNi3, where atomic ordering occurs. There is a 
smaller effect on the magnetostriction. The 

composition for highest initial and maximum 
permeabilities is nearly that for which the 
magnetostriction in the direction of easy mag-
netization is zero. 

539.23 2348 
Metallising of Glass, Ceramic and Plasticts 

Surfaces—R. J. Heritage and J. R. Balmer. 
()efetallurgia (Manchester), vol. 47, pp. 171-
174; April 1953.) Three techniques for de-
positing metal films are discussed, namely, re-
duction from aqueous solutions, reduction by 
heat and evaporation in a vacuum. Where 
necessary, the films can be subsequently thick-
ened by electroplating. Various applications are 
indicated. 

539.23:546.623-31 2349 
Ionic Current and Film Growth of Thin 

Oxide Layers on Aluminum—A. Charlesby. 
(Proc. Phys. Soc., vol 66, pp. 317-329; April 1, 
1953.) 

546.289 2350 
Elasticity and Thermal Expansion of Ger-

manium between - 195 and 275°C—M. E. 
Fine. (Jour. App!. Phys., vol. 24, pp. 338 -340; 
March 1953.) The resonance frequencies of 
longitudinal and torsional vibrations in single-
crystal Ge rods were measured. From these 
results and those of thermal-expansion meas-
urements the Young's modulus and shear 
modulus were determined. 

549.514.51 2351 
Internal Friction of Quartz—G. A. Alers. 

(Jour. Appt. Phys., vol. 24, pp. 324-331; 
March 1953.) The internal friction of quartz 
was investigated over the temperature range 
200°-440°C by measuring the logarithmic de-
crement of a bar vibrating at its fundamental 
resonance frequency of 21 kc and at its second 
harmonic. The logarithmic-decrement/tem-
perature curve obtained can be considered as a 
combination of two peaked curves, correspond-
ing to relaxation effects and an exponential 
curve. 

621.314.634 2352 
Electron Multiplication in Hard Flows of 

Selenium Rectifiers—M. Toinura and Y. Abi-
ko. (Jour. Phys. Soc. (Japan), vol. 7, pp. 220-
221; March/April 1952.) 

621.315.61 2353 
Properties of Insulating Materials—(E/ec. 

Times, vol. 123, pp. 582-585; Mardi 26, 1953.) 
Brief report, with list of papers, of the IEE 
Symposium. Recent work on solid and liquid 
insultants and researches on newly developed 
plastics were described. 

621.315.61 2354 
Silicone Resins in Insulation at Power Fre-

quencies—W. J. R,iiwick and J. R. Reed. 
(Engineer ( London), vol. 195, pp. 471-473; 
March 27, 1953.) Shortened version of paper 
presented at the IEE Symposium on Insulating 
Materials. Tests indicate that these materials 
are satisfactory at working temperatures at 
least 50°C higher than those permissible for 
conventional insulants. 

621.315.61 2355 
The Newer Laminated Plastic Insulating 

Materials—A. N. Hawthorn and S. W. Mes-
sent. (Engineer ( London), vol. 195, pp. 436-
437; March 20, 1953.) Shortened version of 
paper presented at the IEE Symposium on 
Insulating Materials. Measurements are re-
ported of the properties of various laminated 
plastics. Effects of prolonged exposure to high 
temperature and high humidity are investi-
gated. 

621.315.611.017.143 2356 
A New Method of Representing the Di-

electric Losses in a Solid Insulating Material - 
H. Bonifas. (Rev. Gén. Elec., vol. 62, pp. 129-
136; March 1953.) A satisfactory representa-
tion of the losses in the dielectric of a capacitor 

is obtained by means of a resistor in series with 
the capacitor, with a second resistor in parallel 
with the combination. The loss factor of the 
capacitor is defined in terms of the two re-
sistors; the corresponding vector diagrams are 
shown. The relative amounts of power dis-
sipated in the two resistors are discussed and 
the optimum utilization of dielectric losses for 
dielectric heating is considered, with particular 
reference to the heating of a vitrifiable mixture 
and the gluing of wood. 

621.318.4.042.15 2357 
Moisture Aging of Powder-Core Toroids 

—E. J. Oeffiermann, R. E. Skipper and W. J. 
Leiss. (Electronics, vol. 26, pp. 236, 242; 
May 1953.) Test results indicate that absorp-
tion of moisture into the powder core of certain 
toroids decreases the inductance, which re-
covers again on removal of the moisture by 
vacuum drying. Hermetic sealing is recom-
mended. 

666.1.037.5+621.3.032.52/.53 2358 
Hermetic Seals—R. O. McIntosh. (Elec. 

Mfg., vol. 49, pp. 120-123, 334; April 1952.) 
Various types of seal, including glass-to-metal 
seals, are illustrated and discussed with special 
reference to their advantages and limitations. 

669.245: 621.385 2359 
The Use of Nickel in Valves—K. Jackson 

and R. O. Jenkins. (Elec. Eng., vol. 25, pp. 
208-211; May 1953.) The general require-
ments for metals used in tube construction are 
discussed; Ni or a Ni alloy is found to satisfy 
these requirements in nearly all cases. The 
special requirements for use in cathodes, 
anodes, and grid and support wires are ex-
amined. Properties of Ni alloys used in tube 
components are listed. 

535.215 2360 
Photoconductivity in the Elements—T. S. 

Moss. ( Book review.) Publishers: Butter-
worths Scientific Publications, 249 pp., 50s; 
1952. (Elec. Eng., vol. 25, p. 222; May 1953.) 
Results of theoretical and experimental re-
search on photoconductivity are surveyed and 
the results of the author's own investigations 
on a particular group of elements are presented. 

621.315.6+537.311.33+538.221 2361 
Radio Research Special Report No. 25. 

Selected Problems in the Preparation, Prop-
erties and Application of Materials for Radio 
Purposes—[Book Notice.] Publishers: II. M. 
Stationery Office, London, 1952. (Govt. Pub!. 
(London), p. 25; March, 1953.) 

MATHEMATICS 

517.544.2+517.2+517.5111(083.6) 2362 
Tables of Green's Functions, Fourier 

Series, and Impulse Functions for Rectangular 
Co-ordinate Systems—J. J. Smith. (Trans. 
Amer. IRE, vol. 70, pp. 22-30; 1951.) Tables 
based on a previous paper ( 1025 of 1945) are 
given which, materially reduce the work of 
solving partial differential equations encoun-
tered in problems of engineering and physics. 

517.93 2363 
Stability Investigation of the Nonlinear 

Periodic Oscillations --C. Hayashi. (Jour. 
Appt. Phys., vol. 24, pp. 344-348; March 
1953.) 

519.242 2364 
Interpolation in a Series of Correlated 

Observations—E. J. Williams and N. II. 
Kloot. (Aust. Jour. App!. Sci., vol. 4, pp. 
1-17; March 1953.) Least-squares formulas 
are given for estimating the values of un-
measured members of a series from measure-
ments of the alternate members; the series 
considered corresponds to a stationary random 
process, possibly with a linear trend. The ap-
plicability of three simple formulas, appropriate 
under different limiting conditions, is dis-
cussed; results obtained by applying different 
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estimation formulas to experimental data are 
compared. 

681.142 2365 
Fundamental Characteristics of Digital and 

Analog Units—J. M. Salzer. (Proc. NEC 
(Chicago), vol. 8, pp. 621-628; 1952.) 

681.142 2366 
A Different Approach to Analog Computa-

tion—C. R. BonneII. (Proc. NEC (Chicago), 
vol. 8, pp. 629-635; 1952.) Theory and de-
scription of computers based on the balancing 
of torques applied to a shaft, the torques re-
presenting various parameters. (For a shorter 
account, see Radio & Telev. News, vol. 49, pp. 
14-15, 31; May 1953.) 

681.142 2367 
Interconversion of Analog and Digital Data 

in Systems for Measurement and Control—. 
B. Lippel. (Proc. NEC (Chicago), vol. 8, pp. 
636-646; 1952.) 

681.142 2368 
A Five-Channel Electronic Analog Correia-

tor—M. J. Levin and J. F. Reintjes. (Proc. 
NEC (Chicago), vol. 8, pp. G47-656; 1952.) 

681.142 2369 
A Diode-Bridge Limiter for Use with Elec-

tronic Analogue Computers—R. J. NIedkeff and 
R. J. Parent. (Trans. Amer. 1EE, vol. 70, pp. 
913-916; 1951.) Description of a simple 
limiter, developed from the basic diode-bridge 
circuit, which provides an absolute limit and 
can be adjusted by means of a single control. 

681.142 2370 
A New Digital Computor—(Elec. Eng., vol. 

25, p. 201; May 1953.) Brief description of the 
"401" computer, built on the sub-unit prin-
ciple. 

681.142 2371 
An Electronic Statistical Tabulator—R. M. 

Stewart, Jr. and A. R. Kassander, Jr. (Proc. 
NEC (Chicago), vol. 8, pp. G57-667; 1952.) 

681.142 2372 
High-Speed Number Generator uses Mag-

netic Memory Matrices—An Wang. (Elec-
tronics, vol. 26, pp. 200, 204; May 1953.) De-
scription of equipment for displaying numbers 
on the screen of a cr tube. 

681.142 2373 
The Input-Output System of the ED YAC— 

R. L. Snyder, Jr. (Trans. Amer. 1EE, vol. 70, 
pp. 507-509; 1951.) 

681.142:517.93 2374 
Analog Computer Elements for Solving 

Nonlinear Differential Equations—C. A. 
Ludeke and C. L. Morrison. (Jour. Appt. 
Phys., vol. 24, pp. 243-148; March 1953.) 

681.142:621.314.7 2375 
A Transistor Optical Position Encoder and 

Digit Register—H. G. Follingstad, J. N. Shive 
and R. E. Yaeger. (Proc. NEC (Chicago). vol. 
8, pp. 766-775; 1952.) (See 766 of March.) 

681.142:621.318.57 2376 
A Method of Gating for Parallel Com-

puters—A. G. Ratz and V. G. Smith. (Trans. 
Amer. 1EE, vol. 70, pp. 510-516; 1951.) 

681.142: 621.395.6 2377 
Circuitry "Packages" for Electronic Com-

putern—(See 2263.) 

MEASUREMENTS AND TEST GEAR 

621.3.018.41(083.74) 2378 
Developments in Frequency Synthesis— 

H. J. Finden. (Elec. Eng., vol. 25, pp. 178-
183; May 1953.) Extension of work noted in 
2261 of 1944 and 1961 of 1950. Accurate fre-
quencies in the range 1 kc-100 inc are obtaine I 
by combining in a mixer system the harmonizs 
of a decade system of frequencies derived by 
division and multiplication from an internal 

or external 100-kc frequency standard. The 
harmonics are selected in relation to the fre-
quency to be synthesized so that unwanted 
mixer products can be filtered out. 

621.3.018.41.029.426:621.3.087 2379 
An Automatically Calibrated Electronic 

Frequency Recorder—W. E. Phillips. (Proc. 
NEC (Chicago), vol. 8, pp. 781-786; 1952.) 
Description of equipment particularly suitable 
for industrial applications requiring main-
tenance of stable speeds over long periods. A 
pulsating voltage, either ac or dc, is developed 
by any convenient means and used to generate 
a succession of uniform positive voltage pulses 
whose average value, applied to a capacitor, is 
a measure of the original speed and is recorded 
on a Speedomax recorder whose calibration is 
checked automatically every 45 minutes. The 
frequency range covered is 10-130 cps. 

621.3.087.6: [621-526: 621.396.615 2380 
A Servo System for Heterodyne Oscillators 

—T. Slonczewski. (Trans. Amer. IEE, vol. 70, 
pp. 1070-1072; 1951.) (Full paper—see 720 of 
1952.) 

621.3.087.6:621.3.015.7 2381 
Test Set for Recording Impulses—L. J. 

Nijs. (Elec. Commun., vol. 30, pp. 9-11; March 
1953.) Description of portable equipment pro-
ducing a record on waxed paper tape of two 
independent impulse inputs and a timing 
trace. A timing precision to within 2 ms is ob-
tained, neglecting errors due to supply fre-
quency deviations. 

621.317.335:621.315.61 2382 
On the New Method of Measuring Dielec-

tric Constant and Loss Angles of Semicon-
ductors—B. Ichijo. (Jour. Appt. Phys., vol. 
24, pp. 307-311; March 1953.) A description is 
given of the "double-resonant-circuit" method, 
which is useful for investigating poor insula-
tors such as wood or textile containing much 
moisture. Measurement results are discussed. 

621.317.335.3+621.317.411).029.64 2383 
A Method of Measuring Dielectric Con-

stant and Complex Permeability at Ultra-high 
Frequencies—A. Surduts. (Comp!. Rena. Acad. 
Sci. ( Paris), vol. 236, pp. 900-902; March 2, 
1953.) Detailed theory, ‘vitli derivation'of the 
formulas necessary for numerical calculation, 
is presented for a method in which the material 
to be tested completely fills a short portion 
of a waveguide matched to an UHF source. 
For measurements of the dielectric constant, 
the method is similar to that of Roberts and 
von Hippel ( 178 of 1947), the waveguide being 
short-circuited behind the material. For the 
permeability measurement, a matched section 
with the same characteristic impedance as that 
of the waveguide in front of the material, is 
used behind the material, an absorbing cone 
eliminating the reflected wave. 

621.317.335.3:621.395.611.4 2384 
Determination of the Dielectric Constants 

of Optically Uniaxal Crystals from the Spec-
trum of Natural Oscillations of Circular-
Cylinder Cavity Resonators—E. Hafner. (Arch. 
elekl. Clhertragung, vol. 7, pp. 181-190; April 
1953.) An examination is made of the field pat-
tern inside a resonator containing a disk of the 
crystal and the equations for t he natural elec-
tric and magnetic modes ( 1623 of June) are dis-
cussed. Various methods are indicated for 
determining the two principal dielectric con-
stants of the crystal from the geometry of the 
system when the particular mode of oscilla-
tion is known. 

621.317.351:621.3.018.78 2385 
Diagnosis of Distortion. The "Difference 

Diagram" and its Interpretation—E. R. Wigan. 
(Wireless World, vol. 59, pp. 261-266; June 
1953.) The distorted output signal from equip-
ment under test is passed through a network 
which subtracts the fundamental wave and 

leaves only the distortion terms plus any hum 
or other circuit noise. This, after amplification, 
is applied to the y plates of a CRO. By suitable 
adjustment of the phase of the signal applied 
to the x plates, a curved line trace is obtained 
which is a representation of the circuit transfer 
characteristic with all its defects much mag-
nified. By comparing this "difference diagram" 
with certain standard shapes, examples of 
which are given, the various sources of dis-
tortion in particular circuits can be recognized 
and corrective measures applied. Typical 
oscillograms are reproduced. 

621.317.365 2386 
Measuring Wavelength in Millimeters— 

J. R. Martin and C. F. Schunemann. (Elec-
tronics, vol. 26, pp. 184-187; May 1953.) Wave-
length measurements were made on klystron 
and magnetron sources and on a Righi doublet 
of length I cm. Three methods were used: 
(a) diffraction-grating spectrometer; (b) Boltz-
mann interferometer; (c) Michelson inter-
ferometer. Details of the various components of 
the equipment used are described and measure-
ment results are tabulated, with estimates of 
probable errors. The Michelson interferometer 
results are the most consistent and this system 
appears to be the most convenient of the three 
systems used. It can easily be extended to much 
shorter wavelengths than those now reported, 
which were of the order of 1.25 or 3 cm. 

621.317.7:621.314.7:621.396.822 2387 
Noise Analyzer for Transistor Production— 

R. F. Merrithew. (Electronics, vol. 26, pp. 136-
137; May 1953.) Description, with full circuit 
details, of an instrument designed to measure 
transistor noise figures at a frequency of 1 kc 
and 1 cps bandwidth. Calibrated attenuators 
give the required noise figure directly. 

621.317.7.029.64 2388 
An Ultrahigh-Frequency Discriminator— 

G. Raoult and R. Fanguin. (rompt. Rend. 
Acad. Sri. (Paris), vol. 236, pp. 1143-1145; 
March 16, 1953.) Description of frequency-
stabilized equipment for measurements at 
3-cm wavelength, based on well-known FM 
techniques. An error voltage is derived by 
means of a suitably coupled cavity resonator, 
magic-T junction and wide-band directional 
coupler and, after amplification, is applied to 
the klystron reflector. 

621.317.715: 537.324 2389 
The Problem of Matching a Thermocouple 

to a Galvanometer—L. Geiling. (Ann. Télé-
commun., vol. 8, pp. 103-112; March 1953.) 
Factors limiting the sensitivity of the com-
bination of a thermocouple and galvanometer 
are discussed. A projected instrument is de-
scribed, termed a thermogalvanometer, which 
may have advantages over the thermocouple-
galvanometer combination. 

621.317.715.5 2390 
A Transformer-Coupled Resonance Gal-

vanometer—H. G. Mdller. (Elektrotech. Z., vol. 
74, pp. 150-151; March 1, 1953.) Description 
of a vibration galvanometer with bifilar-
suspended coil, suitable for use with an ac 
bridge. The suspension can be adjusted to give 
high sensitivity at an appropriate frequency. 

621.317.72.088.2 2391 
Influence of the Ground on the Calibration 

and Use of V.H.F. Field-Intensity Meters— 
F. M. Greene. Prot. 1 RE (Australia), vol. 14, 
pp. 58-64; March 1953.) (Reprint—see 2284 of 
1950.) 

621.317.73:621.396.611.21 2392 
Crystal Impedance Meters replace Test 

Sets—A. C. Prichard and M. Bernstein 
(Electronics, vol. 26, pp. 176-180; May 1953.) 
Two impedance meters for testing crystal units 
have been developed in the U. S. Signal Corps 
engileering laboratories: (a) Type TS-
537/TSM, covering the frequency range 75 kc 
-1.1 mc; (b) Type TS-330/TSM, covering the 
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range 1-15 mc. Each instrument can be used 
to test crystal units at resonance or at anti-
resonance over a range of load capacitance 
from 12 pF to 120 pF. A projected test set, 
Type TS-683/TSM, is primarily intended for 
resonance measurements in the range 10-75 
mc. A circuit diagram is given for the 1-15 mc 
instrument. The impedance meter is essentially 
a tuned-grid tuned-anode oscillator in which 
the crystal unit to be tested is connected in the 
main feedback path, so that it controls the 
oscillation frequency and amplitude. The 
crystal-unit parameters are determined by a 
substitution method, a resistor replacing the 
crystal unit and being adjusted so that the 
oscillation frequency and amplitude are the 
same when either the crystal unit or the re-
sistor is in circuit. The other parameters of the 
crystal unit are then determined from formulas 
which are given in an appendix. 

621.317.733.018.12 2393 
Phase Bridge for Measurement and Display 

of Phase Distortions in Television Apparatus 
(Phasograph)—H. Fegert. (Nachr Tech., vol. 
3, pp. 111-115; March 1953.) Design require-
ments for a universal, fully automatic phase 
bridge suitable for measurements on filters, 
amplifiers, cables, or quadripoles of any kind, 
are discussed. A description is given of equip-
ment of this type, with illustrations of its use 
for measuring the delay of a 2-stage band-pass 
filter. 

621.317.735:621.315.21 2394 
A New Cable-Fault Indicator—M. B. 

Williams and D. Brookes. (P.O. Elec. Eng. 
Jour., vol. 46, pp. 13-18; April 1953.) Descrip-
tion of equipment which gives an alarm signal 
when the insulation resistance falls below a 
prescribed value. 

621.317.742.029.64:621.315.212 2395 
U.H.F. Cable Measuring Equipment— 

W. W. H. Clarke, J. L. Goldberg and J. D. S. 
Hinchliffe. (A.T.E. J., vol. 9, pp. 100-108; 
April 1953.) Description, with photographs, of 
equipment using a slotted coaxial-line unit, 
with tapered matching units, for the im-
pedance measurements required for determina-

tion of coaxial-cable irregularities. 

621.317.784:621.316.313 2396 
A Thermocouple Audio-Frequency Watt-

meter—J. D. Ryder and M. S. McVay. (Proc. 
NEC (Chicago), vol. 8, pp. 725-729; 1952.) 
Theory and description of an instrument using 
thermocouples as the squaring and averaging 
elements. With careful design, operation is 
satisfactory in the range 50 cps-I5 kc. See also 
Radio ete Telev. News, vol. 49, pp. 6-7, 20; 
February 1953. 

621.396.645.35:621.317.32 2397 
Operation and Properties of a New Direct-

Voltage Amplifier using W. Kroebel's Crystal 
Contact Breaker—G. Haas. (Z. angew. Phys., 
vol. 5, pp. 107-116; March 1953.) An amplifier 
is discussed in which the direct-voltage input 
is converted to alternating voltage by means 
of the contact breaker previously described 
[Kroebel, 787 of March], damped trains of os-
cillations being set up in a CL input circuit. 
Design for high sensitivity with high input 
resistance is investigated theoretically and ex-
perimentally. The construction is described 
of an amplifier with input resistance> 1000 Mlt, 
with an operating threshold three times the 
value of the noise voltage corresponding to the 
100-MIt internal resistance of the source. 

621.397.6.001.4 2398 
Television Test Equipment—L. W. Mittel-

mann. (NachrTech., vol. 3, pp. 116-120; 
March 1953.) A translation from Radiotekh-
nika, Moscow, No. 6, pp. 48-60; 1951. Equip-
ment is described, with block diagrams and 
some schematic circuit diagrams, suitable for 
adjustment of the frequency characteristics of 
wide band amplifiers in the range 0.1-20 mc, 

for alignment of television receivers in the 
range 6-80 me, and for pulse testing of tele-
vision receivers, using pulse rise times down 
to 0.05 las. 

621.397.62.001.4 2399 
Measurements on Television Receivers: 

Part 1—General Survey—O. Macek. ( Arch. 
Tech. Messen, No. 205, pp. 31-42; Feb. 1953.) 
Receiver circuits and the 625-line and 525-line 
standards are reviewed as a preliminary to the 
discussion of appropriate receiver tests. 

621.317.7 2400 
Electrical Measuring Instruments: Part I— 

C. V. Drysdale and A. C. Jolly, revised by G. F. 
Tagg. ( Book Review.) Publishers: Chapman & 
Hall, 279 pp., 75s; 1952. (Elec. Eng., vol. 25, 
p. 221; May 1953.) (Revised edition of a 
standard work.) 

OTHER APPLICATIONS OF RADIO 
& ELECTRONICS 

531.768:546.431.824-31 2401 
A Ceramic Vibration Pick-Up--E. V. Carl-

son. (Proc. NEC ‘ Chicago), vol. 8, pp. 94-98; 
1952.) Radio ese Telev. News, vol. 49, pp. 8-9, 
27; May 1953. The advantages resulting from 
the use of polarized multicrystal BaTiO3 
ceramic instead of Rochelle salt in vibration 
pickups are discussed. The construction of a 
BaTiO3 unit is described and a practical 
reciprocity method of calibration, using three 
of the units, is illustrated by a numerical ex-
ample. 

534.1.08 2402 
Vibration Measurements—D. S. Gordon 

and R. Winslade. (Elec. Eng., vol. 25, pp. 216-
217; May 1953.) Comment on 790 of March 
and author's reply. 

534.321.9:623.896 2403 
An Acoustic Liquid-Depth Recorder—C. E. 

Goodell. (Proc. NEC (Chicago), vol. 8, pp. 
776-780; 1952.) (See 1447 of May.) 

534.321.9: 659 2404 
Some Metallurgical Applications of Ultra-

sonics—A. E. Crawford. (Metallurgia (Man-
chester, vol. 47, pp. 109-113; March 1953.) The 
design of suitable generators is discussed and 
various applications, particularly in the 
foundry, are indicated. 

548.0: 537.228.1).001.8 2405 
Piezoelectric Crystals as Sensing Elements 

of Pressure, Temperature, and Humidity— 
E. A. Roberts and P. Goldsmith. (Trans. 
Amer. IEE, vol. 70, pp. 968-972; 1951. (Full 
paper—see 1058 of 1952.) 

621.317.083.7 2406 
Pulse-Time Modulation Telemetering Sys-

tems for Rocket Application—J. T. Mengel. 
(Trans. Amer. IEE, vol. 70, pp. 599-605; 
1951.) Design and operational data are pre-
sented for a 23-channel telemetry system with 
a peak pulse power of 1 kW, and for an im-
proved 30-channel system with 4-kW peak 
pulse power. 

621.384.6 2407 
Elimination of the Effects of Faulty Align-

ment in the Strong-Focusing Cosznotron 
[proton synchrotron-J. Seiden. (Compl. Rend. 
Acad. Sci. ( Paris), vol. 236, pp. 1145-1146; 
March 16, 1953.) Choice of suitable operating 
point will eliminate the particle loss involved 
in the design proposed by Courant el a/. 
(1454 of May). 

621.334.612 2408 
A Focusing Method for Large Accelerators 

—T. Kitagaki. (Phys. Rev., vol. 89, pp. 1161-
1162; March 1, 1953.) Theory is given of a 
method similar to that described by Courant 
et a/. ( 1454 of May). A system of alternate 
guiding magnets and focusing magnets is used, 
the latter of the quadrupole type and located 
in the linear portion of the orbit. 

621.384.622.2 2409 
A 3-4-MeV Linear Electron Accelerator— 

J. Vastel. (Comp:. Rend. Acad. Sci. (Paris), 
vol. 236, pp. 1343-1345; March 30, 1953.) 
Measurements are reported on a more powerful 
waveguide accelerator developed from the 
model previously described (2294 of 1952.) 

621.384.622.2 2410 
Dielectric Loading for Waveguide Linear 

Accelerators—G. T. Fleshier and G. I. Cohn. 
(Trans. Amer. IEE, vol. 70, pp. 887-893; 
1951.) Relations are determined between the 
electric accelerating field and the input power, 
guide dimensions, frequency and physical 
properties of the materials, for waveguide ac-
celerating systems in which the loading takes 
the form of a coaxial dielectric cylinder, losses 
being taken into account. 

621.385.833 2411 
Electrostatic Lenses for Focusing High-

Energy Particles: Calculation of Trajectories— 
M. Y. Bernard. (Compt. Rend. Acad. Sci. 
(Paris), vol. 236, pp. 902-904; March 2, 1953.) 

621.385.833 2412 
Some Characteristics of a Low-Voltage 

Electron Immersion Objective—W. W. H. 
Clarke and L. Jacob. (Proc. Phys. Soc., vol. 
(m6, pp. 284-295; April 1, 1953.) Report on an 
experimental investigation of the beam charac-
teristics for electron guns operated at voltages 
in the range 20-70V. 

621.387.424 2413 
The End Effects in Geiger Mueller Coun-

ters—R. Ito. (Jour. Phys. Soc. (Japan), vol. 7, 
pp. 256-260; May/June 1952.) 

621.395.61:621.317.083.7 2414 
An Electromechanical Transducer—J. F. 

Engelberger and H. W. Kretsch. (Trans. 
Amer. IEE, vol. 70, pp. 213-216; 1951.) De-
scription, with illustrations of its application, 
of a device suitable for converting mechanical 
and certain electrical quantities into corre-
sponding electric currents, mainly for telemetry 
purposes. (See also, Roper and Engelberger, 
693 of 1948.) 

PROPAGATION OF WAVES 

538.566 2415 
A Transient Magnetic Dipole Source in a 

Dissipative Medium—J. R. Wait. (Jour. Ape 
Phys., vol. 24, pp. 341-343; March 1953.) 
Formulas are derived for the electric field due 
to a small current-carrying loop immersed in a 
dissipative medium and energized by a step-
function current. Approximate expressions for 
the magnetic- field components are also derived. 
The propagation of an EM pulse in sea water is 
discussed. 

621.396.11 2416 
Approximate Determination of the Range 

at the Earth's Surface between Radio Trans-
mitter and Receiver Installations—O. Laaff. 
(Fernmeldelech. Z., vol. 6, pp. 169-171; April 
1953.) A diagram is constructed which facili-
tates calculation of service range for the case 
where the received signal is a combination of 
the direct wave and that reflected from the 
earth with a reflection coefficient of - 1. A 
numerical example is worked out for a 5-kW 
television transmitter operating in the 200-me 

frequency band. 

621.396.11 2417 
A Note on Wave Propagation through an 

Inhomogeneous Medium—G. A. Hufford. 
(Jour. Appt. Phys., vol. 24, pp. 268-271; 
March 1953.) The problem of computing the 
EM field due to radiation from an antenna 
near the ground is considered. A modification 
of Kirchhoff's formula is suggested and an 
equation is derived from whicl,, if certain in-
tegrals can be evaluated, an estimate can be 
made of the error in the useal approximate 
methods. The theory is applied to the equiva-
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lent-earth's-radius model and to the flat-earth 
modified index model. 

621.396.11:551.510.52 2418 
Tropospheric Propagation: a Selective 

Guide to the Literature—(Paoc. I.R.E., vol. 41, 
pp. 588-594; June 1953.) A paper prepared by 
a subcommittee of the IRE to assist radio engi-
neers who have not specialized in tropospheric 
propagation but wish for information on 
specific problems relating thereto. 41 refer-
ences. 

621.396.11:551.510.535 2419 
Ionosphere Conditions and Radio Weather 

—B. Beckmann. (Efecktrotech. Z., vol. 74, pp. 
125-129; March 1, 1953.) The effect of iono-
sphere conditions on radio propagation is 
related to the width of the frequency band 
between the lowest useful HF and the MCF, 
and the mean received field strength for a given 
path. The product of these two factors is ex-
pressed as a single number and can be repre-
sented for day-time and night-time conditions 
on a clock-face diagram, an increase in this 
number indicating an improvement in condi-
tions. Examples are shown. 

621.396.11:551.510.535 2420 
The Reflection of Radio Waves from an 

Ionized Layer having both Vertical and Hori-
zontal Ionization Gradients—R. P. W. Lewis. 
(Proc. Phys. Soc., vol. 66, pp. 208-316; April 1, 
1953.) Approximate transmission-path cal-
culations are made, based on ray optics, neg-
lecting effects due to the geomagnetic field and 
to ionospheric absorption, and considering 
only the case in which the plane of incidence 
contains the direction of the horizontal gradi-
ent. Two particular types of electron-density 
distribution are considered. The accuracy and 
limitations of the analysis are examined. 
Graphs are presented showing the dependence 
on angle of incidence of (a) angle of emergence, 
(b) increase in horizontal range due to the 
horizontal gradient, and (c) ratio of penetra-
tion frequencies with and without a horizontal 
gradient. 

621.396.11:551.594.6 2421 
Multiple Bursts of Signal in Long-Distance 

Very-High-Frequency Propagation—G. A. Is-
ted. (Nature (London), vol. 171, pp. 617-618; 
April 4, 1953.) Observations on 53.25-mc sig-
nals made at a distance of 330 miles from the 
transmitter showed, in addition to a slowly 
varying continuous signal, pairs of bursts 
having a time separation of 0.7-6 sec and trains 
of three or four bursts having a constant time 
separation. These have been found to follow a 
lightning flash. This suggests that the media-
nism is a relatively local recurrent condition of 
the medium consequent upon a flash. Eckers-
ley's whistlers (Nature (London), vol. 122, 
p. 768; 1928) seem to be closely related phe-
nomena. 

621.396.11:621.396.67 2422 
Ground-Reflection Phase-Error Charac-

teristics of a Vertical Antenna—Greenberg and 
Meierdiercks. (See 2221.) 

621.396.11.029.55 2423 
Meteor Scatter: a Newly Discovered 

Means for Extended-Range Communication in 
the 15- and 20-Meter Bands-0. G. Villard, 
Jr. and A. M. Peterson. (QST, vol. 37, pp. 11-
15, 126; April 1953.) (See Villard el al., 2117 of 
July.) 

621.396.11.029.6: 551.510.535 2424 
A Review of V.H.F. Ionospheric Propaga-

tion—M. G. Morgan. (PROC. I.R.E., vol. 41, 
pp. 582-587; June 1953.) A review, prepared 
by a subcommittee of the IRE, of the charac-
teristics of ionospheric propagation which 
utilizes (a) regular F2 ionization, ( b) sporadic 
E ionization, (c) scattering from the regular 
ionization, (d) auroral ionization, (e) meteoric 
ionization. 67 references. 

621.396.11.029.63 2425 
An Experimental Study of Wave Propaga-

tion at 850 Mc/s—J. Epstein and D. W. Peter-
son. (Pitoc. vol. 41, pp. 595-611; June 
1953.) A study was made of the effects of re-
fraction, earth reflection, diffraction and at-
tenuation on the effective range of an 850-mc 
transmitter. The results obtained enable a 
satisfactory estimate to be made of the service 
area of a transmitter from the theoretical free-
space field strength, when diffraction effects 
and certain other factors based on experiment 
are taken into account. 

621.396.812.3 2426 
Statistical Analysis of Field-Strength Fluc-

tuations in the First Fading Zone of the Swiss 
Broadcasting Stations since the Implementa-
tion of the Copenhagen Plan—C. Glinz. ( Tech. 
Mill. schweiz. Telegr.-Teleph Verw., vol. 31, 
pp. 106-114; April 1, 1953. In French and 
German.) Continuation of the work noted in 
2716 of 1951, in which measurements were re-
ported for operation at the frequencies allo-
cated by the Lucerne Plan of 1934. For Bero-
münster and Sottens (frequencies changed from 
556 to 529 kc and from 677 to 764 kc respec-
tively) the new measurements show only small 
differences, while for Monte Cenen i (frequency 
changed from 1167 to 557 kc) the fading curve 
is completely changed and resembles that for 
Beromünster, thus confirming the preliminary 
report. Correlation with the sunspot cycle is not 
strong. The results cannot be clearly inter-
preted until night-time data for the ionosphere 
for medium frequencies are available. 

RECEPTION 

621.396.62.029.58:621.396.41:621.396.619.24 
2427 

Single-Sideband Multi-Channel Operation 
of Short-Wave Point-to-Point Radio Links: 
Part 3—An Independent-Sideband Short-
Wave Radio Receiver—W. R. H. Lowry and 
W. N. Genna. (P.O. Eke. Eng. Jour., vol. 46, 
pp. 19-24; April 1953.) The design, construc-
tion and performance are described of a re-
ceiver suitable for long-distance links operating 
in the range 4-30 mc, and designed for recep-
tion of the type of signal described in part 2 
[Owen and Ewen, 2175 of July]. Response is 
uniform to within 2 db from 100 cps to 6 kc. 
The receiver closely approaches the limits of 
performance theoretically obtainable in re-
spect of sensitivity, faithful reproduction, and 
freedom from avoidable interference. 

621.396.621 2428 
An Audio-Frequency Mixing System for 

Spaced Diversity Receivers—E. G. Hamer and 
D. W. Elson. (Jour. Brit. IRE, vol. 13, pp. 
123-128; Feb. 1953.) The general principles 
of diversity reception are reviewed and a 
suitable method of combining the outputs of 
spaced receivers is described. The average 
noise level remains sensibly constant over the 
receiver band-width. If a noise sample is taken 
from the AF output of a receiver, at a frequency 
outside the speech-frequency band, the in-
formation from this sample can be used at the 
central station to control the output level of the 
satellite receiver. The combined output of all 
the receivers fluctuates only to a small extent. 
Equipment based on this principle and de-
signed for a 3-channel mobile FM VHF service 
is described. 

621.396.621:621.396.619.11/.13 2429 
New Trends in A.M./F.M. Receiver De-

sign—H. H. van Abbe, B. G. Dammers, J. 
Haantjes and A. G. W. Uitjens. (Eke. Apia. 
Bull., vol. 12, pp. 209-229; Dec. 1951.) The 
special requirements of AM/FM receivers 
are discussed and a detailed description, with 
complete circuit diagram, is given of a receiver 
with five tubes (plus a rectifier) three of which 
are new types. Type EABC80 is a triple-diode 
triode, Type-ECH81 a triode heptode and 

Type-EF85 a variable-is high-slope pentode. 
Technical data for these tubes are tabulated. 

621.396.621.029.6 2430 
The Development of Circuit and Valves for 

U.S.W. Receivers—H. Rothe. (Elektrotech. Z., 
vol. 74, pp. 161-165; March 1, 1953.) A review 
of German practice in receiver design. Ad-
vantages of different detector, demodulator 
and mixer circuits are discussed, and details 
are given of tubes used, including a triple-
diode triode for use as combined AM/FM de-
tector and AF preamplifier. 

621.396.622:621.396.822 2431 
The Detection of a Sine Wave in Gaussian 

Noise—E. Reich and I'. Swerling. (Jour. Appl. 
Phys., vol. 24, pp. 289-296; March 1953.) An 
analysis is made to determine the "optimum" 
method of detecting a sine wave of known fre-
quency and amplitude. The "optiinun" method 
is defined as that which gives maximum prob-
ability of recognizing the presence of the sine 
wave, while the probability of falsely indicating 
the presence of a sine wave does not exceed a 
given value. When the noise has a uniform 
frequency distribution, all the relevant in-
formation is contained in the amplitude and 
phase of the Fourier transform of the received 
sample at the frequency of the sine wave. 
When the noise has an exponentially decaying 
autocorrelation function the values at the end 
points of the observed sample are also signifi-
cant. 

621.396.82 2432 
Interference Evaluation by means of Differ-

ent Noise Filters—E. Altrichter. ( Nachr Tech., 
vol. 3, pp. 80-82; Feb. 1953.) An examina-
tion is made of the difference between the 
results obtained by using the 1934 and 1949 
CCIR curves and the DIN-5045 curves for in-
terference evaluation. Numerical results are 
given for the case of white noise. 

621.396.823 2433 
Radio Influence Tests in Field and Labora-

tory-500-kV Test Project of the American 
Gas and Electric Company—G. D. Lippert, 
\V. E. Pakala, S. C. Bartlett and C. D. Falirn-
kopf. (Trans. Amer. IEE, vol. 70, pp. 251-265; 
1951. Discussion, pp. 265-269.) (Full paper— 
see 257 of 1952.) 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.39.001.11 2434 
New Problems and Methods in Communi-

cation Research. Report on the "Symposium 
on Applications of Communication Theory" 
held in London—W. Meyer-Eppler. (Arch. 
elekt. Übertragung, vol. 7, pp. 201-206; April 
1953.) General discussion of the research trends 
indicated. A list of the papers given is included. 
(See also Fernmeldelech. Z., vol. 6, pp. 189-190; 
April, 1953.) 

621.391:621.396.619.16 2435 
Recent Development in Communication 

Technique—C. W. Earp. (Elec. Commun., vol. 
30, pp. 61-70; March 1953.) (Reprint—see 
2889 of 1952.) 

621.396.4: 621.395.44 2436 
F.M. Telegraphy on Carrier-Current Tele-

phone Lines—B. Vural. (Tech. Mitt. schweiz. 
Telegr.-Teleph Verw., vol. 31, pp. 89-106; 
April I, 1953. In German.) An investigation 
was made of the possibility of establishing a 
multichannel frequency-shift telegraphy sys-
tem using the frequency band 8-12 kc. A single 
channel was tested in the laboratory. The 
bandwidth required is greater than that for the 
tone-frequency system, but the signal/noise 
ratio is better and the system is relatively in-
sensitive to variations of attenuation with 
frequency. Using for each channel two fre-
quencies separated by 300 cps, the available 
band accommodates six channels. 
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621.395.44:621.315.052.63 2437 
The Weser-Ems Power-Supply Carrier-

Frequency Communication Network—E. Koch. 
(A.E.G. Mill., vol. 42, pp. 161-167; July/Aug. 
1952.) The system described covers an area 
of 9600 km2 and has 34 carrier-frequency 
terminals. Frequencies in the band 45-185 kc 
are used. Design of coupling capacitors and 
wide-band IIF band-stop filters is discussed. 

621.395.44:621.397.242 2438 
Planning Fundamentals for Carrier-

Frequency Cable Links for Communications— 
F. Bath and W. v. Werther. (Fernmeldelech. 
Z., vol. 6, pp. 149-157; April 1953.) The various 
types of cable are described and the factors 
governing repeater spacing are indicated. The 
particular conditions for the transmission of 
radio and television programs in Germany are 
discussed; for the latter case, using the vestigial-
sideband system with a carrier frequency of 
1.056 mc, available power permits a repeater 
spacing of 9 km, the signal/noise level being 
satisfactory over a distance of 1000 km. 

621.396.61/.62 2439 
Citizen-Radio Class-A Equipment—R. L. 

Borchardt. (Electronics, vol. 26, pp. 166-169; 
May 1933.) A description is given of a FM 
transmitter and companion receiver for the 
460-470-mc band allocated to the citizens' 
radio service. In the transmitter, the third har-
monic of a crystal, about 19 mc, is multiplied 
by 24 to obtain the required frequency. A 
Type-2C39A tube,designed for use in grounded-
grid cavity-type circuits and rated at 100-W 
maximum anode dissipation, is used as power 
amplifier with the low dissipation of 10 W to 
ensure long life. Special features of the receiver 
to achieve frequency stability are described. 
With high-gain aerials, mounted as high as 
possible, reliable communication has been 
realized within a radius of 30 miles, while 
ranges up to 57 miles have been recorded. 

621.396.619(083.74) 2440 
Standards on Modulation Systems: Defini-

tions of Terms, 1953—(Paoc. I.R.E., vol. 41, 
pp. 612-615; May 1953.) Standard 53 I.R.E. 
211 S 1. 

621.396.619.11/.13 2441 
Modulation Problems—U. Kirschner. (Funk 

u. Ton, vol. 7, pp. 90-95; Feb. 1953.) Mathe-
matical analysis by Fourier series and by 
Carson & Fry's method (464 of 1938) of oscilla-
tions, modulated in amplitude, phase or fre-
quency. 

621.396.619.16 2442 
Note on Delta Modulation—(Elec. Com-

mun., vol. 30, pp. 71-74; March 1953.) A 
simple method of producing delta modulation 
is based on consideration of the fact that the 
process is equivalent to pulse-density modula-
tion combined with quantization in time; a 
practical circuit is illustrated. An accurate 
method is described for calculating the distor-
tion introduced by the quantization process; 
the formula obtained embodies the same law 
as that given by Libois (2330 of 1952). 

621.396.619.16 2443 
Pulse-Group Coding and Decoding by Pas-

sive Networks—R. F. Blake. (Proc. NEC 
(Chicago), vol. 8, pp. 760-765; 1952.) Pulse 
coding and decoding processes which involve 
timing, gating, summation and coincidence 
detection, can be accomplished by passive 
networks consisting of delay lines, resistors and 
crystal matrices. The individual networks to 
accomplish the various operations, and their 
combination for coding and decoding, are dis-
cussed. The resulting units require no power or 
active elements other than the source of the 
pulse or code group. Preliminary tests of ex-
perimental coders and decoders showed them 
to be particularly suitable for many types of 
coded-pulse system. 

621.396.65 2444 
Israel Intercity V.H.F. Telecommunication 

Systems—L. C. Simpson. (RCA Rev., vol. 14, 
pp. 100-124; March 1953.) Description of two 
12-channel radiotelephone systems linking 
Jerusalem via Tel-Aviv with Haifa and operat-
ing in the 250-me band. FM is used, with fre-
quency multiplexing. 

621.396.65:621.397.26 2445 
Microwave Relay Link for Television—(See 

2463.) 

621.396.71 2446 
Organization and Technical Arrangements 

of the Luchow Radio Station—H. 'leaser. 
(Fernmeldelech. Z., vol. 6, pp. 116-122; March 
1953.) Description of one of the stations used 
by the West German Post Office for overseas 
radio telegraph and telephone services. 

621.396.97 2447 
The Future of Broadcasting—P. Adorian. 

(Jour. Brit. IRE, vol. 13, pp. 81-87; Feb. 
1953.) It is suggested that the British broad-
casting service might eventually comprise at 
least two sound and two television programs. 
Medium- and long-wave transmitters would 
provide the overseas services, while listeners in 
Britain would be catered for in the VHF or 
UHF bands or by wire relay. The advantages 
of FM in the VIIF band are discussed. 

621.396.1 2448 
Radio Spectrum Conservation—Report of 

the U. S. Joint Technical Advisory Committee 
—(Book Review). Publishers: McGraw-! [ill, 
New York, 221 pp.; 1952. (Arch. elekt. Ober-
tragung, vol. 7, pp. 207-208; April 1953.) Fac-
tors affecting wavelength allocations are ex-
amined, and an "ideal plan" is worked out. 
Present-day allocations are critically discussed 
and practical methods of making the best use of 
the available frequency band are indicated. 

SUBSIDIARY APPARATUS 

621-526 2449 
A Phase-Plane Approach to the Compensa-

tion of Saturating Servomechanisms—A. M. 
Hopkin. (Trans. Amer. I EE, vol. 70, pp. 631-
639; 1951.) 

621-526 2450 
Network Synthesis by Graphical Methods 

for A.C. Servomechanisms—G. A. Bjornson. 
(Trans. Amer. I EE, vol. 70, pp. 619-625; 
1951.) (Full paper—see 501 of 1952.) 

621-526:621.3.016.352 2451 
Calculation of the Attenuation in Filtered 

Oscillators—G. Calmen and J. Loeb. (Ann. 
Télécommun., vol. 8, pp. 97-101; March 1953.) 
A hypothesis previously used is not required in 
defining the dynamic characteristics of a con-
trol system. A particular class of nonlinear 
servomechanisms is investigated and stability 
criteria are discussed. See also 972 of April, 
Callen & Loeb; 1279 of May and 1624 of 
June, Cahen. 

621-526:621.3.078 2452 
Some Design Criteria for Automatic Con-

trols—P. T. Nims. (Trans. Amer. IEE, vol. 70, 
pp. 606-611; 1951.) The design of control sys-
tems to give optimum response is discussed in 
terms of the area between the graphical repre-
sentation of a step disturbance and the control 
response curve. This area, and a "weighted 
control area," can be calculated directly front 
the system parameters and enable the neces-
sary control sensitivities to be determined for 
opt i in urn response. 

621-526:621.313.2-8 2453 
Rotary Amplifiers in Servomechanisms—G. 

Lehmann. (Elec. Commun., vol. 30, pp. 12 25; 
March 1953.) The rotary amplifier consists of a 
de generator driven at constant speed. The 
properties of this machine as an amplifier are 
discussed. Use of this amplifier as power stage 

for a tube amplifier in servontechanisnas is de-
scribed. 

621-526:621.392.5 2454 
Effects of Carrier Shifts on Derivative Net-

works for A.C. Servomechanisms—G. M. 
Attura. (Trans. Amer. I EE, vol. 70, pp. 612-
618; 1951.) 

621-526:621.396.645.37 2455 
A Note on the Design of Conditionally 

Stable Feedback Systems—P. Travers. (Trans. 
Amer. IEE, vol. 70, pp. 626-630; 1951.) 
Formulas are presented which relate param-
eters of the loop transfer function of a condi-
tionally stable system to the relative stability 
of the system transfer function. The condition 
is determined for which the system bandwidth 
is a minimum when the loop transfer function 
is required to have a specified value at a par-
ticular frequency. 

621.311.6 2456 
Power Supplies for Transmitters—K. 

Brehm. (.4 . E.G. Mitt., vol. 41, pp. 268-274; 
Sept./Oct. 1951.) Present-day equipment used 
for supplying power to small or large installa-
tions is described. 

621.314.263 2457 
Differential Analyzer Study of Harmonic 

Power Generation with Nonlinear Impedance 
Element—P. E. Russell and II. A. Peterson. 
(Trans. Amer. IEE, vol. 70, pp. 917-920; 
1951.) (Full paper—See 812 of 1952.) 

621.314.57 2458 
A Gas-Tube Inverter with the Supply 

Voltage below the Breakdown Voltage—J. M. 
Cage and J. C. Schuder. (Trans. Amer. I EE, 
vol. 70, pp. 908-912; 1951.) Investigation of 
the operating characteristics of simple circuits 
using gas-discharge tubes working with direct 
voltages down to about 5 V. 

621.314.634 2459 
Development of 40-Volt Selenium-Rectifier 

Plates—J. T. Cataldo. (Elec. 111.(g., vol. 49, 
pp. 108-112, 330; May 1952.) Forward and 
reverse characteristics are given for recently 
developed 40-V Se rectifiers in a bridge circuit. 
Results of a 3500-hr life test showed a voltage 
drop of about 2%. The use of such plates 
effects a great reduction in weight compared 
with post-war 26-V plates. 

621.316.722 2460 
Voltage Stabilization—F. A. Benson. (Elec. 

Eng., vol. 25, pp. 160-165 & 202-207; April 
/May 1953.) Review paper with 146 refer-
ences. Results of the latest work on glow-dis-
charge tubes are reported. 

621.319.331 2461 
A New Electrostatic Influence Machine— 

P. Jolivet. (Rev. Gén. Elect., vol. 62, pp. 25-39; 
Jan. 1953.) Description of the principles of 
operation, the construction and performance of 
a rotary machine operating at atmospheric 
pressure and giving voltages up to 100 kV. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397 2462 
High-Speed Facsimile Equipment—(Elec-

tronica, vol. 6, pp. 61,63; April 11,1953.) Brief 
description of Philips equipment with a scan-
ning speed of 40 mc, the width of the scanning 
line being I mm. Reproduction at the receiver 
is on photographic film. 

621.397.24/.26 2463 
International Television: Radio and Cable 

2000-Mile Network for the Coronation Trans-
missions—( Wireless World, vol. 59, pp. 274-
275; June, 1953.) Sketch maps are given which 
show (a) the complete system of British tele-
vision stations, (b) the radio-link system per-
mitting re-radiation of the B.B.C. transmis-
sions by stations in France, Holland and 
Western Germany. 
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621.397.242:621.395.44 2464 
Planning Fundamentals for Carrier-

Frequency Cable Links for Communications— 
Bath and v. Werther. (See 2436.) 

621.397.26:621.396.65 2465 
Microwave Relay Link for Television— 

(Elec. Commun., vol. 30, pp. 3-8; March 1953.) 
This radio link in its present form operates in 
one direction only, to transmit television pro-
grams from Louisville, Kentucky, on the 
U. S. national network, to Nashville, Tennes-
see. Five repeater stations are incorporated, 
alternate stages using frequencies from the 
2.008-2.025-kmc and 2.042-2.059-kmc chan-
nels respectively. The repeater antenna systems 
comprise vertically radiating paraboloids about 
9 ft above ground, associated with plane wire-
mesh reflectors at the top of a tower. 

621.397.335:535.623/.624 2466 
Synchronization in Color Television—D. G. 

Fink. (Electronics, vol. 26, pp. 170-175; May 
1953.) Phase synchronization is a necessary 
and sufficient condition for proper operation of 
a television system, since the existence of a 
stationary phase relation implies frequency 
synchronism. Four types of phase synchroniza-
tion which must be accomplished in a satisfac-
tory color-television system are discussed. A 
table of the phase-synchronism requirements 
shows that the most difficult synchronization 
problem in color television is not that of color 
phase, but that of maintaining vertical scan-
ning sufficiently precise to secure proper 
interlacing. 

621.397.5: 535.6231.001.42 2467 
Recommendations of the National Tele-

vision System Committee for a Color Tele-
vision Signal—A. V. Loughren. (Jour. Soc. 
Mot. Pic. Telev. Eng., vol. 60, pp. 321-336; 
April 1953.) The original NTSC specification 
[Hirsch et al., 1750 of 1952] is discussed, and 
the method of deriving the signal is described. 
Details are given of the signal specification as 
revised in February 1953, incorporating 
modifications made in the light of the pre-
liminary field tests. (See also Fisher, 1822 of 
June and 2466 below.) 

621.397.5:535.6231.001.42 2468 
Revised Specifications for Field Test of 

N.T.S.C. Compatible Color Television— 
W. R. G. Baker. (Pitoc. I.R.E., vol. 41, pp. 
666-667; June 1953.) Full text of the specifica-
tions approved by the NTSC in February 1953. 

621.397.5:535.623:621.397.822 2469 
Effects of Noise on N.T.S.C. Color Stand-

ards—C. H. Jones. (Proc. NEC (Chicago), 
vol. 8, pp. 185-200; 1952.) To analyze the 
effect of noise on a color-television system, 
the concept of a color solid is used. One dimen-
sion is determined by the amplitude of the 
black-and-white modulation envelope. The 
other two dimensions in polar form consist of 
the magnitude and phase angle of the 3.9-mc 
color-subcarrier signal. The Munsell color 
solid specifies in an ideal way the visual rela-
tion existing among colors. To compare the 
NTSC solid with the ideal, contours of Mun-
sell value (related to luminosity), hue and 
chroma (saturation) have been plotted. An 
examination of these contours shows what 
colors are most influenced by noise. The present 
NTSC system is found to be fairly good as 
regards the effect of noise on brightness and 
chromaticity. The signal/noise ratio for bright-
ness would be slightly improved by using a 
gamma a little lower than 2.75. The chromatic-
ity signal/noise ratio can be appreciably im-
proved by adjustment of the amplitudes and 
phases of the three color components and by 
applying the gamma to the Y coefficient of the 
chromaticity portion of the signal. 

621.397.5: 778.5 2470 
Television Recording—W. D. Kemp. (Jour. 

Soc. Mot. Pic. Telev. Eng., vol. 60, pp. 367-384; 
April 1953.) Shortened version of paper noted 
in 847 of March. 

621.397.6 2471 
Television Standards Converter—( Wire-

less World, vol. 59, p. 273; June 1953.) A gen-
eral description is given of the principles of 
operation of equipment used for converting the 
British 403-line coronation-broadcast signals 
to the continental 625-line standard at Breda, 
Holland. The operating principle is basically 
the same as that of the equipment used by 
the B.B.C. in 1952 for changing from French 
to British standards. The incoming picture is 
displayed on the 5-in, screen of a cr tube used 
as a flying-spot scanner. The scanning beam 
of the 625-line camera is arranged to "read" the 
picture at an approximately constant time in-
terval behind the "writing" spot of the cr tube. 
The two scanning systems are locked together 
by synchronization methods, and spot wob-
bling is used to fill in the gaps in the 405-line 
picture, thus avoiding interference patterns 
appearing in the 625-line picture. 

621.397.6.001.4 2472 
Television Test Equipment— Mittelmann. 

(See 2396.) 

621.397.62 2473 
Adaptation of French Television Receivers 

for American TV Standards—P. Rogues. (TSF 
et T V, vol. 29, pp. 84-87; March 1953.) Outline 
of alterations necessary for converting an 819-
line receiver to 525-line operation. 

621.397,62:535.88 2474 
Special Problems in Television Large-

Picture Installations—E. Schwartz. (Funk u. 
Ton, vol. 7, pp. 53-73; Feb. 1953.) (See 1168 of 
April.) 

621.397.62:535.88 2475 
The Fischer Large-Screen Projection Sys-

tem—E. Baumann. (Jour. Soc. Mot. Pic. Telev. 
Eng., vol. 60, pp. 344-356; April 1953.) (Re-
print—See 2350 of 1952.) 

621.397.62:535.88:535.623 2476 
Eidophor System of Theater Television— 

E. I. Sponable. (Jour. Soc. Mol. Pic. Telev. 
Eng., vol. 60, pp. 337-343; April 1953.) Brief 
description of equipment installed in a New 
York theater, comprising eidophor equipment 
modified to give color pictures. 

621.397.62:621.385.2:546.289 2477 
The Germanium Diode as Video Detector— 

W. B. Whalley, C. Masucci and N. P. Salz. 
(Paoe. I.R.E., vol. 41, pp. 638-644; June 1953.) 
The Ge diode is particularly suitable for use 
as a video detector on account of its high for-
ward conductance, low intrinsic capacitance 
and high back resistance, giving good wide-
band operation. Methods of measuring the 
various characteristics are described and 
analysis of the operation of the crystal diode 
as a video detector is presented, the forward 
and back conductances being assumed constant 
over the operation range, loads with large and 
with small time constants being considered. 

621.397.62:621.397.828 2478 
Reducing Radiation from TV Receivers— 

P. S. Rand. (Electronics, vol. 26, pp. 130-135; 
May 1953.) Quantitative measurements of the 
radiat ion from a screened oscillator, simulating 
the local oscillator of a television receiver, show 
that complete suppression of radiation can be 
achieved if suitable methods of screening and 
filtering are used, particularly for power leads. 

621.397.62.001.4 2479 
Measurements on Television Receivers: 

Part 1—General Survey—O. Macek. (Arch. 
Tech. Messen, No. 205, pp. 41-42; Feb. 1953.) 
Receiver circuits and the 625-line and 525-line 
standards are reviewed as a preliminary to the 
discussion of appropriate receiver tests. 

621.397.621.2:621.316.722.2 2480 
Practical Considerations on Line Time 

Base Output Stages with Booster Circuit— 
C. J. Boers and A. G. W. liitjens. (Elec. Appl. 
Bull., vol. 12, pp. 137-151; Aug. 1951.) Simple 
relations are derived by means of which the 
numbers and ratio of turns, the voltages and 
the currents of the line-timebase output trans-
former can be calculated approximately. 
Various methods of feeding the heater of the 
booster diode are indicated. Practical examples 
are calculated. 

621.397.621.2: 621.316.729 2481 
Flywheel Synchronization of Timebase 

Generators: Part 1—Flywheel Action of 
Resonant Circuits —P. A. Neeteson. (Elec. 
Ape Bull., vol. 12, pp. 154-171; Sept. 1951.) 
Detailed analysis of the response of a parallel 
resonant circuit to a series of periodic pulses of 
short duration. 

621.397.621.2: 621.316.729 2482 
Flywheel Synchronization of Timebase 

Generators: Part 2—Automatic Phase Con-
trol—P. A. Neeteson. (Elec. Appi. Bull., vol. 
12, pp. 179-199; Oct./Nov. 1951.) Discussion 
of circuits in which synchronization is obtained 
by deriving a control voltage from the phase 
shift between the synchronizing signal and the 
relaxation voltage, the control voltage being 
then applied to the control grid of the tube in 
which the relaxation voltage is generated. 
Several practical circuits for a.pli.c. are de-
scribed and their operation is discussed. (Part 
I: 2479 above.) 

TRANSMISSION 

621.396.61:621.396.619.11 2483 
Output Analysis and Alignment Techniques 

for Phase-Rotation Single-Sideband Trans-
mitters—O. Whitby and D. R. Schenck 
(Trans. Amer. IRE, vol. 70, pp. 209-212; 
1951.) Discussion with reference to the type of 
transmitter described by Villard (893 of 1949). 
The two balanced modulators are driven by 
RE voltages in quadrature. AF modulating 
voltages, also in quadrature, are applied in 
push-pull to the tube grids of each modulator. 
The anode-current pulses of all the four Eimac 
Type 4-250A tubes used develop power in a 
common anode tank circuit. When properly 
operated, only one sideband is present in the 
output. Details of the alignment procedure are 
given, and a specially developed alignment in-
dicator is described which consists essentially 
of a single-frequency test source of four quad-
rature AF modulating voltages and four gated 
phase-sensitive detectors, each one of which is 
assigned to the examination of one particular 
component in the detected output of the trans-
mitter. 

621.396.61.018.3 2484 
The Output-Stage Harmonic Power radi-

ated from the Transmitter Aerial—K. Freuden-
hammer. (Ferntneldetech. Z., vol. 6, pp. 158-
164; April 1953.) For a given harmonic the 
power radiated is maximum when the antenna 
circuit resonates at this frequency as well as at 
the fundamental. A simple formula is derived 
for this case, in which the power is expressed in 
terms of the damping of the individual circuits 
between output tube and antenna, the ratio of 
harmonic to fundamental tube current and the 
ratio of harmonic to fundamental radiation re-
sistance. Various types of coupling and an-
tenna are compared from the point of view of 
obtaining the lowest possible radiation of har-
monics. 

621.396.615.141.2:621.396.619.11 2485 
Measurements on an Amplitude-Modu-

lated Injection-Locked U.H.F. Magnetron 
Transmitter—L. L. Koros. (Proc. NEC 
(Chicago), vol. 8, pp. 395-406; 1952.) (See 1060 
of April.) 
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621.396.619.11/.13 2486 
The Spectral Differences between Ampli-

tude- and Frequency-Modulated Oscillations 
—A. Raschkowitsch. (Frequenz, vol. 7, pp. 37-
41; Feb. 1953.) Comparison is made between 
the frequency spectrum of the sidebands of 
FM oscillations with small frequency swing 
and that of AM oscillations with a square-law 
modulator characteristic. Discussion of the 
results of this comparison shows the necessity 
of using a large frequency swing, and that FM 
is particularly suitable for the USW band. 

621.396.619.23:621.385.2 2487 
Diode Modulators for Frequency Modula-

tion—A. Raschkovvitsch. (Frequenz, vol. 7, 
pp. 49-53; Feb. 1953.) The internal resistance 
of a diode decreases with increasing anode 
voltage, passes through a minimum value at 
about 7 V and then rises to a very high value at 
saturation. This property is utilized in a simple 
modulator in which the anode of a class-A 
control triode is connected direct to the cathode 
of the diode, with a capacitive connection to 
earth. Using only the straight portion of the 
triode characteristic, the diode internal re-
sistance varies linearly with the modulation 
voltage applied to the grid of the triode, thus 
causing variation of diode current and FM of an 
oscillator capacitively coupled to the diode 
anode. Theory of the method is based on 
equivalent circuits. In a practical example, a 
frequency swing of ± 15 kc was obtained on an 
oscillator frequency of 10 mc. 

TUBES AND THERMIONICS 

537.525.92:537.533.7 2488 
Space-Charge Waves in Electron Streams 

—J. Labus. (Elektrotech. Z., vol. 74, pp. 129-
130; March 1, 1953.) Two methods of calculat-
ing the phase constants of space-charge waves 
are discussed. 

621.314.7 2489 
Factors in the Design of Point-Contact 

Transistors—B. N. Slade. (RCA Rev., vol. 14, 
pp. 17-27; March 1953.) The characteristics 
of point-contact transistors depend essentially 
on four factors, namely (a) the materials used 
for the point contacts, (b) the spacing of the 
point contacts, (c) the resistivity of the Ge, and 
(d) the electrical forming process. The design 
of transistors for use in RF amplifiers, oscil-
lators and switching or counter circuits is dis-
cussed with reference to these factors. (See 
also Rose and Slade, 585 of February and 884 
of March.) 

621.314.7 2490 
Interpretation of a-Values in p-n Junction 

Transistors—F. S. Goucher and M. B. Prince. 
(Phys. Rev., vol. 89, pp. 651-653; Feb. 1, 1953.) 
Measurements of the current amplification 
factor were made for five n-p-n junction tran-
sistors and one p-n-p junction transistor. For 
all six samples, the results obtained by three 
different methods agreed within the limits of 
experimental error. 

621.314.7 2491 
Junction-Transistor Characteristics at Low 

and Medium Frequencies—L. J. Giacoletto. 
(Proc. NEC (Chicago), vol. 8, pp. 321-329; 
1952.) (Tele-Tech., vol. 12, pp. 70-72, 125; 
March 1953.) The characteristics of junction-
type transistors are reviewed and methods of 
measuring their parameters are described. The 
results of such measurements have pointed the 
way to constructional modifications per-
mitting operation at frequencies > 10 mc. (See 
also 644 of March.) 

621.314.7 2492 
Properties of Junction Transistors—K. D. 

Smith. (Proc. NEC (Chicago), vol. 8, pp. 330-
342; 1952.) Factors of importance in the design 
and application of n-p-n-junction transistors 
are discussed in detail and the relations of some 
of the design variables to the parameters of 

the equivalent circuit are considered. The re-
sults of measurements of various characteris-
tics for the development type M1752 are shown 
graphically and new models designed for power 
dissipation of the order of 3 W are noted; a 
power gain of 26 db is obtained. 

621.314.7 2493 
Some Transient Properties of Transistors— 

H. G. Bassett and J. R. Tillman. (Brit. Jour. 
Appt. Phys., vol. 4, pp. 116-117; April 1953.) 
Tests carried out on point-contact transistors 
of British manufacture show that the growth 
and decay of the collector current, in response 
to a rectangular pulse of emitter current, are 
roughly exponential after an initial delay of the 
order of 0.1 ps, during which there is no re-
sponse. If the collector current is saturated, or 
if the collector voltage, instead of being stead-
ily applied, is pulsed on, during or after appli-
cation of the pulse of emitter current, effects 
due to delayed carriers are strikingly exhibited. 

621.383.27 2494 
The Dark Current in Photomultipliers— 

N. Schaetti and W. Baumgartner. (Z. angew. 
Math. Phys., vol. 4, pp. 159-160; March 15, 
1953. In German.) Continuation of work noted 
in 1518 of May. Further measurements on 
Cs-Sb photocathodes provide evidence of pho-
toconduction and crystal-phosphor effects as 
well as photo-emission. 

621.385 2495 
Change of Electron Temperature in an 

Electron Beam—H. M. Mott-Smith. (Jour. 
Ape Phys., vol. 24, pp. 249-255; March 1953.) 
The change in velocity distribution within a 
beam on issuing from an accelerating grid into 
a field-free space is calculated by direct in-
tegration of the Boltzinann equation. For elec-
tron densities and velocities typical of travel-
ling-wave tubes and diodes, the effect of 
electron collisions is negligible, as is also the 
longitudinal component of the electron-gas 
pressure; the usual heat-conduction formulas of 
kinetic theory do not hold. 

621.385:669.245 2496 
The Use of Nickel in Valves—Jackson and 

Jenkins. (See 2357.) 

621.385-71 2497 
Basic Heat-Transfer Data in Electron 

Tube Operation—B. O. Buckland. (Trans. 
Amer. ¡EE, vol. 70, pp. 1079-1085; 1951.) 
(Full paper—see 1774 of 1952.) 

621.385.029.6 2498 
Low-Noise Traveling-Wave Tube—A. G. 

Peifer, P. Parzen and J. II. Bryant. (Elec. 
Commun., vol. 30, p. 60; March 1953.) Cor-
rection to paper noted in 273 of January. 

621.385.029.6 2499 
Theory of the Large-Signal Behavior of 

Traveling-Wave Amplifiers—A. Nordsieck. 
(PROC. I.R.E., vol. 41, pp. 630-637; June 
1953.) Calculations are made of the amplifica-
tion, output phase distortion and harmonic con-
tent for a traveling-wave tube operated beyond 
its linear range. Space-charge effects are neg-
lected. The limiting efficiency and phase dis-
tortion are given for various values of the 
beam-to-circuit coupling factor and of the 
electron injection velocity. The relative har-
monic content in the output is given for all 
harmonics up to the fifth. Nearly all the results 
are presented graphically. 

621.385.029.63/.64 2500 
Waves in an Electron Stream with Gen-

eral Admittance Walls—C. K. Birdsall and 
J. R. Whinnery. (Jour. Ape Phys., vol. 24, 
pp. 314-323; March 1953.) The influence of 
wall admittance on the operation of electron-
stream tubes is investigated, using the method 
of field analysis. Values of gain and phase 
velocity are calculated for walls of arbitrary 
admittance. Design is facilitated by use of 

charts showing contours of the complex func-
tions involved. Gain is zero for open or short 
circuit and for capacitive wall impedance, low 
for resistive-capacitive, higher for resistive and 
resistive-inductive, and highest for inductive 
walls. Results for the case of the resistive-
capacitive wall were verified by experiments 
using a very thin glass tube coated on the inside 
with a layer of tin oxide. No immediate prac-
tical application is envisaged for the particular 
structures discussed. 

621.385.029.63 2501 
Measurements on a 10-W Helix-Type 

Traveling-Wave Valve for 15-cm Wavelength 
—H. Schnitger and D. Weber. (Fernmeldetech. 
Z., vol. 6, pp. 66-72; Feb. 1953.) The design 
and performance of a traveling-wave tube de-
signed to give a power gain of 17 db at 2 kmc 
are described. Details are given of the helix 
construction, the capacitive coupling arrange-
ment which simplifies tube changing, and the 
beam focusing system. The observed efficiency 
of about 20% is in fair agreement with theo-
retical calculations. Measurements have been 
made to determine the optimum distance be-
tween helix input and a graphite coating on 
the outside of the glass envelope for suppression 
of self oscillations. 

621.385.029.63:621.396.619.23 2502 
The Electron Coupler—A Developmental 

Tube for Amplitude Modulation and Power 
Control at Ultra-High Frequencies—C. L. 
Cuccia. (RCA Rev., vol. 14, pp. 72-99; March 
1953.) For another account see 2188 of July. 

621.385.032.212 2503 
Cold-Cathode Valves—H. L. von Gugel-

berg. (Bull. schweiz. elektrolech. Ver., vol. 44 
pp. 81-87; Feb. 7, 1953. In German.) Recent 
developments in voltage-stabilizer, relay, 
photo-flash and decade-counter tubes are re-
viewed. 

621.385.032.216 2504 
New Dispenser-Type Thermionic Cathode 

—R. Levi. (Jour. Appt. Phys., vol. 24, p. 
233; Feb. 1953.) Brief preliminary note about 
the "impregnated" cathode, a development of 
the "L» cathode previously described by Lem-
mens et al. (773 of 1951). Instead of using Ba 
and Sr carbonates contained in a cavity, the 
new cathode uses Ba aluminates dispersed 
within the pores of the W plug. 

621.385.032.216 2505 
The Effects of Oxygen on the Electrical 

Properties of Oxide Cathodes—A. A. Shep-
herd. (Brit. Jour. Appt. Phys., vol. 4, pp. 70-
75; March 1953.) Experiments on (Ba, Sr)0 
cathodes were made using mass-spectrometer 
and probe methods to examine the effects of 
oxygen poisoning on emission and conductiv-
ity. Results show that increased oxygen ion 
emission occurs during recovery and that most 
of this originates within the body of the coating. 
This supports the work of Metson (3588 of 
1949). The conclusion is drawn that poisoning 
is mainly due to an increase in work function, 
this being caused by adsorption of oxygen on 
the interior crystal surfaces as well as on the 
outer coating. Results at all temperatures for 
emission and at high temperatures for con-
ductivity support this. Conductivity results in 
general can be accounted for by the Loosjes-
Vink conduction mechanism (491 of 1950) al-
though this does not explain the discrepancy 
between cathode work function and high-
temperature activation energy. 

621.385.032.216:537.311.33 2506 
The Interpretation of Nijboer Theory for 

BaO from the Viewpoint of Co-existence of 
Various Impurity Levels—S. Narita. (Jour. 
Phys. Soc. (Japan), vol. 7, pp. 221-222; 
March/April 1952.) 

621.385.032.216: 621.397.62 2507 
Cathode Interface Effects in TV Receiver 
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Design—F. M. Dukat and I. E. Levy. (Elec-
tronics, vol. 26, pp. 169-171; April 1953.) Un-
desirable effects, notably reduction of gain and 
deterioration of low-frequency response, due 
to the development of cathode-interface im-
pedance are discussed. This resistance increases 
with decrease of cathode temperature and with 
decrease of cathode area. Relevant character-
istics of some commercial tube types are tabu-
lated and compared. The discussion applies also 
to car radio receivers, where trouble may 
occur when valves are operated at low heater 
voltages. 

621.385.032.216.1:546.841.4-31 2508 
Thermionic Properties of Thoria—G. Mes-

nard. (Le Vide, vol. 7, pp. 1256-1261; Nov. 
1952.) From results of measurements on the 
emission of thoria-coated tungsten filaments, 
the optimum working temperature is found to 
be between 19000 and 2000°K. The values of 
the constants A and in Richardson's equation 
corresponding to different activation treat-
ments are determined. (See also 2730 of 1951.) 

621.385.032.216.1:546.841.4-31 2509 
Changes with Time in Thoria-Coated 

Thermionic Cathodes—G. Mesnard. (Le Vide, 
vol. 8, pp. 1273-1279; Jan. 1953.) An investiga-
tion of emission variations which occur at 
fixed operating temperatures following activa-
tion treatment. Purely thermal effects and 
effects of current are distinguished. Tempera-
ture variations due to current in a tungsten 
filament with its central portion coated with 
thoria are tabulated. (See also 2506 above.) 

621.385.032.216.1:546.841.4-31 2510 
Thoria Cathodes—G. Mesnard. (Conte 

Rend. Acad. Sci. ( Paris), vol. 236, pp. 904-
906; March 2, 1953.) Further experiments on 
thoria cathodes are described which show the 
existence of a considerable temperature gradi-
ent in the thoria coating. This gradient be-
comes much less after treatment at 1900-
2000°K, owing to crystallization of the thoria. 
New measurements of the conductivity were 
made by using a very fine electrode in contact 
with the thoria surface, the second electrode 
being the W-wirc support. The results are dis-
cussed in relation to previous investigations 
(504, 774 and 2730 of 1951). Thoria appears 
to be a semiconductor of n type. 

621.385.2:537.525.92 2511 
Space-Charge-Limited Currents between 

Inclined Plane Electrodes. Approximate 
Solutions—II. F. Ivey. (Jour. App!. Phys., 
vol. 24, p. 227; Feb. 1953.) Simplified formulas 
are derived for the "perveance function" and 
"trajectory magnification factor" introduced in 
a previous paper (2384 of 1952). 

621.385.2:546.289:621.397.62 2512 
The Germanium Diode as Video Detector— 

Whalley, Masucci and Salz. (See 2475.) 

621.385.2:621.3.016.35 2513 
Measurements of Saturated-Diode Sta-

bility—V. H. Attree. (Brit. Jour. Appl. Phys., 
vol. 4, pp. 114-116; April 1953.) Results are 
given of tests on Mazda Type-29C1 diodes run 
for 1000 hr at emission currents of 5 mA and 
0.5 mA. The filament current, for a given 
emission, shows smaller variations than the 
voltage, and results at 0.5 mA are much better 
than at 5 mA emission. At 0.5 mA the filament 
current is constant to within 1 part in 500 over 
the 1000-hr period. Tests on a single Ferranti 
Type-GRD6 diode also show that for constant 
emission the filament current variations are 
very much less than those of the filament 
voltage. 

621.385.2:1621.317.3+621.316.72 2514 
Saturated-Diode Operation—H. L. Arm-

strong and V. H. Attree—(E/ec. Eng., vol. 25, 
p. 216; May, 1953.) Comment on 1197 of April 
and author's reply. 

621.385.2.032.213.1 2515 
Approximate Formulas for the Saturation 

Current of Diodes with Tungsten Cathodes— 
Dzhakov. (Zh. Tekh., Fiz., vol. 22, pp. 602-
605; April 1952.) 

621.385.3 2516 
Design Rules for Planar Triodes—W. Dahl-

ke. (Telefunken Zlg., vol. 26, pp. 54-60; Jan. 
1953.) Charts are provided to facilitate the 
determination of the various dimensions of a 
planar triode for a specified slope of the charac-
teristic and a specified operating current. Nu-
merical calculations for the Telefunken pen-
tode Type EF80, are in good agreenient with 
measured values. 

621.385.832:621.318.57 2517 
A Decimal Counter Electron Tube—D. L. 

Hollway. (Jour. Phys. (Australia), vol. 6, pp. 
96-115; March 1953.) A detailed description is 
given of the construction and operation of the 
counter tube noted in 2374 of 1950. A 4-tube 
counter is described capable of counting speeds 
from 70,000 to 180,000 second, depending on 
circuit conditions. 

621.387: 621.316.722: 621.396.822 2518 
Peak-Noise Characteristics of some Glow-

Discharge Tubes—H. Bache and F. A. Benson. 
(Jour. Sci. Instr., vol. 30, pp. 124-126; April 
1953.) Results of further measurements on 
voltage-regulator tubes, including miniature 
and also relatively-large-current tubes, are 
shown graphically. (See also 2930 and 2931 of 
1952.) 

621.387.004.15 • 2519 
Improving Gas-Tube Grid-Circuit Reli-

ability—J. H. Burnett. (Proc. NEC (Chicago), 
vol. 8, pp. 568-576; 10.52. Tele-Tech, vol. 2, 
pp. 70-72, 175; April 1953. Elec. Eng., N.Y., 
vol. 72, pp. 341-346; April 1953.) Several 
sources of noise in the grid circuits of thyra-
trons are discussed and practical methods of 
noise reduction to obtain improved perform-
ance are outlined. 

621.396.615.141.2 2520 
The Turbator, a Single-Cavity Magnetron 

—F. Lüdi. (Tijdschr. ned. Radiogenoot., vol. 18, 
pp. 89-103; March 1953. In German.) (See 
2945 of 1950.) 

621.396.615.141.2 2521 
Grid Magnetron delivers Modulated 

U.H.F. Output—P. L. Spencer. (Electronics, 
vol. 26, pp. 148-154; May 1953.) A highly 
stable magnetron is described which, has a set 
of grid wires located in the gaps between the 
tips of the anode vanes. Details are given of a 
tube of this type which, has a tuning range of 
± 50 mc centred near 2.35 kmc awl a CW 
power output of 50 W. Frequency stability, 
achieved through grid injection of signals from 
a crystal-controlled oscillator, should prove 
particularly advantageous in UHF television 
broadcasting, Doppler radar, and in subcarrier 
multiple-relay services. The grid provides an 
excellent means of injecting video modulation 
signals. Circuit diagrams, with component de-
tails, are given for a suitable video amplifier 
and modulator, and also for a generator, video 
amplifier and modulator for a subcarrier sys-
tem, a cathode follower being used for grid 
drive of the magnetron. 

MISCELLANEOUS 

025.45 2522 
Meaning and Purpose of the Decimal 

Classification—O. C. Ifilgenberg. (Elektro-
tech. Z., vol. 74, pp. 205-207; April 1, 1953.) 
The general principles on which the UDC 
system is based are clearly explained and are 
illustrated by numerous examples 

061.3:155+621.396.11 2523 
International Scientific Radio Union: Meet-

ing in Sydney—R. L. Smith-Rose. (Nature 
(London), vol. 171, pp. 628-631; April 1953.) 
A general account of the tenth general as-
sembly of URSI, held (luring August 11-21, 
1952, with summaries of the proceedings of the 
various Coin missions. 

061.3:155+621.396.11 2524 
Tenth General Assembly of URSI—(Onde 

Elect., vol. 33, pp. 127-190; March 1953.) An 
account is given of the organization and de-
velopment of the Union, and reports are pre-
sented of the discussions of the individual com-
missions, dealing respectively with the follow-
ing subjects: measurements, the troposphere 
and wave propagation, the ionosphere and 
wave propagation, atmospherics, radio astron-
omy, information theory, electronics. 

061.4:1621.317.7+621.38 2525 
Physical Society's Exhibition 119531— 

(Wireless Engr., vol. 30, pp. 124-129; May 
1953.) Brief descriptions are given of a selection 
of the exhibits. (See also Elec. Eng., vol. 25, 
pp. 212-215; May 1953). 

061.4:1621.396.6+621.317.7+621.38 2526 
Components and Techniques. Survey of the 

RECMF and Physical Society's Exhibitions— 
(Wireless World, vol. 59, pp. 246-255; June 
1953.) Short descriptions of selected exhibits, 
with lists of exhibitors in the sections dealing 
with components. 

621.38/.39:47: 2527 
A Look at Russian Radio and Electronics— 

G. B. Devey. (Proc. NEC (Chicago), vol. 8, 
pp. 358-364; 1952.) Sonic information is given 
on Russian technical literature, and also on the 
development of an ultrasonic microscope, re-
search on semiconductors, and the use of ultra-
sonics to accelerate the action of H2S02 in the 
surface cleaning of steel, with references to the 
Russian journals in which these developments 
are described. 

621.396.001.891:41-41: 2528 
Radio Research in the Britisli Common-

wealth—( Nature (London), vol. 171, pp. 683-
684; April 18, 1953.) A short review of investi-
gations in many Commonwealth countries of 
ionospheric conditions and propagation at 
various frequencies, RF noise measurements in 
the ranges 15-500 kc and 2-20 mc, study of 
meteors by radio methods, radio astronomy, 
standard-frequency transmissions, effects of 
terrain on radio propagation, forecasting of 
ionospheric storms and of radio propagation 
conditions, and comparison of forecasts with 
observations. 

621.396.6 2529 
New Components—(Rad. Tech. Dig. 

(France), vol. 7, pp. 29-37; 1953.) A brief sur-
vey of new radio and allied equipment on the 
French market. 

621.396 2530 
The Radio Amateur's Handbook—[Book 

Review.] Publishers: American Radio Relay 
League, West Hartford, Conn., 30th edn, 80-0 
pp., 1953. (Electronics, vol. 26, pp. 403-404; 
May 1953.) 



The versatility of these three series 
of single turn, continuous rotation 

Helipots makes them ideal for such 
uses as servo systems ... analog 
computers .. . pH indication 

and control...level indication and 
control... telemetering circuits 
. .. color analysis and control 

• navigation aids . . . radar 
indicators. .. laboratory 

instruments, and many more. Your 
particular requirements will 

determine the model... the number 
of ganged sections. .. the 

number and placement of tap 
connections.. . the style of 

mounting . . . and other 
characteristics best suited to 

your needs. 

Eve ry Helipot series is available 
in variations to meet your exact 
specifications. Our engineering de-
partment will gladly give you every 
assistance ... in adapting stand-
ard Helipots to your particular re-
quirements ... In building entirely 
new Helipots to meet your needs. 

Design details subject to change 
without notice. Certified drawings 
available upon request. 

ri 

ItFirst in precision potentiometers 

Here are three models of single turn, con-
tinuous rotation Helipots . . . each available 
from stock in a wide range of resistance 
values. All three feature the rugged depend-
ability . . . the high degree of precision . . . 
the proven design characteristics ... that you 
expect of every Helipot. Among their many 
features are the copper mandrel which ef-
fectively dissipates heat . . . the spot-welded 
connections ( no pressure-type connections are 
used in any Helipot model) ... the provision 
for easy, accurate phasing on the job ... the 
wide choice of mounting styles, number of 
ganged sections, number of additional tap 
connections, etc. And like all Helipot models, 
they are available in variations to meet your 
exact specifications. 

Below is a Quick-Reference-Guide to the J, L, and Y Series Helipots. 
For complete information, write for Data File 906 

Diam. 
Resist. 
Range 
Power 
Rating 
Active 
Elec. 
Rotation 
Coil 
Length 

Mounting 

Max. No. 
Ganged 
Sections (c) 
Max. No. 
Tap 
Connections 
per Section (c) 

Model Y Series 

(a) 
13/4 " 

5-75,000 ohms (b) 

3 watts 

354° +1° 

4.6" 

Y—Threaded Bushing. 
YS—Servo Flange, Sleeve Bearing. 
YSP—Servo Range, Ball Bearing. 

14 

17 

Model J Series 

2" 

50-50,000 ohms ( b) 

4 watts 

356 ° — 1' 

5" 

Threaded Bushing (Spec.). 
Servo Flange, Ball Bearing (Std.). 

8 

21 

(a) Model Y Se ies Helipots are available in both linear and non-linear versions. 

(b) Higher or lower resistance values can be furnished on special order. 
(c) Sections can be ganged and tap connections added, during manufacture. 

Helipot 

Model L Series 

3" 

10-100,000 ohms (b) 

5 watts 

358° +1° 

8.3" 

1—Threaded Bushing. 
LS—Servo Flange, Sleeve Bearing. 
LSP—Servo Flange, Ball Bearing. 

8 

33 
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NEW Industrial Engineering Notes* 

Oscilloscope 

TO SUCCEED THE POPULAR TYPE 514-D 

THE Type 514-AD 
New Vertical Amplifier 

6 cm undistorted vertical 

deflection 

New Precision Flat-Faced 

5" CRT— improved 

geometry and edge focus 

New Variable Duty Cycle 

Calibrator 

New Sweep Amplifier 

New Sweep Magnifier 

New Direct-Coupled 

Unblanking 

With its many important new characteristics the Type 514-AD 

comes even closer to providing everything you need in a 

general-purpose laboratory oscilloscope. Excellent transient 

response, 10 mc bandwidth, 6 cm undistorted vertical deflec-

tion, and wide time base range increase the depth of investi-

gation possible with this versatile new instrument. High quality 

design and construction assure long, trouble-free service. 

Condensed Specifications 

Vertical Amplifier 

Risetime-0.04 µsec 

Bandwidth— dc to 10 mc 

ac-2 cycles to 10 mc 

Sensitivity— dc, 0.3 a/cm to 100 vicrn 

ac, 0.03 vicm to 100 v/cm 

Signal Delay-0.25 µsec 

Calibrator-0 to 50 y square wave, 

accurate within 3%, duty cycle 

variable 2% to 98% 

66. 

Time Base Range 

0.1 µsec cm to 0.01 sec ' cm, 

continuously variable, accurate 

within 5% 

Single, triggered, or recurrent sweeps 

Sa sweep magnifier 

3 kv Accelerating Potential 

All dc voltages electronically regulated 

Type 5 1 4-AD— $950 • Type 514-A (without delay network) $900 

Prices f.o.b. Portland, Oregon Write for complete specifications 

TEKTRONIX, Inc. 
P. 0. Box 831B, Portland 7, Oregon • Cable: TEKTRONIX 

NEW FREQUENCY DEVIATION METER DE 

VELOPED BY BUREAU OF STANDARDS 

The National Bureau of Standards has 
announced the development of a new and 
comparatively simple frequency deviation 
meter which reportedly indicates the devi-
ations of a signal from a reference frequent 
to better than 0.5 per cent. The meter was 
developed by Norris Hekimian of the NBS 
Central Radio Propagation Laboratory. 
The Bureau has reported that the meter 
performs the same function as the "tuning 
eye" on some radio receivers but with 
enough precision to be used in the labora-
tory or as part of the production inspection 
procedure in a manufacturing operation. 
A report on the frequency deviation meter 
will appear in the July issue of the NBS 
Technical News Bulletin. 

RTMA ACTIVITIES 

At the 29th annual convention the 
Board of Directors approved a reorganiza-
ion plan for submission to the member-
hip and elected Director R. C. Sprague 
LS 

a 

s Chairman and Glen McDaniel as 
emporary President pending the selection 
rf a full-time paid president. The plan 
provides for two committees of the Board: 

Radio-Television Industry Committee 
nd an Electronics Industry Committee, 
nd a change in the name of RTMA to the 
adio-Electronics-Television Manufac-
urers Association. . . . The RTMA En-

gineering Department has recently made a 
L 

T 

inearity Chart available for television 
tudio use. This chart, prepared by the 
R-4.4 Committee on Studio Facilities, 

permits an accurate adjustment of scan-
ing circuit linearity for camera chains, 
nd other checks in television studio main-
enance. The chart is similar in size to the 
tell-known Resolution Chart. In a smaller 
ize it appears also in a "Standard on Elec-
rical Performance Standards, Television 
tudio Facilities," now being printed. The 
arge charts are available from the RTMA 
Headquarters in Washington at $2.00 for 
single copy and $ 1.00 each for additional 
opies. . The Joint Technical Advisory 
ommittee has submitted a report to the 
ederal Communications Commission on 
ngineering questions relative to land 
nobile radio channel splitting. The ques-
ions were posed originally in July 1951 by 
W 

R 

ayne Coy when he was Chairman of the 
CC. In submitting the report to FCC 
hairman R. H. Hyde, JTAC Chairman 
alph Bown pointed out that an industry 
ubcommittee, headed by F. T. Budelman, 
as been working hard on the problems 

posed ever since they were submitted and 
as made both theoretical studies and lab-
ratory and field tests. The report suggests 
wo alternative plans for splitting to in-
rease the number of nominal channels in 
he present 152-164 mc bands for land 
obile service. Some suggestions for the 
50-460 mc band also are made, along w ith 
etailed reasons why FM is preferred to 
ther modulation methods for land mobile 
se. ... 
* The data on which these NOTES are based were 

elected by permission from Industry Report issue of 
une 22 and 29 and July 3 and 10, published by the 
Radio-Television Manufacturers Association, whose 
elpfulness is gratefully acknowledged. 

(Continued on page 69A) 
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NOW! for the first time 

Collins Precision Oscillators 

Are Available to Industry 
YES,  now you can get Collins precision oscillators 
long famous for their accuracy and stability, as com-
plete packages for incorporation into your own designs. 
Collins oscillators give your transmitters, receivers, 
frequency standards, or test equipment superior sta-

bility and accurate linear dial calibration. 

Collins permeability-tuned variable-frequency oscil-

lators are sealed against atmospheric changes. Tempera-
ture compensated and mechanically stable. 

Output frequency is essentially independent 

of environment. 

Calibration is linear. 

The following performance characteristics are for the 
70E-12 — a typical Collins oscillator: 

Frequency range, 1.955 - 2.955 mc. 
Calibration accuracy, ± 750 cycles 
Maximum warmup drift, 30 min.-2 hours, -J.- 125 cycles 
RF Output, 0.5 - 2.0 y rms, 15 mmf load 
Plate power, 150 y 12 ma 
Heater power, 6.3 y P 600 ma 
Tubes, two 6BA6 
Tuning rate, 100 kc/turn 
Size, 21/2" dia. x 6-1/16" high 

Other oscillators are available as follows: 

Fundamental 
Type Frequency Range 

70 E- 1 1.0-1.5 mc 
70E-8   1.6-2.0 mc 
70E-12   1.955-2.955 mc 
70E-15   2.0-3.0 mc 
70H-2   2.455-3.455 mc 
70H-3   1.5-3.0 mc 

Type 70E-12 Collins oscillator. 

A compact arrangement to fit your equipment. 

For the latest electronic developments it's . . . 

COLLINS RADIO CO., CEDAR RAPIDS, IOWA 

11 W. 42nd St., NEW YORK 36 1930 Hi-Line Drive, DALLAS 2 

2700 W. Olive Ave., BURBANK 

A request on your company letterhead will 
bring complete information on the Col-
lins line of oscillators for industry, plus 
quotations on enrineering samples and 
production quantities. 
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Read the 

YJ 011.11 Al Itclislce.t INFORMO1ON FROM 1HE hp- LABOR,AIORIES 

1-IEVJ LE:1-T • C1( AR. 0 

...for up-to-the-iute news 
m n of 

electronic developments, t echniques 
and instrumentation, sent regularly 

\ without charge 

The -hp- Journal is an engineering periodical sent to you as another 
service of the Hewlett-Packard Company. It is written for engineers, 
by engineers. Typical papers discuss such subjects as: 

"Design notes on the RC Oscillator Circuit" 

"Direct- Reading UHF Power Measurements" 

"Good Practice in Slotted Line Measurements" 

"New 100 kc Counter for Electronics and Industry" 

Articles also contain technical data, performance information and operat-
ing suggestions for -hp- test instruments. All issues are fully illustrated. 

Write today for your free subscription 
(Please give your title or position; or state if engineering student) 

HEWLETT-PACKARD COMPANY 
27840 PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A. 

SALES REPRESENTATIVES IN ALL PRINCIPAL AREAS 

WORLD'S LARGEST EXCLUSIVE MANUFACTURER OF ELECTRONIC TEST INSTRUMENTS 

Vacuum Tube Voltmeters - Audio Oscillators - Frequency Counters, Monitors and Standards - Audio, VHF, UHF and SHF Signal 
Generators - Square Wave Generators - FM and TV Broadcast Monitors - Wave and Distortion Analyzers - Slotted Lines - Tunable 
Bolometer Mounts - VHF Bridges - VHF Detectors - Microwave Test Equipment and Power Meters - Standing Wave Indicators - Low 
Pass Filters - Electronic Frequency Meters - Attenuators - Wide Band Amplifiers - Regulated Power Supplies - Electronic Tachometers 

Voltage Dividers, Multipliers, Shunts - Accessories  

# Instruments for Complete Coverage 
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Industrial Engineering Notes 

(C,ntinued from page 66A) 

"CELLULAR" ELECTRONICS CONSTRUCTION 
UNDER STUDY AT BUREAU OF STANDARDS 

The National Bureau of Standards is 
currently investigating the problem of 
connecting components and tubes to 
printed circuit sheets. The Bureau has re-
ported that a "cellular" assembly method 
proposed by P. J. Selgin of the NUS En-
gineering Electronics Laboratory has sev-
eral interesting features which could prove 
advantageous in this field. In his approach 
to the problem, small three-contact molded 
blocks or cells, each containing oro or two 
circuit elements— resistors, capacitors, in-
ductors— are pressed against the etched 
circuit pattern by means of springs that 
are extensions of the tube socket contacts. 
No soldering is needed. This experimental 
technique is one of a number under study 
at the Bureau ill a program, sponsored by 
the Navy Bureau of Aeronautics, for im-
proving construction and maintenance of 
electronic equipment. A report of the 
"Cellular Electronic Construction" will 
appear in the August issue of the N BS 
Technical News Bulletin. 

FCC AcTioNs 

After considering petitions filed, in-
cluding that of RTMA, the Federal Com-
munications Commission finalized its 
Notice of Proposal Rule Making of Nov. 
26, 1952, looking to amend Section 
3.687(i)(1) of its Rules Governing Tele-
vision Stations to specify, temporarily, 
that all emissions removed in frequency in 
excess of 3 mc above or below the respec-
tive channel edge shall be attenuated no 
less than 60 db below the visual transmit-
ter power. Stations authorized prior to 
July 1 will have until July 1, 1954, to 
comply with this requirement but the 
Commission said it "believes it would be 
undesirable to permit additional stations 
to commence operation without adequate 
suppression of spurious emissions." The 
Commission, in finalizing its proposal, 
pointed out that this 60 db value is 
temporary and that, accordingly, stations 
should give consideration to the installa-
tion of equipment with greater attenua-
tion than that now required. . . . The FCC 
also issued a Notice of Proposed Rule Mak-
ing looking toward amending Section 
19.3(b) of the Rules Governing the Citi-
zens Radio Service to relax the spurious 
and harmonic radiation requirement by 
(a) providing a 40 db attenuation require-
ment for such emissions outside the 460-
470 mc band for Class A and B station 
equipment operated with three watts or 
less, plate input power to the final radio 
stage, and (6) providing a less restrictive 
requirement of 30 db attenuation for such 
emissions for Class B station equipment, 
when operated at three watts or less, plate 
input power, in those cases where such 
radiation appears on frequencies allocated 
to Industrial, Scientific and Medical 
equipment. Interested persons may file 
comments on or before July 15, 1953 
The FCC has finalized that portion of its 
proposed rule-making amending Section 

(Continued on page 72.4) II 

ATTENUATION 
to 3000 mcl 

Inquiries ore invited 
concerning single pads 

and turrets having 
other characteristics 

COAXIAL LINE TERMINATION 
50 ohms 

SINGLE ATTENUATOR PAD 
50 ohms 

VSWR ± 1.2 to 3000 mc. 
One watt c.w. power dissipation 

STODDART AIRCRAFT RADIO CO., INC. 
6644-C SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA 

H011ywood 4-9294 II 
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01 the I.R.E "h 
Prolesoionat tirwep . ekl„,/ .3, te 

A steno,» and Propagat.m, Udio 

At least one of your interests 
is now served by one of IHE's 

21 Professional Groups 
Each group publisher its own specialized papers in its Tranauctions. 
some annually, and some bi-monthly. The larger groups base organ-
ised local Chapters, and they also sponsor technical session. at IRE 
Consentions. 

Airborne Electronics (G 11) 
Antennas and Propagation (G 3) 
Audio (G 1) 
Broadcast & Television Receivers (G 8) 
Broadcast Transmission Systems (G 2) 
Circuit Theory (G 4) 
Communication Systems ( G 19) 
Component Parts (G 21) 
Electron Devices (G 15) 
Electronic Computers (G 16) 
Engineering Management (G 14) 
Industrial Electronics (G 13) 
Information Theory (G 12) 
Instrumentation (G 9) 
Medical Electronics (G 19) 
Microwave Theory and Techniques (G 17) 
Nuclear Science (G 5) 
Quality Control ( G 7) 
Radio Telemetry & Remote Control ( G 10) 
Ultrasonics Engineering (G 24)) 
Vehicular Communications (G 6) 

IRE Professional Groups are only open to those who are 
already members of the IRE. Copies cf Professional Group 
Transactians are available to non-members at three times 
the cost-price to group members. 

Fee $2 
Fee $4 
Fee $2 
Fee $2 
Fee $2 
Fee $2 
Fee $2 

Fee to be set 
Fee 
Fee $2 
Fee $1 
Fee $2 
Fee $2 
Fee $1 
Fee $1 
Fee $2 

Fee to be set 
Fee $2 
Fee $1 

Fee to be set 
Fee S2 

The Institute of Radio Engineers 
I East 79th Street. New 1 ork 21, N.Y. 

USE THIS COUPON 
Miss Emily Sirjane 
IRE-1 East 79th St. 
New York 21, N.Y. 

Please enroll me for these IRE Professional Groups 

• • . 
Name .   
Address   
Place   

Please enclose remittance with this order  

PG 8 53 

Professional Group 
on Aeronautical 

and Navigational 
Electronics 

Although radio communications 
early became an essential factor in 
aircraft development, perhaps one 
of the most dramatic and specialized 
fields of present-day radio-electronic 
progress has been airborne electron-
ics. 

Partly due to the war-time secrecy 
necessary, the Professional Group 
on Airborne Electronics was the 
eleventh formed by IRE members. 
But, it is a particularly clean-cut ex-
ample of the need for Professional 
Groups, and the value the groups can 
render to members. The problems 
presented called for a high degree of 
specialization— yet they were essen-
tially radio techniques— from servo-
mechanisms to radar, and from com-
munications to computors and guided 
missiles. 

The Dayton IRE Section intro-
duced its own specialized conference 
on Airborne Electronics in 1946, 
which has now become the National 
Conference of the Group. This Con-
ference publishes a very complete 
and printed " Proceedings" annually, 
in book form. The Group also pub-
lishes four Transactions and News-
letters a year in co-operation with 
the IRE Editorial Department, and 
it sponsors full technical sessions at 
other Conferences, and notably at the 
Annual IRE National Convention, 
the papers from which comprise a 
major share of Part I of the Con-
vention Record. 

The group has grown rapidly, and 
now has 1315 members in all parts of 
the country. It is developing some 
interesting local Chapters. 

One very favorable outcome of 
the development of this Professional 
Group is that it is tending to accel-
erate the coordination between air 
frame design and electronic design 
in this field— to the obvious benefit 
of both. It has also drawn together 
into one Group, through practical en-
gineering necessity, engineers work-
ing in sometimes widely separated 
fields: propagation theory, naviga-
tional aids, servomechanisms, etc. 

le eft 5. tecdiet.. 
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SUPERIOR PERFORMANCE 
On 3 Cycles to 20 Megacycles 

DATA 

1. Wider Bandwidth:- Complex 
waves from 5 Cycles to 15 Megacycles. 
Sine waves from 3 Cycles to 20 Mega-

cycles. 

2. Extended Sweep Frequencies: 
Linear from 10 Cycles to 20 Megacycles 
internally synchronized. Triggered 
sweep, from single random impulses to 
irregular pulse-intervals up to as high as 
6 Megacycles. 

3. Square Wave Response: Rise 
time 0.042 Microseconds; only 5% 
droop on flat-topped pulses as long as 
30,000 Microseconds duration. 

4. Greater Stability: Electronically regu-
lated power supplies throughout to maintaii 
accuracy and constant operation under varying 
line conditions or line surges. You can display 
surges on the line from which Model LA-239C 
is being powered without distortion of the 
trace! 

5. Higher Signal Sensitivity: Maximum 
sensitivity without Probe: 1'0.4 millivolts. Wit, 
Probe: 100 millivolts. ( Maximum signals, 125 
V. Peak and 450 V. Peak respectively.) 

6. Timing Markers: Interval Markers cf 
0.2;1; 5; 20; 100; 500; or 2,000 Microseconds 
may be superimposed on the trace for the 
accurate measurement of the time base. 

7. Voltage Calibration: Signal amplitude 
is compared against a ',000 cycle square 
wave (generated internally) the amplitude of 
which is controlled by a step-and-slide at-
tenuator calibrated in peak volts. (A jack is 
provided to deli.,er 40V Peak for use in 
calibrating other instrumerts.) 

8. Sweep Delay: Any portion of the sweep 
longer than a 10 Microsecond section may be 
expanded by 10:1 for detailed study of thai 
portion of the signal. 

9. Power Source: 110 to 130 V AC; from 
50 to 1,000 cycles. 295 Watts. (Fused at 4 
Amperes.) 

10. Dimensions: In Bench Cabinet: 19Y2 in. 
Wide; 15 1/4 in. KO; 16 31/4 in. Deep. In Rack 
Mounting (With cabinet removed to fit stand-
ard relay rack): 91/2  in. Wide; 14 in. High 

THE LAVOIE MODEL LA-239C has been designed to surpass 
the high performance of the TS-239A/UP, which has been the 
standard test oscilloscope for the Armed Services since its 
introduction. Model LA-239C is the result of a long period of 
research and development which has included the study of 
new tubes, new circuits, and new techniques. Rugged design 
has been combined with functional simplicity to produce an 
instrument as attractive as it is efficient. 

To create a circuit that will produce a certain complex 
wave form, or study transients and pulse phenomena, no 
better precision instrument is available today. 

Lavoie Laboratories take pride in offering this precision 
oscilloscope as the combination of engineering perfection 
and manufacturing skill. 

d ad.aziOie odaeletelteUed, lete. 
MORGANVILLE, NEW JERSEY 

DESIGNERS AND MANUFAC TURERS OF ELECTRONIC EQUIPMENT 
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ei to treismit tee 

• Saves parts 

• Simplifies assembly 

• Minimizes machining operatiuns 

• Eliminates alignment problems 

• Easily adapted to space, servicing and 
operating requirements 

• Cuts costs 

\*\ 

It only takes a single S. S.White flexible shaft to provide an efficient, 
smooth operating control linkage between any two parts, regardless 
of curves, obstacles or distance. Compare this to the systems of belts 
and pulleys—universal joints—or solid shafts and bearings that might 
otherwise have to be used—systems that call for extra care in align-
ment, machining, and assembly time. The advantages are obvious 

and most important in electronic equipment design. With S. S.White 
flexible shafts you need fewer parts, can simplify assembly, and 
improve product performance at far less cost. 

S. S.White remote control flexible shafts come in a large selection of 
sizes and characteristics to meet almost any control requirement. 

Let S. S.White engineers assist you in working out details. There's 
no obligation. 

Write for the Flexible Shaft Handbook. This 256-page 
handbook has full details on flexible shaft selection and appli-
cation. Copy sent free if requested on your business letterhead. 

1V111111 (2,0 
11111011111111MAL onnesore 

DEINITAL urc. CO. 
 Dept. G, 10 East 40th St. 

NEW YORK 16, N. Y. 

WESTERN DISTRICT OFFICE, Times Building, Long Beach, Calif. 

•;•, , 
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(Continued from page 69A) 

9.446 of the Aeronautical Rules to enlarge 
the scope of service of aeronautical opera-
tional fixed stations, now authorized pri-
marily for link or control circuits, to in-
clude other aeronautical fixed operations, 
effective July 31, 1953. The Commission 
also issued a Notice of Proposed Rule Mak-
ing looking toward amending l'arts 10, 11, 
and 16 of its Rules so as to effectuate the 
assignment of frequencies in the band 450-
460 mc for use by the Public Safety In-
dustrial and Land Transportation Radio 
Services.... RCA and its broadcasting 
subsidiary, NBC, has petitioned the FCC 
to adopt the NTSC color TV standards as 
the NTSC prepared to file its own petition 
immediately after its meeting July 21. ln 
a 697- page petition, RCA and NBC stated 
that the RCA system, based on the NTSC 
standards, meets all the criteria established 
by the FCC for a satisfactory color televi-
ion system and pointed out that color 
programs broadcast on these standards 
an be received ill black-and-white on the 

millions of sets now in use without any 
djustments or additions. Dr. \V. R. G. 
Baker, Chairman of the NTSC, announced 
ollowing an NTSC meeting recently in 
New York that all recent technical posh-
ems, including that of amateur band in-
erference, had been resolved and that the 
NTSC would meet again on July 21 to 
nalize its work on the proposed color 
tandards. Following this the NTSC will 
mmediately tile its petition with the FCC, 
e said. When the FCC adopts the pro-

posed color standards, the petition states, 
(CA and liNC will: 1. expedite production 
f color receivers, tri-color iii Os and 
roadcasting and st mil° equipment for sale 
he public, to tele‘ ision manufacturers and 
o broadcasters. 2. Commence broadcast-
tg compatible color television programs 
•hich NBC will offer to commercial spoil-
ors and its affiliated stations throughout 
he United States. (Already, 41 independ-
nt stations affiliated with NBC have 
greed to a prompt start in broadcasting 
etwork color programs and others are 
lanning to do the same.) Officials of the 
CC had no formal comment on the RCA-
BC petition, but there were strong indi-

ations that the Commission would take 
o action on the RCA petition, other than 
erhaps to invite comment, until after it 
ceives the petition of NTSC. Meanwhile, 
ther manufacturers may file similar peti-
ons, it was reported. 

lonn.tzATiox 

President Eisenhower issued an Execu-
ve Order recently abolishing the Office of 
e Telecommunications Advisor to the 
resident and vesting its activities in the 
irector of Defense Mobilization. The 
ost of Telecommunications Advisor had 
en created by President Truman under 
xecutive Order 10,297 in October 1951-
nder the new order, all "records, pup. 
ty, personnel and funds held, used, em-
oyed, available, or to be made available 
connection with the functions vested in 
e Telecommunications Advisor ... shall 
transferred, consonant with law, to the 

ffice of Defense Mobilization." 
(Continued on page 734) 
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Industrial Engineering Notes 

(Continued from page 72A) 

FEDERAL PERSONNEL 

Raymond H. Folger, New York, was 
confirmed recently as Assistant Secretary 
of the Navy. President Eisenhower nomi-
nated Lewis L. Strauss, New York finan-
cier, to be Chairman of the Atomic Energy 
Commission, succeeding Gordon Dean, 
whose resignation was effective June 30. 
... Commissioner George E. Sterling, 

who took office on January 2, 1948, as a 

member of the FCC, recently celebrated 

his 30th year in government service. He 
entered the federal service as a radio in-
spector in the Bureau of Navigation, De-
partment of Commerce, in 1923, later 
transferring to the Radio Division, De-
partment of Commerce. In 1927, he moved 
to the Federal Radio Commission, follow-
ing its organization, and in 1934 to the 
FCC when it replaced FRC. 

NAVAL ORDNANCE LAB REPORT COVERS 
NEW MAGNETIC ALLOY 

The Naval Ordnance Laboratory has 
released a report covering the "Fabrication 
and Properties of 16-Alfenol—a Non-
Strategic Aluminum-Iron Alloy." The re-
port includes information on the methods 
of fabricating 16-Alfenol, an aluminum-
iron alloy containing 16 per cent alumi-
num, from cast slab to thin gage type and 
gives magnetic data from a limited number 
of heat-treated laminated cores. The mate-
rial reportedly exerts extremely low aniso-
tropy which "should be excellent for appli-
cations requiring nondirectional magnetic 
properties." Despite the low anisotropy of 
16-Alfenol the BH loop is reported to be 
very rectangular, a property which has 
proven "beneficial in applications such as 
magnetic amplifier cores." 

INDUSTRY STATISTICS 

Television set production during the 
first five months of this year topped all 
previous January—May periods on record, 
according to a report issued recently by 
the RTMA Statistical Department. Radio 
Output for the period was more than 1.6 
million sets above the saine five months 
of 1952. During the first 21 weeks of this 
year, 3,309,757 television sets and 6,102,-
711 radios were manufactured, according 
to the report. In 1952, a total of 1,957,083 
TV receivers and 4,469,432 radios were 
produced in the same period. 

TELEVISION 

The FCC ruled recently that theater 

television should be a common carrier op-

eration on frequencies already allocated 

to the common carrier service and finds no 
necessity for a separate allocation for fre-
quencies for theater television, thus con-
cluding the proceedings by various organ-
izations in the motion picture industry. 
... By agreement between the United 

States and Mexico, television channel as-

signments have been arranged. Twelve 
television channels between 50 and 216 
mc along the border have been established, 
and within an area of 400 kilometers (250 
miles) in width on either side of this border. 

(Continued on page 74A) 
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. HOME APPLIANCES 

• TWO-WAY RADIO COMMUNICATIOWS SYSTEMS 

• PHONE LINES 

• AIR CONDITIONING SYSTEMS 

• STARTER CONTROLS 

. AUTO IGNITIONS. GENERATORS. BATTERIES 

• MOVIE EQUIPMENT 

• PANEL INSTRUMENTS 

• TV CAMERAS 

• AUTO LIGHTING SYSTEMS 
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. "HAM - RADIO EQUIPMENT 

• CABLES 

. CONNECTORS 
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• 1001 Uses for the Simptebn Model ?AC:- . 
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20.0,10 OHMS PER VCLT OC 

1.00. OHMS PER VOLT AC 

VOLTS, AC AND DC. 25. 10. ie. 250. 1.00e 5 000 

OUTPUT: 2.5, 10, 50 250. 1.000 

MILT_IAMPERES. DC: 10, 100. SOO 

MICROAMPERES. DC: 100 

AMPERES. DC: 10 

DECIBELS 45 RANGES): - 12 TO + SS OB 

I  OHortris CENTER/. 0-20 MEGOHMS 117e.000 01efleS 
MS 0-2000 112 OHMS CENTER). 0-200.0 I : 200 0C  

CENTER) 

/pen 

Model 260 
11. 01I•OHM-tAIIIIAMI.If TER 

73A SIMPSON ELECTRIC COMPANY 

0 W. Kmzie St.;Chicago 44 • EStc•z-c•(4. 

da. Bach-Simpson. Ltd., ‘ cmdc.•.. Ont. 

I3B.95 Deager's net. 

• Y- • OCh et,SPICI 



It pays to check TEFLON* 
for non-porosity 

Penetrating dye applied on cleaned Teflon part 
will penetrate wherever porosity exists. 

Magnified section of porous Teflon part, even 
when wiped clean, shows telltale dye stains. 
You'll find no such dye penetration in Fluor°. 
flex-T products. 

Assure dielectric stability in parts 

by using non-porous FLIJOROFLEr-T 

Porosity detracts from any insulating material — even 
from a virtually perfect UHF dielectric such as Teflon. 
How can you tell whether Teflon has porosity? By a 
penetrating colored dye test. Clean the part, apply dye, 
wipe off. When magnified, absorbed spots of dye can he 
plainly seen. 
Put Fluoroflex-T products to the test and you won't 

find any penetration in either rod, tube, or sheet. For 
two reasons: (1) Teflon powder is extruded or molded 
on equipment especially designed to compact it to the 
critical density. This not only prevents porosity but also 
provides highest tensile strength. (2) Normal discolora-
tions in Teflon are left unbleached to retain this optimum 
density. 

That's why you can always count on Fluoroflex-T for 
electrical stability in severest use. Stress •relieved, it is 
also dimensionally stable and machines properly with 
minimum rejects. Write for Bulletin FT-19. 

*DuPont trade mark for its tetrafluoroethylene resin. 

Resistoflex trade mark for products from fluorocarbon ruins. 

RESISTOFLEX 
corporation 

Belleville 9, N. J. 

SPECIALLY ENGINEERED FLEXIBLE RESISTANT PRODUCTS FOR INDUSTRY 

Industrial Engineering Notes 
(Continued from page 73A) 

All station assignments will have, through 
the agreement, an effective radiated power 
not in excess of 100 kw for channels 2, 3, 4, 
5, and 6; and no more than 325 kw for 
channels 7, 8, 9, 10, 11, 12, and 13. A 
copy of the text of the agreement between 
the two countries can be obtained from the 
FCC by referring to memo No. 91303 
For the purpose of aiding the FCC in proc-
essing TV applications, promoting the ex-
tension of TV service, and insuring that all 
persons have a fair and equal opportunity 
to apply for availability facilities, the FCC 
issued a Notice of Proposed Rule Making 
recently which would ( 1) require local 
advertising of all initial applications for 
new television stations, and (2) provide a 
cut-off of 30 days from the publication 
after which no competing applications 
would be accepted in opposition to the TV 
applications so advertised. An applicant 
for a new TV station would have to give 
public notice of his application by publish-
ing that fact, at least once a week for two 
weeks immediately following his filing, in 
a local newspaper of general circulation 
in the community in which the requested 
TV channel has been assigned. No action 
would be taken for a 30-day period, and if 
no competing application is filed within 
that time and the applicant otherwise qual-
ifies, his application would be eligible for a 
grant after the 30-day period. . . . The 
FCC released a public notice recently on 
the reception by television receivers of 
signals of amateurs operating in the 21 mc 
band. It was pointed out that on May 1, 
1952, the Commission's transfer of the 21 
mc band to the Amateur Radio Service 
was completed and that "in some in-
stances interference to television broadcast 
reception may often be due to the fact 
that certain post-war television receivers 
now in use by the public use an intermedi-
ate frequency in the amateur 21 mc band." 
The FCC statement continued: "The Com-
mission has carefully studied this problem 
and has determined that interference that 
may be received by television receivers 
which use an intermediate frequency in 
the amateur 21 mc band from amateur 
operation in that band is due principally 
to characteristics in the design of the tele-
vision receivers. In many cases such inter-
ference can be cured by simple and inex-
pensive means. The Commission expects 
that amateur station licensees will co-
operate with the owners of the receivers in 
determining the actual cause of interfer-
ence to television reception appearing to 
result from amateur operation in the 21 
mc band. Moreover, amateur licensees 
will be required to correct any of their op-
erations contrary to Commission Rules 
which may contribute to the interference. 
The Commission cannot, however, hold 
amateur licensees operating in the si mc 
band responsible for remedying such inter-
ference if such amateurs are complying 
with all of the applicable rules and regula-
tions of the Commission; this is in accord-
ance with the policies already established 
with respect to other authorized services. 
Attention is also called to the fact that 
about 300 Television Interference (TVI) 

(Continued on page 76A) 
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H-16 CHECKS I 
the CHECKER  

ARC Type H-16 
STANDARD 

COURSE-CHECKER 
For Omni Sigral Generators 

• This newly developed in-

strument is a means for check-
ing precisely the phase-accu-

racy of the modulation on 

VOR ( Omnirange) Signal 

Generators. Now that the use 

of omnirange receivers and 
signal generators is so wide-

spread, it is necessary to have 

a means of meaiuring the 

phase differences between the 
30 cps envelope of the 9960 

-± 480 cps reference modula-
tion, and of the 30 cps variable 
modulation when that differ-

ence is required to be 0, 15, 

180 or 195 degrees. 
o An important feature of the 

H-16 is a built-in self-checking 
circuit to insure . 1 degree ac-
curacy. Errors may be read 

directly on a 3-inch meter, 
calibrated to read -± 4 degrees. 

Write for detailed epecifications 

Dependable Airborne 
Electronic Equipment 

Since 1928 

dircraft Radio Corporation 
BOONTON NEW JERSEY 

75A 

err ere etV 
Now! fast testing in Plate Conductance with convenient 

ohms readings for leakage and shorts with the new Simpson 
Model 1000 

• tests any tube—including 9 pin miniatures and subminiatures— 
for plate conductance. Dial shows percentage of rated plate 

conductance for more positive, accurate results. 

• tests are made under conditions simulating actual use in 
radio, TV, hearing aids and other electronic circuits. 

• gives you reliable short tests because the Simpson 1000 quickly 
and conveniently shows you the exact ohms values for inter-
element leakage and tube shorts. 

• Simpson's roll chart service makes a new roll chart available 
each year and complimentary roll chart supplements are 

provided at regular intervals. 

• and—the Simpson 1000 is as handsome as it is useful. Front 
panel is finished in non-glare grey hammerloid. Rich burgundy 
carrying case looks like expensive luggage. Comes complete 
with Operator's Manual—all for only $135.00, net. 

MODEL 1000 

SEE IT AT YOUR PARTS JOBBER 

SIMPSON ELECTRIC COMPANY 

5200 West Kinzie Street, Chicago 44, Illinois 

EStebrook 9-1121 

IN CANADA: Bach-Simpson, Ltd., London, Ontario 
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designed and produced by e4ctleiti 

WAVEGUIDE SWITCH 

A complete Inn : compact, rug-
ged. suitable for military 
usage: VSWR less than 1.10: 
crosstalk greater than 50 Db: 
operation 24 v_ DC, 110 v. AC: 
may be spec.ally designed to 
meet switchirg 'problems. 

DUMMY LOADS 
Designed for military field 
operation: built to meet all 
standard military vibrations 
and shock requirements. Capa-
ble of operating at extremely 
high average powers. 

FLEX AGUIDE 
Pressure-tight: rugged enough 
to meet roughest requirements: 
VSWR less thar 1.10: attenu-
ation equal to brass rigid guide. 

MIXER DUPLEXER 
Precision- built to closest 
tolerances: completely tested. 
Designed to meet your basic 
requirements, or produced from 
your blueprints. 

COUPLERS 
Complete series for all wave-
guide sizes. Flange combina-
tion. and waveguide or coaxial 
outputs. Designed to meet your 
particular problems. 

For RIGID Waveguide Specify 

reneesiotid 
Rigid Bends • Twists • Tapers • Crystal Mixers • Duplexers 
Flanges • Magic Tees • Directional Couplers • Dummy Loads 
Waveguide Switches • Coax Adaptors ° Precision Castings 
Waveguide Transformers • Quick Disconnect Clamps 

For FLEXIBLE Waveguide Specify 

FLEXAGUIDL 
Army and Navy Standard Waveguides 
Flexible Twists - Bends • Tapers 
Straisht Sections All Lengths and Sizes 

Write for Catalogs 

Linden, New Jersey 

  BRANCH OFFICES   

DAYTON CHICAGO LOS ANGELES DALLAS 

KANSAS CITY SEATTLE ALBUQUERQUE 

Intlihtrial Engineering Notes 

,,t.aa..d from page 74A) 

Committees have already been formed in 
communities throughout the country to 
help deal with the television interference 
problem. These voluntary committees are 
composed of set owners, industry repre-
sentatives and amateurs, and they have 
achieved encouraging results in their ef-
forts to eliminate television interference. 
The Commission believes that these TVI 
committees will also prove helpful in solv-
ing any interference problems that may 
develop with respect to amateur operation 
ill the amateur 21 mc band. . . . The FCC 
waived its rules recently to permit the 
testing of non-standard color television 
signals, in accordance with National Tele-
vision System Committee specifications, 
over facilities of the National Broadcast-
ing Co. network during the regular broad-
cast day, starting immediately and ending 
July 31, 1953. The operation is limited to 
non-commercial, sustaining programs. ... 
One year after the FCC again started 
processing applications for television sta-
tions, following the three and one-half 
year "freeze" on new grants, television 
was truly on its way to becoming a na-
tionwide service. From July 1, 1952, when 
FCC again started processing applications, 
through July 1, 195.3, the Commission ap-
proved construct iuns permits for 381 com-
mercial TV outlets. ln addition, 18 non-
commercial educational stations have re-
ceived CPs, including one recently, of 
which KUTH, Houston, Tex. IS in opera-
tion. Of the 381 commercial outlets au-
thorized, six have returned their permits, 
leaving outstanding new commercial CPs 
at 375 on July 1. With the 108 stations 
which had been authorized before the 
freeze, the total number of stations with 
outstanding authorizations stood at 500 
on July 1. Eight additional commercial 
outlets and one educational station have 
been approved since that time, bringing 
the current total to 509. As of July 10, 
every state in the Union, with the excep-
tion of Vermont, has outstanding permits 
for TV stations. In addition, outlets have 
been approved for Fairbanks, Alaska; San 
Juan, 1'. R., and I lonoluln, T. H. Stations 
now are operating, or at least have re-
ceived FCC approval to go on the air, in 
all states which have outstanding CPs, 
with the exception of Montana, New 
I lampshire and Wyoming. The present 509 
outstanding authorizations for television 
stations are distributed throughout 302 
U.S. cities, plus the three in our territories. 
The 500 stations authorized on July 1 were 
distributed as follows, according to a re-
lease from FCC: 

Stale 111F 
Alabama 3 5 
Arizona 8 0 
Arkansas 2 3 
California 24 9 
Colorado 8 2 
Connecticut 4 7 
Delaware 1 1 
D. of C. 4 0 
Florida 9 3 

(Continued on page 78A) 

No. of 
Total Cities 
8 4 
8 4 
5 3 

33 17 
10 4 
11 6 
9 7 

4 1 
12 9 
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Compression Type Headers, 

Plug-In Headers, GS Series Multiple 
Headers, Custom Seals to Specification, 

Tubular End Seals, Color Coded Terminals, 

High Creepage Terminals 

Whatever your need, E-I can supply a Sealed Termination that exceeds requirements 

at a cost no higher than competitive types of lesser dependability. Over 12 years 

of specialization, with research, development and manufacture devoted exclusively 

to Hermetically Sealed Terminations insures this extra dependability in every single 

item shipped by E-I. For outstanding performance, taster delivery, lowest 

unit cost, call, write or wire your requirements to E-I today. Hundreds 

of Standard types, with optional features are available plus 

custom designs to your exact specification. 

E- I ... YOUR HEADQUARTERS for every lyDe 
of Hermetically Sealed Termination. Write 
today for illustrated literature. 

DIVISION OF AMPEREX 

ELECTRONIC CORPORATION 

_I 
rr r— 

• -rr 

ÍTJIJTIÏ r 

ELECTRICAL INDUSTRIES 
44 SUMMER AVENUE, NEWARK 4 NEW JERSEY 

EXPORT AGENTS 

PHILIPS EXPORT COP. EDO EAST l2nd STREET, NEW YOPK 17, N 

PATENT PENDING 

ALL RIGEIS RESERVED 

Pleffloilfflimenin 



NOW! 
UHF AND MICROWAVE MEASUREMENTS 

MADE EASY WITH THE PRESTO 

MICROWAVE SECONDARY FREQUENCY 

STANDARD 

MICROWAVE SECONDARY FREODENCI STARDARD 

METER ErRinr 

1 

MODEL 100* 

Price: $ 265.00 f.o.b. factory 

signals spaced ever) WO and 2(11) 

and a 50 mc marker output useful 

• No frequency tuning whatsoever. 

• Markers every 50, 1 00, 200 mc. 

• .005% accuracy over range. 

• Lightweight and compact-8 1/2 
lbs., 73/8" x 6" x 6 1/4 ". 

• Military quality standard 

components used throughout. 

• Low power consumption-60 
watts. 

• Operates from 1 1 5V-50-1750 
cycle source. 

50-11,000 MC OUTPUT 

The PRESTO Model 100 
Microwave Secondary Fre-
quency Standard provides, 
for the first time, a versatile 
and relatively inexpensive 
instrument to generate accur-
ate test signals over the ex-
tremely wide range of 50 to 
approximately 11,000 mc 
without any frequency tun-
ing whatsoever. The Model 
100 delivers to the 50 ohm 
input of a typical microwave 
receiver an uninterrupted, 
simultaneous series of CW 

mc over its complete frequency range, 
up to approximately 9,000 mc. 

USE IT 

• To perform functions of 
expensive primary standards. 

• To calibrate signal generators. 

• To establish standard 
frequencies. 

• To calibrate and align receivers. 

• To radiate test signals for overall 

radar systems check. 

• To provide markers for 
panoramic displays. 

*Patent Applied For 

RECORDING CORPORATION 

PARAMUS, NEW JERSEY r' SPECIALTY PRODUCTS m. 
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Indmirial Engineering Notes 

(Continued from page 76.1) 

State 
Georgia 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 

MassachusettsMichigan 

Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
N. Hampshire 
Nevada 
New Jersey 
New Mexico 
New York 
N. Carolina 
N. Dakota 
Ohio 
Oregon 
Oklahoma 
Pennsylvania 
Rhode Island 
S. Carolina 
S. Dakota 
Tennessee 
Texas 
Utah 
Virginia 
Washington 
W. Virginia 
Wisconsin 
Wyoming 
Hawaii 
Puerto Rico 

No. of 
VHF UHF Total Cities 

6 3 9 7 
O 9 9 6 
8 11 19 12 
2 11 13 11 
4 4 8 6 
4 1 5 4 
2 5 7 4 
2 9 II 5 
1 1 2 2 
3 3 6 3 
2 10 12 9 
7 12 19 13 
7 2 9 6 
1 4 5 4 

11 7 18 10 
7 0 7 4 
4 4 4 2 
O 1 1 2 
2 0 2 1 
1 5 6 4 
6 0 6 4 
15 21 36 14 
3 8 11 9 
5 0 5 3 

12 15 27 13 
2 3 5 4 
3 4 7 4 
9 25 34 19 
1 1 2 1 
2 5 7 5 
1 0 1 1 
4 3 7 5 
25 16 41 23 
3 0 3 I 
5 7 12 10 
7 2 9 5 
2 4 6 5 
3 7 10 7 
2 0 2 2 
3 0 3 1 
1 0 1 1 

During April and May the FCC approved 
construction permits for 41 new television 
stations, bringing the total at the end of 
May to 366. Special temporary authoriza-
tions were issued to 27 stations during the 
period, bringing the total on May 31 to 
80. These were: 

State and City 
Arizona 
Phoenix 

California 
Fresno 
San Francisco 
Tulare 
Connecticut 
Stamford 

Balm 
Meridian 

lUinois 
Rockford 
Indiana 
Ft Wayne 

Waterloo 
Iowa 
Cedar Rapids 

Kentucky 
Richmond 

Louisiana 
Alexandria 
New Orleans 

Michigan 
Cadillac 
Minnesota 
Minneapolis-
St. Paul 

Permitter Channel 

Share-time, Maricopa BC 
and KOY BC 10 

J. E. O'Neill 
S. H. Patterson 
Sheldon Anderson 

47 
32 
27 

Stamford-Norwalk Tele-
vision Corp. 27 

Boise Valley Broadcasters, 
I nc. 2 

Greater Rockford TV, Inc. 13 

Northeastern Indiana BD 
Co.. Inc. 33 
Tri-States TV, Inc. 15 

American BD Stations, 
Inc. 2 

Blue Grass TV Co. 60 

Barnet Benzner 62 
Community TV Corp. 32 
C KG TV Co. 26 

Sparton Broadcasting Co. 13 

Share-time, Minn. TV 
Public Serv. Corp. & 
WMIN BC Co. I 1 

(Continued on page 804) 
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PROOF of by every test 
PERFORMANCE 
Shure slender Gradient' 

Microphones solve difficult 
acoustic problem 

--
Reod the interesting story printed below— 
os fold by S. L. Almas, President of K-L-A 
LABORATORIES, INC., Detroit, Mich. 

"We have just encountered a very in-
teresting and unusual experience. l'resi-
dential candidate Governor Adlai Sii•% en 
son spoke on Labor Day here in Detroit 
during an open air meeting in Cadillac 
Square. 
"The speech was tekvised coast to 

coast and T.V. engineer:. did not want a 
battery. of microphones obscuring the 
speaker s face. We did not want ordinary 
broadcast microphones used that would 
cause feedback before sufficient signal 
was obtained to drive the public address 
system to the desired output. 

"After due consideration, it was mutu-
ally agreed to use only two microphones 
for network T.V. - Radio - 5 Newsreels, 
two Tape Recorders, and Public Address 
System. We suggested two Shure Model 
#315 microphones, and these were used 
with excellent results. M'e received com-
pliments galore. 

"Congratulations for having designed 
a microphone to satisfy the demands of 
such varied fields of  reproduet' ." 

-315" 
GENERAL PURPOSE 

LIST PRICE 119 50 

SHURE BROTHERS, INC. 

A 
Former Governor 
Stevenson of Illinois, 
pictured as he ad-
dressed Detroit audi-
ence on Labor Day, 
during the 1932 pres-

idential campaign 

"300" 
BROADCAST 

LIST PRICE $135.10 

MICROPHONES AND A=:OUSTIC DEVICES 

225 W.Huron St.Ehicago 10,III.Eable:SHUREMICRO 1 

is best! 

524 

"riirr 

AUTO RADIO 

VIBRATORS 
esecie eetamic Se4 Sft4ee4 
A COMPLETE LINE OF VIBRATORS 

Designed for Use in Standard Vibrator-Operated 

Auto Radio Receivers. Built with Precision Con-

struction, featuring Ceramic Stack Spacers for 

«Longer Lasting Life. Backed by more than 22 

years of experience in Vibrator Design, Devel-
opment, and Manufacturing. 

"A" Batiery Eliminators, DC-AC Inverters, Auto Radio Vibrators 

y  NEW MODELS 

•\,/ NEW DESIGNS 

NEW LITERATURE 

See *wet feavt at unite érceete4v 

AMERICAN TELEVISION & RADIO CO. 
Zealetet Ptediece Sig« 193i 

SAINT PAUL 1, MINNESOTA—U. S. A. 
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American Beauty 
makes perreef soldered eonneetTons 

SYLVANIA 
RADIO and 

TELEVISION SETS 

Pride of Brides for Three 

Generations, the famous 
American Beauty Electric 
Iron, made by the same 

specialists in electrical 
heating devices. 

86ded 6cee we Suede... 
Soecteie 6_ezZbie 

_American Beauty 
teed( seeciaby froSke /894 

80A 

There are over 2,000 soldered 
connections in a good television 
receiver. Sylvania calls on Amer-
ica-I Beau'y to help produce top 
quality product!, maintain its 
reputatiol os o naker of ex-
pertly crafted receivers. 

IN CHOOSING SOLDERING 
IRONS, look to the oldest, larg-
est manufacturer in America. 
Look to AMERICAN BEAUTY, 
the Standard of Perfection on the 
world's production lines, and to 
these features that make AMER-
ICAN BEAUTY the largest-sell-
ing of all soldering irons . . . 

• Nickel-coated, corrosion-resistant 
tips, easily and quickly replaced 

• Super-flexible cord, American 
Beauty-made, reduces worker 
fatigue 

• Heating element of chrome-nickel 
ribbon resistance wire 

• Insulated with pure mica 
• Built-in connection for ground 

wire 
• Six models . . . from 50 to 550 

watts 

AMERICAN ELECTRICAL HEATER COMPANY 
DETROIT 2, MICHIGAN 

West Virginia 
\Vheeling 
Wyoming 
Casper 
Hawaii 
Honolulu 

Industrial Engineering Notes 

(Continued from page 78A) 

State and City Permittee 
Missouri 
Cape Girardeau KGMO Radio-TV Inc. 
St. Louis St. Louis Educational TV 

Commission 
Montana 
Great Falls 
New Hampshire 
Keene 
New Jersey 
New Brunswich 
New York 
Albany 
Rochester 
Ohio 
Cincinnati 
Columbus 
Oklahoma 
Miami 
Oregon 
Eugene 
Pennsylvania 
Lancaster 
Lewiston 
Pittsburgh 

The Montana Farmer Inc. 

WKNE Corp. 

Home News Publ. Co. 

Hudson Valley BC Co. 
Genesee Valley TV 

Rounsaville-Clark TV Co. 
Ohio State U. 

Miami TV Co. 

Eugene TV. Inc. 

H. C. Burke 
Lewiston BC Co. 
Metropolitan Pittsburgh 
Educational TV 

Rhode Island 
Providence New England TV Co. of 

R. I. 
South Carolina 
Greenwood 
Texas 
Abilene 
Harlingen 

Grenco Inc. 

Reporter BC Co. 
Magic Triangle Televisers, 
Inc. 

Lubbock Plains Radio BC Co. 
Virginia 
Marion Mountain Empire BC 

Corp. 

Tri-City BC Co. 

D. L. Hathaway 

American BC Stations 
Inc. 

Channel 

18 

3 

4.5 

47 

41 
27 

54 
34 

58 

13 

21 
38 

13 

16 

21 

9 

4 

50 

7 

2 

4 

ALBUQUERQUE-LOS ALAMOS 

"Patent Law," by Dr. Donald MacKenzie 

Sandia Corporation; April 24, 1953. 

"The Neuro Calatone," by R. P. Matthews; 
"The Thermistor as an Amplitude Limiter Ele-

ment," by M. J. Mattison, " Negative Resistance of 
Baselontact Transistors; Development and Ap-
plication of Transistor," by T. E. Stone and C. R. 
Kennedy; all Students, University of New Mexico; 

May 20, 1953. 
Installation of new officers; June 26, 1953. 

ATLANTA 

"Extension of Television Coverage by Satellite 
ions," by J. H. DeWitt, WSM and WSM-TV, 

Nrshville, Tenn.; May 15, 1953. 
"Remote Control of 10 KAV.F.M. Transmit-

ter," by Ben Akerman, WGST, Atlanta; June 26, 
1953. 

131EAUMONT-PT. ARTHUR 

"The Santa Fe Railway's Microwave Com-

munication System," by J. L. Lee, GC & SE Rail-
way Co.; July 20, 1953. 

BINGHAMTON 

Election of officers; June 25, 1953. 

Courtiums 

"Mountain Climbing Adventures," by E. M 
Boone, Faculty, Ohio State University; June 16, 
1953. 

EMPORIUM 

"Color Television Today." by Donald Fink. 
Piffle° Corporation; May 13, 1953. 

"UHF Measurements and Techniques," by 

R. Bailey and J. W. Rush, General Electric; June 24 
1953. 

(Continued on page 814) 
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(Continued from page Sq.-l) 

HAWAII 

"Underwater Sound," with equipment demon-

strations, by D. L. Pang, U. S. Naval Shipyard; 

April 8, 1953. 

Dinner meeting and nomination of officers; 

May 13. 1953. 

"Cosmic Disturbance Studies made at Mt. 

Haleakala Observation Station," by Grote Reber, 

Research Corporation; June 10, 1953. 

INVOKERN 

"Magnetic Amplifiers," by O. J. M. Smith, 

Faculty, University of California, and Kiln, "And a 

Voice Shall be Heard"; June 22. 1953. 

"Some Characteristics of Common Loud-

speaker Enclosures," by J. S. Sherwin, Naval 

Ordnance Test Station; July 1A, 1953. 

PORTLAND 

"The Physics of Music and Hearing," by W. E. 

Koch (by Tapescript), Bell Telephone Laboratories; 

'Practical Aspects of I light Quality Tape Reproduc-

tion," by E. G. Swanson and Jack Hauser, Ampex 

Electric Corporation; April 14. 1953. 

"Data Processing Systems for Computers," 

by R. L. Sink, Regional Director of Region 7; May 

4, 1953. 

"Transistors in Negative Impedance Circuits,' 

by J. G. Linvill (by Tapescript), Bell Telephone 

Laboratories; May 21, 1953. 

"Some Circuit Properties of Junction Tran-

sistors," by L. G. Schimpf, Bell Telephone Labora-

tories; June 23, 1953. 

I'RINCETON 

"What h whist rial Research Expect s front 

Engineering Education," by Dr. D. II. Ewing. RCA 

Laboratories; April 23, 1953. 

SACRAMENTO 

New Trends in Audio," by Louis Bourget, 

Civil Defense Communications Division; May S, 

1953. 

"Some TV Studio Circuits and Practices," by 

Walter Berger, Station KX0A; June 26, 1953. 

SAN FRANCISCO 

"Semi-Conductor Electronics," by Dr. William 

Shockley, Bell Telephone Labs.; June 16. 1953. 

TOI.EDO 

"Rocket Ship and Space Travel," by Prof. 

McClean, Ohio State l'niversity; Elect i011 of 

officers; June 17, 1953. 

VANCOUVER 

«Radio Slips by Announcers and TV in 

Canada," by Sam Ross, Station CKWX; June 19, 

1953. 

W ILLIAMSPORT 

"Color Television Today," by D. G. Fink, 

Piffle° Corporation; May 13, 1953. 

SUBSECTIONS 

CENTRE C0t7NTY 

Noise Seminar Lecture ¡,q by Evan Johnson. 

Faculty. Pennsylvania State College; April 14, 1953. 

Noise Seminar I.ecture #2 by Mr. Loomis, of 

Haller. Raymond & Brown; April 23, 1953. 

Noise Seminar Lecture (.3 by Mr. Burnett, of 
Haller, Raymond & Brown; April 28, 1953. 

Noise Seminar Lecture #4 by J. N. Warfield, 

Faculty, Pennsylvania State College; May 5, 1953. 

"Nuclear Reactor at Pennsylvania State Col-

lege." by Dr. \V. M. Breazeale, Faculty, Pennsyl. 

vania State College; May 19, 1953. 

QUALITY PRODUCTS 
...for top performance! 

Preformed Contact Finger Stock 
is an ideal electrical weather 
stripping around doors of equip 
ment cabinets as well as being 
excellent for use with VHF and 
UHF circu try. Silver plated, it 
conies in three widths— 
and 1 inches 

Variable vacuum capacitors come 
in three models, are lightweight, 
compact, eliminate the effects of 
dust and atmospheric conditions 
and have low inductance. Also 
available are eight types of fixed 
‘acitum capacitors. 

Air- system sockets, designed for 
Limac tube types 4-4 0 0A, 
4-1000A, 4X150A, and 4X150D, 
simplify cooling and assure ade-
quate air-flow to various seals. 
The 4-400A socket can also be 
used with the 4-125A and -250A 

radial-beam power tetrodes if 
desired. 

HR heat dissipating connectors 
provide efficient heat transfer 
from the tube element and glass 
seal to the air while making elec-
trical connections to plate and 
grid terminals. Precision ma-
chined from durai rod, HR con-
nectors come in ten sizes to fit 
most of Eimac's internal anode 
tubes. 

High Vacuum Rectifiers come in 
eight "node's, are instant heating, 
have radiation-cooled pyrovac* 
plates and can be operated in a 
variety of rectifying and voltage 
multiplying circuits. Also avail-
able are four types of mercury-
vapor rectifiers. 

• For briber info, motion write our Application Eneineerirg department 

EITEL-McCULLOUCH, INC. 
SAN BRLIN3•CALIFORNIA 

E; port Agents Frazar & Hansen, 301 Cloy St., San Francisco, California 

•An Eimac trade dame. 

PROCEEDINGS OF TIIE I.R.E. September, 1953 81A 



Highly 
Sensitive 

Extremely 
Stable 

For use with Models 401, SOO and 700 series 
Heiland Recording Oscillographs . 82-6 
Bridge Balance Units... Model 119 Amplifier 
Systems. 

These new and greatly improved Heiland 
Galvanometers are designed and manufac-
tured to stand up under the most exacting 
operational and environmental conditions. 
All characteristics remain unchanged follow-
ing prolonged production tests wherein the 
galvanometer is subjected to continuous ac-
celerations in excess of 125g. Zero drift in 
most Heiland Galvanometer types will not exceed .00I"UT 
even in unheated magnet blocks. A standard balance of 
.010"/g is supplied in all galvanometer types at no additional 
charge. Heiland Galvanometers are available in natural fre-
quencies of 40 to 3300 cps. and sensitivities such that ordy a 
few microamperes provide full scale deflection. Heiland Gal-
vanometers can be supplied in both electrically and fluid 
damped types. In the fluid damped types there is absolutely 
no loss of damping fluid due to "creep" or spilling regardless 
of temperature, altitude, position and acceleration in excess 
of 125g. 

Other Features Include... 
• Solid case construction • Horizontal and vertical adjustment 

u • Completely dustproof is raild and simple 

• Rotational limit stop • Investigcte our exchange plan on 
this new and improved 

• Improved c ctor terminal galvanometer 

Write or wire for further details and catalog... 

Heiland Research Corporation 
130 EAST FIFTH AVENUE • DENVER 9, COLORADO 

DREXEL INSTITUTE OF TECHNOLOGY, 

STUDENT 

BRANCH 

MEETINGS 

IRE-AIEE BRANCH 

"Transistors," by Frank Kiper, Pltilco Corpora-

tion; July I, 1953. 

NORTHEASTERN UNIVERSITY, IRE-A IEE BRANCH 

Field trip to Salem Harbor Station, New Eng-
land Power Company; July 10, 1953. 

UNIVERSITY OF WASHINGTON, IRE-AIEESRANCII 

Film, "Atom Bomb Test at Bikini"; May 26, 
1953. 

The following transfers and admissions 
were approved and will be effective as of 
September 1, 1953: 

Transfer to Senior Member 

Anderson. w. C., 56 Sound View Dr., Greenwich, 
Conn. 

Barron, F. E., 501 Old Farm Rd., Pittsburgh 34, Pa. 

Baumgartner, W. S., 616 S. Orange Ave., Monterey 
Park. Calif. 

Beers. R. A.. 325 W. Graisbury Ave.. Audubon 6. 
N. J. 

Bertie, C. E., 1828 Elizabeth Ave.. Winston-Salem. 
N. C. 

Bliss, G. B., 603 N.W. 10 Ave., Gainesville, Fla. 
Bundy, R. C., Dept. 104. Hughes Aircraft Com-

pany, Tucson. Ariz. 

Burr, R. P., Hazeltine Corporation. 58-25 Little 
Neck Pkwy.. Little Neck. L. I., N. Y. 

Coundieris, A., 34-20-74 St., Jackson Heights. 

L. I., N. Y. 

Eckert, J. P., Jr., 2300 W. Allegheny .‘ ve., Phila-
delphia 29, Pa. 

Etkin, H. A., 2 Midwood Lane, Levittown, Pa. 

Feldt, R., 875 W. 181 St., New York 33. N. Y. 

Forstall, E. L., 1500 Flat Rock Rd.. Penn Valley, 
Narberth P.O., Pa. 

Glinski. G., 14 Dunvegan Rd.. Ottawa, Ont., 
Canada 

Goodman. R. M., 9355 Annapolis Rd.. Philadelphia 
14, Pa. 

Greene, H. A., Jr.. 125 Alberta Ave., San Carlos, 
Calif. 

Greenwood, J. H., Radio Station WCAE. Inc., 530 
Carlton House, Pittsburgh 19. Pa. 

Hansen, E. L., 224-04-93 Rd.. Queens Village 8. 
L. I., N. Y. 

Herz, A. J.. 22 W. Monroe St., Chicago 3, III. 
Huggins, R. A., Huggins Laboratories, 700 Hamil-

ton Ave., Menlo Park, Calif. 

Hulick, H., Jr., Radio Station WPTF. Insurance 
Bldg., Raleigh, N. C. 

Husten, B. F., National Bureau of Standards. 

Corona, Calif. 

Katz, L., 1760 Silverlake Blvd., Los Angeles 26, 
Calif. 

Lane. C. R., 166 Green Hill Rd., Westwood, Mass. 
Latour, M. H., 1124 N.W. 14 Ave., Gainesville, Fla. 
Lybarger, S. F., 306 Beverly Rd.. Pittsburgh 16, 

Pa. 

(Continued on page 84A) 
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AIR- SPACED ARTICULATED 

CABLES 
offer a unique combination of 

FRACTIONAL 
CAPACITANCE 

HIGH 
IMPEDANCE 

MINIMUM 
ATTENUATION 

ALONG WITH 

EXCEPTIONAL 
FLEXIBILITY 

LIGHT WEIGHT 

38 STOCK TYPES 
FOR ANY OF YOUR STANDARD 

OR SPECIAL APPLICATIONS 

A few of the 
very low capacitance types 

are: 

Capacitance Type No. Impedance O.D. 
pp. Fift. ohms 

C.44 
C.4 

C.33 
C.3 

C.22 

C.2 

CI 

4.1 
4.6 
4.8 

5-4 
5.5 
6.3 
6.3 

7.3 

252 

229 

220 

197 

184 

171 

173 

150 

1.03' 

1.03' 

0.64' 
0.64' 

0.44" 

0.44" 

0.36' 

0.36' 

WE ARE SPECIALLY ORGANIZED TO HANDLE DIRECT 

ORDERS CA ENQUIRIES FROM OVERSEAS 

SPOT DELIVERIES FOR U.S. 

BILLED IN DOLLARS— SETTLEMENT BY YOUR CHECK 

CABLE OR AIRMAIL TODAY 

TRANSRADIO 
CONTIUCTORi TO / LTD. 
N.M. GOVERKMENT 

138A CROMWELL RD., LONDON, S.W.7 
ENGLAND 

CANES: TRANSRAD LONDON 

etic Materials 
Standard. Designs--Special Shapes 

Permanent Magnets 

Magnet Design— Bulletin 151. Written 
for the design engineer. Covers ap-
plication, properties, design prob-
lems and testing of permanent mag-

nets. 

Standard Magnets— Catalog SM-1252. 
Complete data with dimensional 
drawings of standard magnets of-
fered from stock for working models, 
small requirements, without special 
tooling. 

Core Materials 

Laminations— Bulletin L-752. Data on 
stamped silicon- iron laminations 
covering material applications, gen-
eral specifications, typical value 
graphs. Also covers T & S OrthoSil 
oriented materials. 

Wound Cores— Bulletin WC-353. New 
bulletin describing T St S Wound "C" 
and Toroidal Cores. Complete with 

specifications and value graphs. 

Select the bulletin or cat-

alog you need— write 
Thomas & Skinner today. 

Catalog 
SM-1252 

Bulletin 
L-752 

Bulletin 
WC- 353 

THOMAS & SKINNER Steel Products Company, Inc. 

1125 EAST 23RD STREET, INDIANAPOLIS 7, IND. 
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Try Remler for Service- Tested 
"Hard- to- Get" Components 

SILASTIC RUBBER SHOCK MOUNTS 
(„1; Ideal for sub- panel mounting. Isolates tules 

from shock and vibration. Mount retains com-

pliance from minus 70° to plus 480°F. Invaluable 
for military and airborne equipment. 

etele-ee, 

eternieenefreee 
Metal- plastic components 

designed and manufactured 

to order. Write for quota-

tions specifying electrical 

and mechanical character-

istics. Describe application. 

No obligation. 

MINIATURE TUBE CLAMP 
2 Corrosion resistant. Holds miniatures in 

sockets under severe conditions of shock and 
vibration without restricting air circulation. 
Easy to insert and withdraw tubes. Three sizes. 

Remler Company Ltd. 
2101 Bryant St. San Francisco 10, Calif. 

(57elee /9e*PIONEERS IN ELECTRONICS AND PLASTICS 

NEW "PARAFORMED" vrc:ULD PAPER TUBES 

leq>• with EMTSIDE WALLS 

DO YOU HAVE A 
SPACE PROBLEM? 

Eliminates squeezing 

operation of finished 

coil and possibility of 

shorts due to fractured 

enamel insulation. 

WRITE ON COMPANY 

LETTERHEAD FOR 

STOCK ARBOR LIST 

OF OVER 2000 SIZES 

For the first time, a paper tube like this—developed and 
perfected by PARAMOUNT after years of research! No 
artificial heat or pressure is used in its manufacture— 
"PARAFORMING•' takes place at the time of actual winding. 
No sharp outside edges to cut the wire during winding of 
coils. Has great rigidity and physical strength. Permits coil 
manufacturers to hold much closer tolerances. No need for 
wedges to tighten the winding on the laminated core. 
Coils can be automatically stacked much faster, too. The 
new "PARAFORMED" tubes are approved and used by 
leading manufacturers. And they cost no more! 

Paramount PAPER TUBE CORP. 
617 LAFAYETTE ST., FORT WAYNE 2, IND. 

Standard of the Coil lUnding industry for Over 20 } í'ars 

(Continued from page 82A) 

MacGregor, W. R.. 1707 II Si., N.W., Washington 

6. D. C. 
Martin. C. B., 508 S. Johnson Ave.. Urbana, III. 

Mazur, D. G.. 208 Modoc Lane, Washington 21, 
D. C. 

Merin'', F. 1-1.. Erie Railroad Company, Midland 

Bldg., Cleveland, Ohio 

IctIoney, L. M., 2467 Ilart land Ave.. St. Louis It, 

Mo. 

Meneley, C. A.. 2340 — 19, Cuyahoga Falls, Ohio 

\Inquiry. E. J., 355 San Luis ye.. Los Altos, Calif. 

Oliver. B. M.. 395 Page Mill Rd., Palo :MU), Calif. 

Price. R. L.. 756 S. Highland Ave., Barrington. Ill. 

Ramberg, E. G., RCA Laboratories, Princeton. 

N. J. 

Rogers. S., Engineering Dept., Convair, San Diego 

12, Calif. 

Samsky, B. S., Saratoga Industries, Box 422, Sara-

toga Springs, N. Y. 

Scillian, G. 11612 Georgia Ave.. Silver Spring, 
Md. 

Smit Ii, B. IL, 1171 :rizzly Peak Blvd., Berkeley 8, 

Calif. 

Snedeker, M. L., 5300 Arehmere Ave., Cleveland 9. 

Ohio 

Snyder, R. 1.., Jr., 270 Linden St., Moorest.rwit 

N. J. 

Stank°, E., 209 Crest Ave., Haddon Heights. N. J. 
Talbott, E. P., 2210 Caples St.. El Paso. Tex. 

Stuetzer, O. M., R.D. I. Sp. ingrield, Ohio 

Thorp, W. E., 7371 W. 83 St., 1...s Angeles 45, Calif. 

von Trentini. G., 1790 Ro,,eni. Florida FCNC.1411/41, 

Buenos Aires. igentina 

Waddell, J. F., .4288 Sweet Dr., Lafayette, Calif. 

Wood, G. W., Defense Research Laboratory. Box 

8029, Austin 12, Tex. 

Admission to Senior Member 

Best, N. R., 2014 ‘Vartlinan Rd., ‘Vashington IS 

l). C. 

Castanias, J. E., 905 Neal Ave., Dayton 6, Ohio 

Collins, J. 1... Statler Bldg., Boston 16, Mass. 

Cummins, J. W., 4 Clitickwag.in Rd., Rolling Hills. 
Calif. 

Edwards, R., Box 66, Asbury Park, N. J. 

Egolf, R. S., 90 Eighth .Ave., Brooklyn IS, N. V. 

Kettler, A. II., RCA Victor Division, 14Idg• 13-5. 

Camden, N. J. 

Lennert, F. G., Jr., 745 I,,vergreen St., Menlo Park, 

Calif. 

:11.1,a !land , J. E.. Nassau Rest...rel. & Develtunnent 

Associates, 66 Main Si., Alineola, L. I., 

Mengel, J. T., 9132 Bradford Rd., Silver Spring, 
Md. 

Oleesky, S. S.. 1627 S. Sherbourne Dr., Los Angeles 
35, ('alif. 

Rich, E. S., 7 Pierce :\ ve., Wakefield, Mass. 

Richardson, O. L., Sylv..nia Fl....trk. Products. Inc., 
1740 Broa.lway, Vu irk 19, N. V. 

Rockwell, G. O., Run. 252-14, Humble Bldg., 

Houston I, Tex. 

Rueger, I,. J., rilenallen Ave.. Silver Spring, Md. 

Selsted, W. T., 3960 Alart in 1)r., San Mateo, Calif. 

Straiton, J. W.. 8(u6 Leggett 1)r., Abilene, Tex. 

Veley, II. N., 369 S. St. Nlarys St., St. Marys, l'a. 

Weiser, R. V., 253 S. Brady St., 1)tiliois, l'a. 

Williams, M. A.. 7816 Stewa. t .\ ve., Los Angeles -15, 

Calif. 

Wyman, J. 14., Box Si I, Laurel .Ave., 
N. J. 

Transfer to Member 

Bartels, W. S., Lexington Park. Md. 

Bruna, R. F., R.D. 1, Box .36, Libertyville, Ill. 

Cochran, J. 2839 N. Tacoma St., Arlington 1.3, 

Va. 

Cormack, W. J., Jr., 419 Webster St., Cary, N. C. 

Corns, R. B., 517 Cole St., Raleigh, N. C. 

Crawford, E. W., 123 W. 74 St., New Vork 23, N. V. 

(Continued on page 86A) 
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FOR APPLICATIONS IN RADAR, TELEMEFERING, DIGITAL COMPUTING, TELEVISION, NUCLEAR PHYSICS 

Coincidence Detector, Type 
120IB, another of the 
basic elements in Bur-
roughs' line cf " Unitized" 
Pulse Control Equipment. 

.--, c-, ...,.. • • -. i :• ,-...- ...-_-_, Q"i.),-,-

- 
el:Y-›: ,:-..-. 

- 
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CrO 

u(“-- - - 

cte 

-711— k; 

"Unitized" Pulse Control Equipment 

permits fast, easy readaplation of electronic -Les1 circuils 
Speedy assembly of electronic testing 
equipment is one big advantage you 
gain when you use versatile Burroughs 
pulse control units . . . but there is 
another tremendous advantage that only 
"Unitized" equipment offers. Since each 
Burroughs unit performs just one basic 
operation—such as generating, counting, 
mixing, gating, or delay—it's easy to 
reassemble equipment for a different project 
when one set of electronic tests is com-
pleted. You simply make a block 
diagram of the new circuit needed and 
rearrange the cables to correspond to 
your diagram. This flexibility permits 
you to quickly perform tests which other-
wise might require a very long time or 
not be undertaken at all. 

SIMPLY "PLUG IN" 

BURROUGHS COINCIDENCE DETECTORS 

Both of the coincidence detectors offered 
by Burroughs demonstrate the practical 
one-basic-function principle that makes 
Burroughs " Unitized" Pulse Control 
Equipment so suitable to your needs. 

Burroughs Coincidence Detector, Type 
1201B shown here), is designed to detect 
coincidence between the output signal 
of a flit-flop and 0.1 microsecond pulses. 
Two inputs are provided for each unit. 
One accepts 0.1 microsecond pulses with 

amplitudes of 12 volts or more. The 
other accepts the output of Burroughs 
Flip-Flop, Type 1101C or equivalent. 

Burroughs "Unitized" pulse control 
assemblies have been in constant use for 
more than two years. Their proved 
dependability has led to their use 
by many leading electronic research 
organizations, including: Massachusetts 
Institute of Technology, Consolidated 
Engineering Corporation, The Catholic 
University of America and Magnetics 
Research Company. 

For full information on Burroughs " Unified" Pulse Control Equipment, write or call Department 

Electronic Instruments Division, Burroughs Corporation, 511 North Broad Street, Philadelphia 23, Pa. 

PULSE GENERATORS 
COINCIDENCE DETECTORS 

PULSE DELAYS 
FLIP-FLOPS 

PULSE GATERS 
CHANNEL SELECTORS 

MIXERS 

ELECTRONIC INSTRUMENTS DIVISION 

1"13 urrou 
THE BEST KNOWN NAME IN OFFICE MACHINES 
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CANNON 

PLUGS 

C SERIES 

GB SERIES 

sER1ES 

U SERI" 

get good reception 

UA SERIES 

X SERIES 

XK SERIES 

XL SERIES 

XKW-B1 SERIES 

K SERIES 

TELEPHONE RECORDER 

WRITE FOR 

PRICE FOLDER 

CPL-6 

The high quality audio connectors shown 
above are available from all Cannon Fran-
chised Distributors. In their great variety of 
sizes, shapes and contact arrangements there 
is no problem or technical requirement in the 
radio, sound, TV or related fields that cannot 
be met. Cannon plugs are standard on leading 
makes of audio equipment and microphones. 

CANNON ELECTRIC 
Since 1915 

Factories in Los Angeles, Toronto, New Haven, Benton Harbor. Relate. 
sentatives in principal cities. Address inquiries to Cannon Electric Co., 
Dept. 1-377, P.O. Box 75, Lincoln Heights Station, Los Angeles 31, Calif. 

(Continued from page 84A) 

Davis, C. R., 2745 Morton Dr., Springfield, Ohio 
DeMedeiros, L. A., Ave. Copacabana 1386, Apt. 

802, Rio de Janeiro, Brazil 

Detchemendy, J. A., 818 S. Kingshighway Blvd., 
St. Louis 10, Mo. 

Duvall, G.. 408 N. Greenwood Ave., Ft. Smith, Ark. 

Egan. W. G., 107-56-113 St., Richmond Hill 19, 

N. Y. 
Endres. R. 0., 310 Pleasant Valley Ave., Moores-

town. N. J. 
Fromanger, A. L., 79 Park Row Ave., N., Hamilton, 

Ont., Canada 
Gates, R. E., 40 Cedar St., Ajax, Ont.. Canada 

Harmon, W. R., Jr., 1068 W. Fourth St., Winston-
Salem, N. C. 

Irwin, R. P., 13 Coe Ave., Hillside 5, N. J. 
Johnson, M. A., R.D. 1, Totman Rd., E. Syracuse, 

N. Y. 
Kinnier, D., 131 Hewett Rd.. Wyncote, Pa. 

Kounalis, L. E., 7705 Rosemead Blvd., Rivera, 

Calif. 
Lloyd, A. T., 1650 S. Huntington St.. Pomona. 

Calif. 

Maki, C. E., 3236C A St.. Sandia Base, Albu-

querque, N. Mex. 
Neuei A. G., 1609 W. North Ave.. Chicago 22, 

Mitchum, M. NI., 1000 Lynwood Dr., Rolla, Mo. 

Odell. A. C., R.D. 3, Box 370A. Orange, Tex. 
O'Farrell, J. J., Jr., Westview Terr., R.D. 2. Red 

Oaks Mill, Poughkeepsie. N. Y. 
Pearsall. S. H., Spring Valley Rd., Donelson. Tenn. 

St. Vrain, W. E., 408 Par Lane, Kirkwood 22. Mo. 
Schafitz, S. A., Willow Run Research Center, 

Group 4420, University of Michigan, 

Ypsilanti. Mich. 
Skitek, G. G., 1210 Iowa St., Rolla, Mo. 
Sprung, R. A., 84 Pangborn Pl., Hackensack. N. J. 

Steiner, J. L, 3368 6/D Echeverria. Buenos Aires, 
Argentina 

Talney, T. E., Department of Electrical Engineer-
ing, University of Michigan, Ann Arbor, 

Mich. 
Tipping. C. C., 266 Juniper° St., Redwood City, 

Calif. 
Woods, H. D.. 232 N. Frederick, Burbank, Calif. 

Zielinski, C. A.. 1339 Wisconsin Ave., N.W., Wash-
ington, D. C. 

Admission to Member 
Abu-Kandeel. A. A., Egyptian State Broadcasting 

Abu-Zaabal, Cairo, Egypt 
Affrunti, A. J., 350 S. Keeler Ave., Chicago 24, III. 
Agerholm. M., 744 Ukiah Way, Upland. Calif. 

Aldrich, D. F., 1030 Hoffman St., Elmira, N. Y. 
Anfenger, E., 83 Englewood Ave., Brookline. Mass. 

Arnold, C. E., 43 Collamore St., Milton 86. Mass. 

Baker, D. A., 2305 Foster Ave., Baltimore 14. Md. 
Ballew, H. W., 303 Brook Manor, Huntsville, Ala. 

Barnette, L. A. M.. 4801 Linden St., Bellaire, Tex. 
Beckwith, J. E., 635 S. Flores St., San Antonio, Tex. 
Blount, E. M., 318 S. Mill St., Plainfield, Ind. 

Branker, H. E., 299 Meadowbrook Rd., N. Merrick, 

L. N. Y. 
Brown, J. M., 924 Hardin St., Westfield, N. J. 
Buchmeier, H. P. G., 238 Roslyn Rd., Winnipeg, 

Man., Canada 
Caruth, J. L., 6902 Kennison St., Dallas, Tex. 
Chamberlain, J. T., R.D. 3, Box 298, Gaithersburg, 

Md. 
Cosentino, A. A., 661 E. 243 St., New York 70, 

N. Y. 
Crouch, P. W., "Leusdon." 141 W. Town Lane. 

Bristol 4, England 
Diamond, M., Rm. 603,301 Vaughan St., Winnipeg. 

Man., Canada 
Dosher, R. T., Jr.. 1706 S. Farola Dr., Dallas, Tex. 
Eddins, W. T., do Radiation, Inc., Melbourne, 

Fla. 

(Continued on page 88A) 
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reality 
th rough 
research 

Now especially, in 
• this age of push 
button and feed back 

controls, Potter & Brumfield 
relays, contactors and 
electro-mechanical 
actuators contribute 
greatly to the plan-
ning and production 
of better products. 
P & B offers 
today's designer 
reality through 
research 
. . . unlimited 
horizons for 
product develop-
ment with many 
new versatile 
mechanisms 
specifically designed 

to meet his needs 
fgj  

mifliatui1zatjon 

Tiny SM relay typi-
fies miniature de-
sign. Sealed version 
weighs less than an 
ounce; measures 
W  x 17/8' 

ruggedizat ion 

LK Series, electrical 
latch-electrical re-
lease relay, with-
stands 10-G vibra-
tion, 50-G saock. 

sensitization 

Ultra-sensitive SS 
relay provides oP-
eratioi with, sensi-
tivity range from 1 
MW to 2W. 

acclimatization 

Hermetic sealing 
nrotects individual 
relays or multiple 
groups from dust. 
fumes,moisture.etc. 

Your inquiries are invited. Write for 
new Catalog No. 122 illustrating relays 
for every application. 

t4444 ielx1 

PRINCETON, INDIANA> 

Export: 13 E. 40th St., N. Y., N. Y. 
Sales Offices in Principal U. S. and 

Canadian Cities 

ATTENUATION HITS 

f-

tRoso 
IN NEW SHIELDED ENCLOSURE 

Air- Conditioned • Portab * WeatherprDof 

Now! Attenuation of radio fre-
quency energy higher than ever 
before . . . attenuation over the 
widest frequency range ... attenu-
ation beyond measure over 1 mc 
with present instruments. 

All this becomes reality in the 
new RFI Shielded Enclosure. Built 
of heavy copper sheet panels— 
solid floors, solid walls, solid ceil-
ings—this new enclosure shuts r-f 
interference in or out more effec-
tively than any other type of struc-
ture. The reason? Patented Lindsay 
Construction— in which solid cop-

per panels are joined at rigid, 
copper-plated steel channels and 
tightly bolted together. Tensioners 
at the seams, further serve to stop 
any interference that might find its 
way through the almost leak-proof 
channel and panel joints. 
The result is a revolutionary 

advancement in shielding effective-
ness. An independent laboratory 
conservatively plotted it for 100 db 
from . 15 mc to 1000 mc. Beyond 
that, to the limit of its testing 
apparatus. 

This unique construction also 
offers you the greatest strength-to-
weight ratio. Superior rigidity en-
ables you to mount the enclosure 
on a truck as a mobile unit. Or, 
carry it to a testing station. Unload 
it. And later move it to another 
location, all without disassembling. 
Weatherproofed, RFI Shielded 

Enclosures can withstand the rigors 
of climates hot or cold, damp or 
dry. For warmer climates, they can 
be air-conditioned with units of 
any size. 

Actually there's no end to the 
many advantages you'll find in this 
new type of shielded enclosure. 
Bulletin No. 2 gives most of the 
details. Write, wire, or phone for 
your copy now! 

RFI SHIELDED ENCLOSURES 
CORPORATION 

3634 N. Lawrence Street • Philadelphia 40, Pa. • Phone: REgent 9-2537 
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"CASE" these Cabinets 
. . . for QUALITY 

Inspect the fine detail and craftsmanship which stands out even in 

the photograph above. When Riester and Thesmacher handles your 

sheet metal job, your product is more efficiently housed—and at 

possibly lower cost. Submitting your blueprints to us will bring our 

prompt quotation—and the help you may need for improved sheet 

metal fabrication. 

Aluminum Spot Welding • Heliarc Aluminum Welding 

88.‘ 

MANUFACTURERS 

Speciol Steel Equipment 

Metal Coses — Cobinets 

CONTRACTORS 

Sheet Metal 

Building Products 

VENTILATION, 

AIR CONDITIONING 

REPRESENTATIVES 

Frank W. Taylor Co. 

P.O. Box 316, DeWitt, N.Y. 

Kenneth E. Hughes Co. 

17 W. 60th St., New York 23, N.Y. 

Paul R. Sturgeon 

25 Huntington Ave., Boston 16, Mass. 

Samuel K. Macdonald, Inc. 

1531 Spruce St., Philadelphia 2, Pa. 

William E. McFadden 

150 E. Bread St., Columbus IS, Ohio 

THE 
RIESTER & THESMACHER 

COMPANY 
1526 W. 25TH ST. CHERRY l• 0154 

CLEVELAND, OHIO 

(Continued from page 86A) 

Eisner, W., Signal Division, Ilq. USAREUR Corn. 

Z, APO 58, co I'M, New Vork. N. V. 

Ewing, J. H.. 6100-18 Rd., N., Arlington. Va. 

Frauman, C. I., 241 Leda Dr., Dallas, Tex. 

Hawley. O. D., 1332 Claranette Ct., Owensboro, 

Ky. 

Henry, F. T., 1345 Pennsylvania Ave., Williams-

port. l'a. 

Herbert, N. J., R.D. I, Coopersburg. l'a. 

Hicks, C. S., 209 Newburg Ave., Catonsville 28, 

Md. 

Joost, A. E., 192 Orchard Lane, Columbus 14, 

Ohio 

Jurgen, R. K., Sutton Publishing Company, 172 S. 

Broadway, White Plains, N. V. 

Jurskis, A., 1313 W. Jerome St., Philadelphia 40. 

Pa. 

Ladd, J. H.. Color Technology Division, Kodak 
Park Bldg. 65. Rochester 4, N. V. 

Lawrence, S., 245 Hawthorne St., Brooklyn 25, 

N. V. 

Lebail, 1'. E., 67 rue d'Amsterdam, Paris 8, France 
Levy, J. E.. 9607 Bellevue Dr.. Bethesda 14, Md. 

Lewis, G., c/o Loral Electronics Corp.. 794 E. 140 

St., New York 54, N. Y. 
Lippincott, E. \V., 411 W. Plum. Centralia, Wash. 

Madill, C. L., 1138 Old Esquimalt Rd., Esquimalt, 

B. C., Canada 

Man. J. V., 109 S. Cicen) Ave., Chicago, III, 

Marsden, R. S., Jr., Research Department, Phillips 

Petroleum Company, Bartlesville», Okla. 

Mayer. D. B., 6710 McCallum St.. Philadelphia 19, 

l'a. 
McCauglunt, J. R., 226 E. Anapamm Santa Bar-

bara, Calif. 
NIcCollom, K. A., 270 Linden Dr., Idaho Falls, 

Idaho 

Mundy. J. L., 1115 Normahill Dr., Pittsburgh 1, 

l'a. 
Murachver, J., 151-153 Needham St., Newton. 

Mass, 

Pareseau, P. H., 65 Cutler St., Worcester 4, Mass. 

Pokorny, J. J., 815 Grand Ave.. Dayton, Ohio 
Porter. It. W., 5328 N. Downey Ave., Long Beach 

11, Calif. 
Reese, I. C., 7221 Wyandotte St.. Kansas City, Mo, 

Reynolds, C. I.., 1511 Linden Ave., Owensboro, Ky. 

Rothschild. M., 50 S. Wall St., Avon, N. J. 

Saylor, R. R., 6510 Alta Ave., Baltimore 5, Md. 

Scholes. H. M.. 1419 Raymund° Ave., Los Altos, 

Calif. 

Siedband, M. P.. 2857 W. Coldspring Lane, Balti-

more IS, Md. 

Sievers  S S, R.D. 2, Box 680G, El Cajon, Calif. 

Slawson, W. J., 9 Stuyvesant Oval, New York 9, 

N. Y. 
Smith, J. H., 6000 Lenunon Ave., Dallas, Tex. 

Stein, D. R., 166-05 Highland Ave., Jamaica 32, 

L. I., N. V. 

Strang, D. B., 117 Middlesex Rd., Waltham, Mass. 

Thompson, D., Box 367, Blacksburg. Va. 

Uyeda, V., R.D. 5, Box 189, Lancaster, l'a. 

Wallace, R. P., Mycalex Corporation of America. 

Clifton Blvd., Clifton, N. J. 

Weeks, R. M., 3210 Culver St., Dallas 10, Tex, 

Wildermuth, J. R., 826 N. West St., Carlisle, Pa. 

Winn, D. L.. 114 E. Capitol. Little Rock, Ark, 

Zelinger, F. F., 1816 N.W. 15, Oklahoma City, Okla. 

The following elections to Associate were 
approved and are effective as of August 1, 
1953: 

Aller, J. C., 1153 W. Cedar, Oxnard. Calif. 

Allott, A. J., 606 Brookside Ave.. Wayne. Pa, 

Bartel, W. B., 1220 Kolle Ave.. S. Pasadena, Calif. 

Beaizley, W. H., Computing Devices of Canada, 

Ottawa, Ont., Canada 

Bee, R. E., 260-29-74 Ave., Glen Oaks, L. 1., 

N. Y. 

(Continued on page 90A) 
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The Model 1SA provide. direct means of 
rapid, ac:urate measurement of spectral dis-
play of r. f. sigrals from 10 to 21,000 MCS 

REPRESENTATIVES: Albuquerque 

Los Angeles 

10 mc 
to 

21,000 mc 

Saves Engineering Manhours 
The Model LSA Spectrum Analyzer is 
Polarad's answer to rising engineering 
costs when high performance and 
economy are essential. 

This unique engineering tool helps 
get results faster with fewer personnel 
and in less space. Because of its ultra 
simplicity, tremendous frequency 
coverage and remarkable instrumenta-
tion the Model LSA can handle almost 
any problem in the radio spectrum t10 
mc to 21,000 mc) with the greatest of 
ease, reliability and accuracy. 

How The Model LSA 

Cuts Production Costs 

In the factory, Model LSA's simplic•ty 
of operation, direct reading and "GO-
NO-GO" electronic display speeds 
production and cuts costs. Uniform 
quality and high performance of your 
complete equipment is assured by 
checking it with a Polarad Spectrum 
Analyzer. 

Expensive personnel training pro-
grams are eliminated by the Model 
LSA, which often actually takes the 
place of the microwave specialist and 
frees engineers for other work. For 
further details contact your nearest 
Polarad representative or write direct 
to us. 

FEATURES: 
Frequency Range 10 nic-
21,000 mc; 4 tuning heads 
Accuracy Freqtency 
Calibration-1% 
Spectrum Disp.ay varable 
from 250 kc tc 25 rrr: 
Frequency MarXer for measur-
ing frequency differences 
of 0-25 mc 
Broad Band R.F. Attenuators 
10 mc-12,000 mc 
Automatic Voltage se ector for 
each tuning head 
Single Dial Control 
Direct Frequenf.:y Reading 
Spectrum Disp ayed on 5" 
cathode ray tuDe 

USES: 
Examine pulse spectrum of 
magnetrons and klystrons 
Measure noise and irter-
ference spectrum 
Act as broad band receiver 
from 10 mc to 21,000 mc 
Observe and measure harmonic 
frequency diffr rencei 
Measure band width of 
microwave cavities 
Calibrate microwave oscilla-
tors and preselectoru 

More Megacycles Per Dollar Than Any Other Instrument 

Polarad Electronics Corporation 
100 Metropolitan Avenue, Brooklyn 11, N. Y. 

• Atlanta • Boston • 

New York • Ontario 

Chicago • Cleveland • Fort Worth • Kansas City • 

• Philadelphia • San Francisco • Sea•tle • Syracuse 
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MODEL 

S-4-A 

Size: 

91/4 " x11 1/1" x17 1/4 " 

31.5 Pounds 

ANOTHER EXAMPLE OF I t ateiznzwz PIONEERING... 

The SAR PULSESCOPE, model S- 4-A, is the 
culmination of :ompactness, portability, and pre-
cision in a pulse measuring instrument foi radar, 
TV and all electronic work. An optional delay of 
0.55 microsecords assures enre observation of 
pulses. A pulse rise time of 6.035 microseconds is 
provided thru the video amplifier whose sensitivity 
is 0.5V p to p/ir ob. The response extends beyond 
11 MC. A and S sweeps cover a continuous range 
from 1.2 to 12,C00 Écroseccrds. A directly cali-
brated dial permits R sweep delay readings of 3 
to 10,000 microseconds in three ranges. In addl. 

tion, R sweeps are continuously variable from 

2.4 to 24 microseconds; further expanding the 
oscilloscope's usefulness. Built-in crystal markers 

of 10 or 50 microseconds make its time measur-

ing capabilities complete. The SAR PULSESCOPE 

can be supplied directly calibrated in yards for 

radar type measurements. Operation from 50 to 

1000 c.p.s. at 115 volts widens the field application 

of the unit. Countless other outstanding features 

of the SAR PULSESCOPE round out its distin-
guished performance. 

WATERMAN PRODUCTS CO., INC. 
PHILADELPHIA 25, PA. 

CABLE ADDRESS, POKETSCOPE 

MEMO •• 

WATERMAN PRODUCTS INCLUDE 

90A 

WATERMAtil PRODUCTS 

S-5-A LAB PULSESCOPE 

S- 11-A INDUSTRIAL POCKETSCOPE" 

S- 12-B JANized RAKSCOPE" 

S- 14-A HIGH GAIN POCKETSCOPE 

S- 14-B WIDE BAND POCKETSCOPE 

S- 15-A TWIN TUBE POCKETSCOPE 

Also RAYONIC Cathode 

Ray Tubes and Other 

Associated Equipment 

PROCEED 

(Continued from page 88A) 

Benning, G. L.. 522 Madison, Fort Wayne, Ind. 

Biernson, G. A., Servomechanisms Laboratory. 
Massachusetts Institute of Technology, 

Cambridge, Mass. 

Bird, II. H., Hainesburg. N. J. 
Blake. R. F., 739 Hilltop Tern, S.E., Washington 

19, D. C. 
Blanchard, M. A., 4035 Prairie Ave., Brookfield, 

Bosch, C., The Electrons Corp., 1064-1070 Clinton. 

Irvington, N. J. 
Brittain, J. F., Hq. USAFE A-2, APO 633. c/o PM, 

New York, N. Y. 

Cantafio, L. J., RCA Victor, Bldg. 13-7, Sec. 581. 
Camden, N. J. 

Chase, R. J., 501 W. Bridge St., Streator. Ill. 
Cory, H. E., Ail Prod. Res. Age. MCLAPRD-1, 

Bldg. 288, Area A, Wright-Patterson AFB. 
Ohio 

Collins, T. E., 1500 N. May St., Joliet, Ill. 

DiScitillo, E. V., 141 S. Munn Ave., East Orange. 
N. J. 

Drake, W. A., Y.M.C.A., 350 N. Garey, Pomona, 

Calif. 
Dratch, J. E., 4227 Belmar Ave., Baltimore, Md. 

Eddlemon, C. E.. 166 W. North Ave.. Chicago, Ill. 
Eldridge, G. C.. Jr., 311 S. Princeton Ave., Wenonah, 

N. J. 
Emch, G. F., 1704 Cody Dr., Silver Spring, Md. 

Feldman, E. J., 6 Cherry St., Haverhill, Mass. 
Fine. A.. 5062 Milton Ave., Arlington, Calif. 
Fisher, F. M., 270 Comstock, Buffalo, N. Y. 
Fisher, R. J., 2204 Glass Rd., N.E., Cedar Rapids, 

Iowa 
Gabel. J. F., 4127 W. Eddy St., Chicago 41, Ill. 
Gardoff, I. M., 5 Manor Dr.. Newark, N. J. 

Girdardelli, L. R. L., Inst. Tecnol. De Aeronautica. 
Sao Jose Dos Campos, Sao Paulo, Brazil 

Glum, D. E., 7006 S. Maplewood Ave.. Chicago. 

;onsalves, L., 51 Jouvette St., New Bedford, Mass. 
Gracey, J. 0.. Box 775, Dickinson, Tex. 
Grausdin, P., 481 Simcoe St., Winnipeg, Man.. 

Canada 
Green, E. E., 285 Richmond Ave., Buffalo 22, N. Y. 
Haring, L. L., 18-48 Stein Way St., I.ong Island 

City, N. V. 
Harris, F. D., 1833 Jefferson PI., NW., Washington, 

D. C. 
Heacock, R. 1385 N. Foothill Blvd., Pasadena, 

Calif. 
Henry. R. F., 17 George Court. Hasbrouck Heights, 

N. J. 
Hicks, R. L., 221 Lime St.. Inglewood, Calif. 

Hood, R. T., National Research Council, Sussex 
St., Ottawa 2, Ont., Canada 

Lobel, P. K., Pity. Inst. Der. Univ., Klingelberg-

strasse 82, Basel, Switzerland 
effrey. R. C., Digital Computer Laboratory. 68 

Albany St., Cambridge 39. Mass. 
ohnston, D. L., 1336 W. Bryn Mawr, Chicago 40, 

ones. H. T., 1025 Hebron Rd., Hendersonville. 

N. C. 
ur, C. J., 3731 N. Sacramento Ave.. Chicago, Ill. 
Kay, L., 51 Lee Gardens Apts., Bristol, Va. 
Kirshner, J. M., 727 Kennedy St., N.E., Washing-

ton, D. C. 

Krackhardt, R. 11., Barnes Hill Rd., Berlin, Mass. 

Kreager, C. R., 4930 E. State Blvd., Foit W'ayne. 
Ind. 

eedy, R. L. S.. 70 Park St., Montclair. N. J. 

Leib, J. E., 2039 Venice, San Diego. Calif. 
..eit ner, B. B., 10525 Wellworth Ave.. I.os Angeles. 

Calif. 

icht, G. L., 2900 Clairmount Ave., Detroit, Mich. 
ongo. J. F.. 63 Old Oak Ave., Cranston 9, R. I. 
ubke, G. W., Box 7306, El Paso, Tex. 

Mabuchi, O., 38 Shimamachi. Nishikujo. Shimo-
avoku, Kyoto, Japan 

Iadden, P. G., 222 N. George Mason Dr., Arling-
ton, Va. 

(Continued on page 92A) 
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Here's the' tube that gives Wmca 
FREEDOM FROM ARC-OVERS-LOWER HUM! 

... a definite improvement 
in tube design," says WMCA 

Federal's Double Helical Filament — in Federal's F- 892 - R — has 
achieved an outstanding record of dependability at WMCA—Amer-
ica's Leading Independent Station, and First on New York's Dial. 
WMCA reports that these tubes "have given us complete freedom 

from arc-avers in maintaining continuously high modulation percent-
ages. Also, in our proof of performance runs we have found that these 
tubes have about: 2 Volume Units lower hum than tubes with regu-
lar filaments." 

Federal's F-892-R—wound through 360' for mechanical stability 
and carrying opposing electrical fields which provide improved elec-

trical stability — definitely eliminate bowing — one of the primary 
causes of filament-to-grid shorts! 

Sturdier, longer lasting and more economical, Federal's double 
helical filament tubes are the key to a new era of performance qual-
ity and operating dependability for 5 and 10 KW transmitters. Write 
for full information today, address Dept. K-337 

"Federal always has made better tubes" 

Petteral 
F-89211 

with the Federal-developed 

DOUBLE HELICAL 
FILAMENT 

• Does away with bowing 

• Grcatly increases tube 

performance and life 

Federal's F-892-R installed in Power Amplifier 
Section of WMCA's 5000-watt Transmitter 

Federal Telephone and Radio Corporation 
VACUUM TUBE DIVISION • 100 KINGSLAND ROAD, CLIFTON, N. .1. 

In Canada: Federal Electric Manufacturing Company, Ito., Montreal, P. Q. 
Export D•strobutors: International Standard Electric Corp., e Broad St., N. Y. 
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Further Proof of 

Getting to the bottom of things 
. . is most clearly demonstrated by what we are doing 

every hour of every day — year in and year out — to 
make a finer fixed CAPACITOR. 
One of the many things you as users are interested in is 

the " LIFE OF THE CAPACITOR" under a multitude of 
operating conditions. We in the FAST organization have 
spared no expense to give you honest-to-goodness answers 
on this important factor in providing quality capacitors. 
What follows is a summary of what we are doing to 

give you just that . 
I: RESEARCH and DEVELOPMENT TESTS 

AC and DC tests at tarious temperatures and 
voltages. 
1—Investigation of Impregnants: ( a) New im-
pregnants AC—synthetic and natural oils. DC— 
oils, resins and waxes. (b) Studies of impurities 
and additives. 
2—Investigation of electrode separators and elec-
trode materials: ( a) Modified kraft papers—low 
PF varieties and sundry densities. ( b) Films—re-
generated cellulose, polystyrene, teflon, " Mylar"*. 
Etc. 
3—Number of groups tested: AC; over 800 in-
volvinê more than 8000 units. DC; over 3300 
involving more than 70,000 units. 
4—Duration of tests: AC; many have been con-
tinuously under test for over 6 years. DC; many 
have been continuously under test for over 10 
years. 
5—Voltage range of tests: AC; 70 to 2400 volts 
at 60 and 400 cycles. DC; 140 to 44,000 volts. 
6—Temperature range of tests: AC; Room to 
130°C. DC; —55°C to + 150°C. 

JOHN E FA S T CO. 
Capacitor Specialists For 

Over A Third ol A Century 

North Pulaski Road, Chicago 41, III. 

WHEN YOU THINK OF CAPACITORS... THINK FAST" 

IL 

Fe' 
6 

9 

PRODUCTION TESTS 

.4. Alternating Current 
I—Heat runs on production lots—ultimate sur-
face temperature rise. 
2—Ultimate life hours of current ¡production 
(periodic tests run) 
B. Direct Current 
I—Civilian Production: (a) ultimate life hours 
of capacitors taken from current production. 
(These test runs comprise over 1600 groups 
involving more than 16,000 units) 
(b) Ultimate life hours of capacitors after being 
stored in cartons from 1 to 24 months under 
normal variations in humidity and temperature. 
(These test runs comprise over 230 groups in-
volving more than 2300 units) 
2—Military Production: (a) Test to applicable 
specifications ( Jan. C-25; Jan. C-91; U. S. Army 
71-1667; Etc.) 
(b) These test runs comprise over 3300 groups 
involving more than 19,000 capacitors. 
Please note Carefully: at least 80% of the 

115,300 capacitors included in the above tests were 
tested to destruction at voltages from VA to 4 
times rated and at maximum rated—or in excess 
of—operating temperatures. Many outside this 
group have not failed to date. Importantly too, 
this is a continuous policy of the company in sus-
taining our testing program throughout every day 
—year after year. 
So with pardonable pride may we suggest 

QUALITY CAPACITORS is more than a " catch' 
phrase" as applied to the FAST organization . 
and another link in the chain of GETTING TO 
THE BOTTOM OF THINGS? 
* Du Pont trade-mark lot Polyester Film 

O If performance and long 
life are the primary factors in your 
application of transformers, then 
submit your specifications to Acme 
Electric. Quality comes first in every 
Acme Electric transformer. 

ACME ELECTRIC CORPORATION 
MAIN PLANT: 449 Water Street • Cuba. N.Y. 
West Coast Engineering Laboratories: 1375 W. Jefferson Blvd.. 

Los Angeles. Calif. 
In Canada: Acme Electric Corp. Ltd., 50 North Line Rd.. 

Toronto. Ont. 

(Continued from page 90A) 

Manley, H. J., R.D. I, Rentchler Sta., Belleville, 

McClary, D. A.. 542 Rockwell St., Kent, Ohio 
McDaniel, D. Z.. 535 S. D St., Oxnard, Calif. 
McLaughlin, T., Loral Electronics Corp., 794 E. 

140 St., New York. N. Y. 
McLendon, J. T.. Jr.. Box 95, Hubert, N. C. 
NIeinholdt, D. W., 6100 Overlook Dr.. Dallas, Tex. 
Merlin, A. G.. 362 Peninsula Blvd., Lynbrook. L. 

N. Y. 
Minozuma, F.. 1163 Ohara-Michi, Meguro-Ku, 

Tokyo. Japan 
Moon, C. L., 1538 W. Latimer St., Tulsa, Okla. 
Moore, E. F.. Bell Telephone Laboratories, Inc.. 

Murray Hill. N. J. 
Muns, R. L.. 175 Thacker, Des Plaines, Ill. 
O'Malley, M., 243 Bon Air Ave., Hatboro. Pa. 
Paterra, A. F., 284 Edwards Pl.. Yonkers, N. V. 
Pankos. J. F., 1430 N. Hoyne Ave., Chicago, III. 
Pansch, H. J., 7490 Tech. Training Son., APO 207. 

Box 61, c/o PM, New York, N. Y. 
Pemmaraju, R. R., 12 Steenivasa Iyyer St., West-

mambalam, Madras, India 
Pesce. W. J., 255 Hill St., Waterbury 13, Conn. 
Phillips, A. IL 188-04— 64 Ave., Fresh Meadows, 

L. I., N. Y. 
Phillips. C. C., III, 1005 Woodside Ave.. Upland, 

Pa. 
Rager, D. M., Jr., 8603 Lindbergh Ave., Niagara 

Falls, N. Y. 
Ramon G. G.. 485 Gramatan Ave., Mt. Vernon. 

N. V. 
Ryan. H. T., Capehart-Farnsworth Corp., Fort 

Wayne, Ind. 
Sartory, J. J., 89-16-117 St., Richmond Hill IS. 

L. I., N. Y. 
Scoggin. W. G., Jr., 2317 Lyon St., Raleigh, N. C. 
Segel, D. L., 815 Levering Ave., Los Angeles, Calif. 
Shlonsky, L., 80 Van Cortlandt Park, S., New York. 

N. Y. 
Simkins, R. S., 30 Amby Ave., Plainview, L. I., 

N. Y. 
Skinner. N. W., 144 Clyde St., Hampton, Va. 
Stator, S. L.. 22 Seafort Ave.. Sandymount, Dublin, 

Ireland 
Speck, R. W., 170 Langley Ave., Toronto. Ont., 

Canada 
Sternbaclr„liLS. J., 1013 Andover Rd., Baltimore 18, 

i‘  

Stoleson, H. N., 3 AACS I et: M Sodn., APO 863, 
c/o PM, New York. N. Y. 

Stufflebeam. C. E., 1333 N. Utica, Tulsa, Okla. 
St uver, H. J., 3880 Lyceum Ave., Venice, Calif. 
Swink, J. E., 915 McKinley Ave., S. Norfolk, Va. 
Tindall, J. B., 2525 Balsam St., Suite 202, Van-

couver, B. C., Canada 
I raver, J. W., 313 Hermosa Ave., Vallejo. Calif. 
Ilrich, W. J., 5 (lent Rd.. Great Neck, L. I., N. V. 

Vance, P. R., R.D. 2, (; taybill Rd., Uniontown, 
Ohio 

Wears, L. R., 3008 Ferndale Si.. Kensington, Md. 
Windsor, R. N., 4 AACS. I & M SOIL, APO 207. 

c o PM, New Yolk, N. V. 
Wolaver. L. E., 408 Waneta Ave., Dayton 4, Ohio 
Wydro, W. S., 25 Mockorange Lane. I.evittown, 

Pa. 
t.iabel. C. W., 2300 Armitage Ave., Chicago 18, 

tuleeg, R., c o Tippett. III() Knox Rd., College 
Park, Md. 

33,000 IRE 
ENGINEERS 

will receive the 1953 
IRE Directory in 

September 
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Midget with the giant brain 

The 
Problem 

To design and 
build a computer 

for airborne 
automatic control 
systems— with 

severe restrictions 
imposed on size, 
weight and opera-
tion under extreme 

environmental 
conditions: in 

short, a coinputer 
that would be 
small, simple, 

reliable, 
rugged— and easy 

to build 
and maintain. 

One of the sub, unu.ut ofo ,,, t,hung circuits from the Hughes au rbOrrIP electronic 
digital computer is examined by Dr. Eugene M. Grabbe (right), Associate 
Had, Computer Systems Department, Advanced Electronics Laboratory, and 
Phil A. Adamson of the Technical Staff. 

AT HUGHES RESEARCH and 
Development Laboratories this 

problem was examined exhaus-
tively, and it was concluded that 
a digital computer offered the best 
means for satisfying the require-

ments because of its ability to 
solve complex problems accu-
rately and quickly. 

Because the requirements of 
this application could not be met 
by existing digital computers, 
owing to their large size, the 

following developments were 

undertaken: 

1. Simplification of the logical 
structure of the computer through 

the use of a mathematical theory 
of computer design based on 

Boolean algebra— but with reten-

tion of the operational versatility 
of a general-purpose computer. 

2. Development of ingenious 
circuitry to utilize the new logi-

cal designs. 

ADDRESS : Scientific and Engineering Staff 

3. Achievement of minimum 
size by the use of subminiature 

techniques, including germanium 
diodes, subminiature tubes, and 
etched circuits. 

4. Employment of unitized con-
struction: plug-in units of flip-

flop circuits and diode networks. 

Need for subminiaturization. 

then, was a governing factor. 
Consequently, entire new tech-
niques for making things not only 

vastly smaller, but at the same 
time easier to build and service, 
were developed by Hughes. This 

is a continuing process and there 
is indication of even more signif-
icant advancement in miniaturi-
zation for the future. 

A major effort at Hughes is also 

devoted to adapting electronic 
digital computer techniques to 

business data processing and re-
lated applications— destined for 
far-reaching peacetime uses. 

Fog' the convenience of those attending the 
NATIONAL ELECTRONICS CONFERENCE AND 
EXHIBITION, Chicago, September 28, 29, 30, 1953, 
members of our Technical Staff will be available 

for interviews at the Hotel Sherman. For 
appointment telephone DEarborn 2-5700. 

ENGINEERS AND PHYSICISTS 

Hughes 
RESEARCH 

AND DEVELOPMENT 

LABORATORIES 

Culver 

City, 

Los Angeles 

County, 

California 

Activities at Hughes in 
the computer field are 
creating some new 
positions in the 
Computer Systems 
Department. Experience 
in the design and 
application of electronic 
digital computers is 
desirable, but not 

essential. Engineers and 
physicists with back-
grounds of component 

development or system 
engineering are invited 

to apply. 

Assurance is required that the 

relocation of the applicant will 
not cause the disruption of an 

urgent military project. 

• 
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New metal-clad subminiature capacitors 
withstand extreme temperatures 

TINNED 

COPPER CA 

COrrOVi 

RUGGEDLY CONSTRUCTED G-Esubminiature 
metal-clad capacitors meet all requirements 
of JAN-C-25 and the proposed MIL-C-25. 

Permafil solid dielectric permits 
operation up to 125C without derating 
Here's a complete new line of 
General Electric metal-clad sub-
miniature capacitors designed to 
meet difficult operating condi-
tions. Now you need no increase 
in capacitor size for applications 
with high working temperatures. 

G. E.'s exclusive permafil 
solid dielectric eliminates the 
possibility of leakage without de-
rating from — 55C to + 125C— 
and up to + 150C with proper 
derating. Silicone bushings give 
high shock resistance—both ther-
mal and physical—and leads can be 
soldered right up to the bushing. 

GENERAL 

Muf ratings range from .001 to 
1.0 muf in 100, 200, 400 and 600 
volts d-c working. They can be 
operated at full voltage up to 
altitudes of 50,000 feet. 

If you need even smaller capac-
itors, G.E. has introduced another 
line of new Pyranol* (liquid-filled) 
metal-clad capacitors. These are 
designed for operation from — 55C 
to +85C without derating and 
offer the same electrical advan-
tages as their permafil cousins. 
For further information on per-
mafil capacitors, send for new 
Bulletin GEC-987. 

ELECTRIC 
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TIMELY HIGHLIGHTS 
ON G-E COMPONENTS 

Compact high-voltage components built for extra long service life 
These G-E high-voltage components offer a 
continuous-service life for long periods under 
extreme temperatures and mechanical 
shocks. All are oil-filled and hermetically 
sealed to resist moisture, dirt and dust. For 
applications 5000 volts and higher, where 
corona must be held to a minimum, a wide 
range of ratings can be tailored to meet 
your needs. In your inquiry, please include 

all functional requirements, any physical 

limitations, and expected quantities. Contact 
your G-E Apparatus Sales representative 

for more information. Rectifiers Reactors Transformers 

Detects, measures light accurately 
G-E photovoltaic cells— for applications 
where electronic amplifiers are not 
practical—provide extra-high output 
with stability and long life in capturing 
light energy and converting it into 
electrical energy. This self-generating 
power plant can detect, measure, and 
control light—and can measure varia-
tions in colors. These G-E cells are 
available in a hermetically sealed series 
with standard mountings, and in a wide 
variety of mounted and unmounted 
sizes. See Bulletin GEC-690. 

Speeds solution to field problems 
The G-E analog field plotter offers is 
valuable aid to electronics equipment 
engineers in simplifying complex field 

studies. Problems in electrostatics, 
electromagnetics, and many other fields 
are rapidly solved with this sensitive, 

versatile plotting board and associated 
equipment. It needs only a low-voltage 
d-c supply, and is not affected by line-
voltage variations. Explanation and 
instructions are covered in a 50-page 
manual accompanying plotter. For de-

tails, see Bulletin GEC-851. 

EQUIPMENT FOR 

ELECTRONICS MANUFACTURERS 

Components 

Meters, Instruments 

Dynamotors 

Capacitors 

Transformers 

Pulse-forming networks 

Delay lines 

Reactors 

Thyrite* 

Motor-generator sets 

Inductrols 

Resistors 

Voltage stabilizers 

Fractional-hp motors 

Rectifiers 

Timers 

Indicating lights 

Control switches 

Generators 

Selsyns 

Relays 

Amplidynes 

Amplistats 

Terminal boards 

Push buttons 

Photovoltaic cells 

Gloss bushings 

Development 

and Production 

Equipment 

Soldering irons 

Resistance-welding 
control 

Current-limited high-
potential tester 

Insulation testers 

Vacuum-tube voltmeter 

Photoelectric recorders 

Demagnetizers 

Cover wide temperature range 
From — 55C through + 100C —that's 

the wide range covered by these new 
G-E miniature selenium rectifiers. 

Stacks—available for either lead or 
bracket mounting—have the same out-
standing features as larger G-E 
selenium cells: long life, good regulation, 
high reverse resistance, and low heat 
rise. For protection, they are enclosed 
in either Textolite* tubes, or hermet-
ically sealed in metal-clad casings. For 
more data, contact your G-E Appa-
ratus Sales representative. 

General Electric Company, 

Apparatus Sales Division, Section A 667-26 

Schenectady S, New York 

Please send me the following bulletins: 

\ for reference 

for immediate project 

0 GEC-690 Photovoltaic Cells 

D GEC-851 Analog Field Plotter 

17 GEC-987 Permafil Capacitors 

Name 

Company 

City 

-77  
4,17  1815 1953 rx-

YEARS OF ELECTRICALL," 
PROGRESS 

State 

'Reg. Trade- mark of Genera/ Electric Co. 
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TIME AFTER TIME - ENGINEERS 
SPECIFY JOHNSON COMPONENTS 

looking ior a miniature  a 

variable capacitor --  

Steatite cone insulator --a beryllium contact nylon 

tip jock? JOHNSON hos these and ned on onents 

a large variety 

at other electronic components. Desigd mon- \, 

utoctured to high standards, .10eS0b1 comp 
ore the choice ot engineers time and time again. 

l• co. I4o. 1011-75 118 —"Banana Spring" plug, available 
with either red or black 1.5e plastic handle. Nickel-silver 
springs,high grade nickel putted brass screw machine parts. 

--wide 
2. Co So.147-1143  angle, Lucite lens pilot light. 
Designed for applications utilizing low powered light 
sources yet requiring good yisibility.5A" threaded Lucite 
jewel, mounting hole recinired ,Vit,', length behind panel 
114,'. Single contact miniature bayonet socket, phenolic 

socket bodY , solder tervainals.13L approved. 
3. ce.14o.135-501--Steatite cone insulatort , grade 1,-4 or 
bette. 'Threads tapped directly into ceramic. Furnished 
with machine screws, brass and cork cushion washes. 
l'42" height, including washer, .1.' base, fi-22 hardware. 

4. Cot. 14o. 116-214--Black plreolic instrument knob. 
Length tVir,' , skirt diameter 3À , main body diameter 1/2", 
Available for I/4" or Vie," shaft. Slotted head, equippea w 

5. Cot. 14o. 116-26 --Black phenolic skirted knob.12. ell 
defined thites,11/2' diameter, 2,,¿(," skirt. Accurately cen-
wi th 1set screw. 

6. Cot. So.  t or ' 103.75-13o.nana Spring" plug. Furnished 
tered brass inser fy4. shaft. 

with beryllium copper spring on special order. Nickel, 

7. ce.t4o.160-104--Single section, istiniature áir variable 
cadmium or silver plating if desired. 

cavacitor. Panel area required, 1/2" wide by s/4 high. Low 
inductance. Precision assembled plates. Split sleeve bear-
ings. 'Beryllium copper tension ape% contect fot penis.-
Dent alignment, constant torque nen low Inbete.nt noise. 
Steatite insulation impregria.ted with DC-200. Single hole 
mounting bushing threader!. 4-32 with flats to prevent 
turning. 4. shaft slotted for serewdrivet adjustment. 
Plate spacing .011". Peak voltage rating, 1250. 

FOf mote complete information on oil your copy JOHNSON 

electronic components, write for cd General 
Products Catalog 973. Available upon request. 

'447;   
E. F. JOHNSON COMPANY 

CAPACITORS, INDUCTORS, SOCKETS, INSULATORS, PLUGS, JACKS, DIALS, ANO PILOT LIGHTS 

• 4 SECOND AVENUE SOUTHWEST WASECA, MINNESOTA 

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 44A) 

3 Wire Type Snap-Action 
Switch 

Control Products Inc., Sussex St., 
Harrison, N. J., announces production of a 
new type basic waterproof switch. The 
switch is a single pole, double throw, three 
wire type featuring sine curve design and 
miniature size. 

The CI'l snap action mechanism is 
built around a beryllium copper spring 
fabricated in the shape of a sine curve. 
Switch is made in accordance with U. S. 
Army specification 60-977-2 Class B 
covering waterproof and corrosion re-
sistance. 

The basic switch mechanism is enclosed 
ill a waterproof material and will operate 
without damage in temperatures ranging 
from —65°F to + 165°F. Electrical 
capacity is 20 amperes resistive, 28 volts 
dc, 10 amperes resistive, 110 volts ac. 

Switches are also available in two wire 
types. All can be supplied wit h lead lengths 
made to specification. For complete data, 
detailed specifications and illustrated 
literature, readers are invited to write the 
manufacturer. 

Brochure on Vacuum 
Impregnation 

A revised edit ion of a 24-page brochure 
#760 on " Vitelltim Impregnation - has just 
been released F. J. Stokes Machine Co., 
5500 Tabor Rd., Philadelphia 20, l'a. 

The new publicat lull describes in detail 
a wide range of applications for this 
versatile process 4 a hich voids in porous 
materials : ire filled with a desired impreg-
nant after air and moisture have been 
cvacuated. :\mong these uses are the 

ling of metal castings against micro-
wosity, the improvement of dielectric 

efficiency in electrical components and the 
plotting of t ransistors. 

The enlarged range of Stokes equip-
ment for vacuum impregnating is described 
and complete specifications for standard 
cylindrical and rectangular impregnating 
chambers, storage tanks, and vacuum 
pumping units are contained in the new 
booklet, Ca tah g No. 760. 

Copies of the catalc>g may be obtained 
free on request to the Company. 

(Continued on page 98A) 
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Ito 800.2600 mcs 
Frequency Meters 
Lightweight- Portable 
Units.. For Field and 
Laboratory Use! 

Models 

FS.C.171-A 800-1210 mCS 

FS.C-172-A 1200-1600 MCS. 

FS-C- 173- A 1600-2250 MCS. 

FS-C- 174-A 1700-2600 MCS. 

The input circuit is 3 type N connector 
tJG-58/U) . . . The output is molit.pred by 
e 1 N2 I B crystal and microamme:cr circuit 
with adjJst4ible sensitivity control for varying 
input power levels. The output of the crystal 
may be obtained from pin jacks provided on 

oan...I of the instrument. A switch is pro. 
sided to change the output from th. . micro-
ammeter to the pin jacks. 

ACCURACY 
Better than .05% from 20°F to 120°F 
SENSITIVITY 
Usable indication with 1 mill:watt input 
Adjustable for higher levels . 

INDICATOR 50 Microammeter 

INPUT 
50 Ohm Type N Connector 
EXTERNAL DC OUTPUT 
Pin Jacks 
EXCURSION OF MICROMETER 
Ore-half inch 
MICROMETER SCALE 
at 1000 Mc — 1 Division equals 290 KC 
at 1400 Mc — 1 Division equals 350 KC 
at 2000 Mc — 1 Division equals 450 KC 
at 2600 Mc — 1 Division equals 555 KC 

EXTERNAL SIZE 61/2  X 93/4 x 7" 

WEIGHT Four pounds 

CAVITY UNITS AVAILABLE 

Units consist of cavity body, micrometer con-
trol, crystal, suitable connectors and calibra-
tion chart. Wr te for specifications and prices. 

P. 0. Box 504, 
Asaury Park, New Jersey 

LET ME 

BRING YOU UP-TO-DATE:, 
ON 

FERRITE 

COMPONENTS 

OD 

-\\ 

Let me first emphasize the essen-
tial difference between "Larite-
Ferrites and general Ferrites. 
When you use " Lavite" Ferrites, 
you first have all of the desirable 
basic advantages of this type of 
material. These advantages are 
many varieties in composition 
to better meet specific electrical 
properties that may be required 
as to high saturation, higher 
permeabilities, high Q and FM 
frequencies, low temperature 
coefficient, etc. 

Ask for general char-
acteristic data on all 
"Lavite" Technical 
Ceramics — ("Lavite" 
Steatite, "Lavite" Titan. 
ates, "Lavite" Ferrites, 
and others). 

'JO this is added the plus value of: 
1. Steward's private research and 

development, 
2. Steward's modern and highly 

efficient facilities to produce 
your " Lavite" Ferrite compo-
nents to greater accuracy in 
both material and size, 

3. Interestingly low production 
costs of these parts, and 

4. Prompt delivery. 
And in addition to all this, you 
are invited to consult Steward 
engineers, without obligation, 
for scientific answers to your 
specific problems. Send me your 
specifications. 

D. M. STEWARD 

MANUFACTURING CO. 
3605 Jerome Ave, Chattanooga, Tennessee 

Sales Offices in Principal Cities 
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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 96A) 

60-Position Switch 
The space-and-weight-saving advan-

tages of low-cost printed circuit techniques 
have been applied to a new 60-position 
rotary switch recently announced by the 
Shallcross Manufacturing Co., 520 Pusey 
Ave., Collingdale, Pa. 

Stator contacts of the new switch are 
silver- and rhodium-plate copper printed 
on a paper-base phenolic deck 3 inches 
square. Connections are made to stator 
contacts through soldered eyelet terminals. 
The combination of printed contacts and 
eyelet terminals makes this switch light 
in weight, considering the number of con-
tacts. 

The switch features an isolated shaft 
and is designed for 4-point spacer mount-
ing so that a number of these single pole 
units may be readily ganged. Contacts are 
arranged to make-before-break. Detent is 
optional on order. 

Inquiries are invited regarding applica-
tions. 

Digital Point Plotter 
The new CCP Digital Point Plotter, 

recently announced by California Com-
puter Products, 3927 \V. Jefferson Blvd., 
Los Angeles 16, Calif., is a high-speed, 
low-cost digital point-by-point plotter 
developed primarily for preparing curves 
and graphs of data received from general-
purpose digital computers. 

r- - 

It has an aluminum plotting drum 12 
inches long and 6 inches in diameter, 
capable of producing 11 X17 inch plots. 
Plotting resolution is 40 points per inch, 
with accuracy held to + 0.025 inch. Plot-
ting speed is 2 seconds per point. A variety 
of stylus-symbols may be selected by the 
user. 

(Continued on Page 1004) 
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Microwave 
eateateite 

se- When you test, 
use the best-

WRITE FOR 
NEW CATALOG - 

Address re-
quests for ,our 
copy of the 
new catalog to 
Department 
R-9—no 

PRD offers a complete line of test equipment 

for precise measurements in the Microwave region. 

This equipment, the finest obtainable anywhere, 

includes Frequency Measuring Devices, Signal 

Sources and Receivers, Attenuators and Terminations, 

Impedance Measurement and Transformation 

Devices, Detection and Power Measurement 

Equipment, Bolometers and Accessories. 

QUALITY \f\f\f' 
DEPENDABILITY 
ACCURACY \AAA/V£AAAA 

TYPE 250-A BROADBAND PROBE — Frequency 

range of 1 to 12.4 Kmc/s; two tuning knobs permit 

precise adjustment for maximum power transfer from 

the probe tip to the crystal or bolometer detector: 

third knob controls depth of probe tip insertion. 

SLOTTED SECTIONS—The mechanical and electrical 

design of PRO slotted sections emphasizes these im-

portant features: Instrument accuracy assured indef-

initely by virtue of three bearing carriage suspension 

to minimize wear; waveguide section machined from 

solid aluminum alloy stock, to avoid warpage no 

castings are used. 

TYPE 275 VSWR AMPLIFIER — 
Featuring hign gain; A.G.C. to maintain 

output constant for slow variation in 

r-f power source; low input noise level 

of 0.03 microvolts; wide VSWR ranges 

of 1:1.3, 1:3. 3 13, 10:30, and 30:100; 

greater accuracy becatse VSWR scale 

on meter is latear. 

RESEARCH 
& DEVELOPMENT COMPANY. Inc 

55 JOHNSON STREET, BROOKLYN 1, NEW YORK 
WESTERN SA LES OFFICE, 

741 1/2  NO. SEWARD ST., HOLLYWOOD 38, CALIF. 
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TYPE MMC-1 
2000 MMFD. 10 or 15 KV. 

225 AMPS. R.M.S. 

TYPE MC- 1. 
1000 MMFD. 10 or 15 KV. 

100 AMPS. R.M.S. 

FOR INDUCTION 
and 

o DIELECTRIC 
HEATING 

HIGHER CURRENT 
RATINGS 

LOWER INDUCTIVE 
LOSSES 

Are offered by JENNINGS NEW 
COMPACTED VACUUM CAPACITORS. 

High current ratings because they are ail-copper con-

struction and have large cortact surfoces for dissi-

pating heat; low inductive losses because the vacuum 

dielectric permits a maximum amount of capacity at 

high voltages to be packed into an extremely small 

physical space. For example, an MMC-1, 2000 mmfd 

unit with a voltage rating of 10 KV and a current 

rating of 225 amperes has or over-all length of less 

than 5 inches. We believe this to be the shortest 

physical length yet devised for any type of capacitor 
with the same capacity, voltage, and current ratings. With no dielectric to punc-

ture, tnis vacuum capacitor is also self- healing after temporary overloads. 

The oscillator shown above demonstrates how Jennings capacitors may be 

mounted in parallel in such a way that no parasitic suppressors are required. 

The orge capacitors mounted between the conductor discs are MC- 1, 1000 

mmfd units used in the tank circuit. Above and below the conductor discs are 

mounted ten small JCS- 1, 100 mmfd vacuum units used as grid and plate blocking 
capacitors. 

Jennings also manufacture vacuum switches capable of repeatedly breaking 

the D.C. voltages and currents 'ound in the oscillators of induction and dielectric 

heating units. The same switch may be used to provide extremely fast-acting 
overload protection for the D.C. power supply. 

Write us for information regarding your own Capacitor problem. 

Literature mailed on request. 

JENNINGS RADIO MANUFACTURING CORPORATION • 970 Mcl.AUGHLIN AVE. 
P.O. BOX 1278 • SAN JOSE 8, CALIFORNIA 

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 98A) 

An optional decimal keyboard is avail-
able for manual plotting and provision can 
be made to plot data from magnetic and 
paper tape or IBM card readers. Other 
features include automatic multiple curve 
plotting, simple accessible controls, arbi-
trary origin location, scale factor trim 
adjustment, I pewriter ribbon ink supply, 
swing-out ch:tssis rack for easy accessibility 
to component parts, plug-in components, 
cable drives for drum and carriage, sealed 
oil motors tuid gear tr L in., and a choice of 
1\1w of digital input s\ 

Sliding Contacts or Brushes 
of Silver Graphite 

New sliding contacts or brushes for 
servo mechanisms, radar antenna operat-
ing units, calculating machines, miniature 
motors and other applicitions has been 
announced by the Stackpole Carbon Co., 
St. Marys, l'a. 

Stackpole claims their silver graphite 
Hints feature extremely low contact re-
sistance plus great resistance to welding 
for maximum contact efficiency. ln addi-
tion, these units show life at minimum 
cost. Lowest radio noise levels are ob-
tained by using these silver-graphite units 
against a silver ring. For ordinary uses 
however, a copper ring or commutator will 
suffice. 

Available in sizes from 116 inch diam-
eter upward. these contacts and brushes 
can be supplied with pure silver backing 
for spot welding or brazing directly to 
support arms or springs. They can also be 
furnished with copper backing, integral 
rivet, or other device to meet almost any 
mounting requirement. linits are supplied 
separately or factory-nunnued to specifica-
tion. They are made of silver with almost 
any desired percentage of graphite. Stand-
ard grades range from 5 per cent to 80 per 
cent graphite. 

Plastic Toroids 
After notre than a year of development 

engineering, The Communication Acces-
sories Co., 'lit-I:man 'Mills, Mo., has per-
fected a means of molding toroids in 
plastic. The mounting problems and 
fragility of the unease(' tumid have been 
entirely eliminated, the manufacturer 
claims. Two types of brass bushings in the 
center of the toroid are available. One is 
threaded for a 6/32 screw, the other pro-

(Coutimted on rage 1(12.4) 
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Model 209A 

true VTVM 
and 

CAPACITANCE TESTER 
• Large 9" meter. 
• Measui es wide ranges of capaci-

tance. inductance, resistance. cur-
rent. v oltage: bith AC and DC. 

• Includes matched high frequency 
probe to make this laboratory 
instrument a TqUE VTVM. 

• Write for technical details ... 

THE HICKOK ELECTRICAL INSTRUMENT CO. 
10551 Dupont Ave., Cleveland R. Ohio 

QUALITY TRANSFORMERS 

For Every Application 
in Military or Civilian Use 

Designed and Built to the 

most exacting specifica-

tions by the or ginators of 

the famec FORM-FLEX 

Aircraft Teansformer Corp. 
Manufacturers of Inductive Equipment 

Long B.anch, New Jersey 

Long Branch Is-6250 

Representatives locatcd in principal 

cities throughout the country. Write 

for address cf the one nearest you. 

eie 
8,4 

•SOCKETS e PLUGS & CONNECTORS 

• JACKS • TERMINAL STRIPS • RACK AND 

PANEL CONNECTORS • BINDING POSTS 

• TERMINAL BLOCKS, KNOBS, STANDOFF 

INSULATORS e FUSE HOLDERS & FUSE BLOCKS 

This sturdily bound 
loose-leaf catalog contains full 

details and specification data on the 
complete line of Eby components. A copy will be 

sent upon request on your company letterhead. 

HUGH H. 

4702 Stenton Avenue, Philadelphia 44, Pa. 

INC. 
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News—New Products 

Y@eZwwe: eadle4 

R eceptacles 
& plugs 

New catalog literature is available on 
the outstanding, quality line of 
RECEPTACLES & PLUGS offered 
by HHB. 

These quality parts are available in 
standard sizes, and arrangements, 
(AN types), or special arrangements to 
meet your requirements. 

We invite inquiries . . . no obligations. 

H. H. BUGGIE Inc. 
TOLEDO 4, OHIO 

Sales Engineers in All Principal Cities 

Pressurized & Waterproof 
RECEPTACLES 

Cable Type 

RECEPTACLE & PLUG 

Waterproof CAPS 
Special Waterproof 

CABLE CLAMPS 

High Voltage 
RECEPTACLE & PLUG 

Capacitor Type 

RECEPTACLE 

(Continued from page 100A) 

vides a hole to clear a 6/32 hole. This 
center bushing keeps mounting pressure 
off the plastic and makes possible cleaner 
mountings. Complete uniformity of di-
mension is maintained by precision molds. 
The following toroids are available finished 
in this manner: Types 206, 848, 930, 671, 
395 and 269. 

Complete data are available by writing 
the company. Samples available on re-
quest. 

Beta Gamma Counter 
The Victoreen Instrument Co., 3800 

Perkins Ave., Cleveland 14, Ohio, an-
nounces the availability of a new beta 
gamma counter tube. 

The tube (Type 6306) is a bismuth 
cathode counter tube having efficiency 
six times greater than standard counter 
tubes on radioactive iodine and more than 
twice on radium. 

This tube has the same thin aluminum 
wall as the 30 mg/cm2 Victoreen Type 
1B85. However, the bismuth screen liner 
effectively makes the 6306 a thick wall 
tube with many times the strength of the 
old style ribbed 1B85. 

Vers' low cost of the 6306 makes it ideal 
for multiple tube applications such as 
cosmic research, area and process monitor-
ing, aerial prospecting, and hand-and-foot 
monitoring. Uniformity of characteristics 
allows many tubes to be operated in 
parallel. 

Electrical characteristics and dimen-
sions of the 6306 are identical to those of 
the coaxial based 1B85. Operating voltage 
is 900 volts with a slope of 5 per cent per 
100 volts over the 150 volt plateau. 

Deposited Carbon Resistor 
Erie Resistor Corp., Union Station 

Bldg., Erie, Pa., announces that they are in 
production on 4-watt deposited carbon 
precision resistors in values from 100 ohms 
to 4 megohm. Standard tolerances are 1, 2, 
and 5 per cent. 
A feature of this stable pyrolytic re-

sistor, designated as Style 155, is the one 
piece molded case. The thermo-setting 
molded insulation provides protection 
against humidity and also gives assurance 
against mechanical damage to the carbon 
film. Added insulating sleeving is not re-
quired on these units. 

Erie Style 155 resistor is considerably 
smaller than corresponding non-insulated 
RN20 size with insulating sleeving. Actual 
size is 19/32 long by 3/16 inch diameter, 
and leads are axial #20 tinned copper wire 

Sold under the trade name "Hi-Stabe," 
these resistors meet test requirements of 
M IL-R- 10509A. 

(Continued on page 104A) 
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HIGH 

CLEVELITE'' 
FOR BETTER COMPONENTS 

Clevelite ensures satisfactory performance wherever high dielectric 
strength, low moisture absorption, mechanical strength, low loss and 
good machinability are of prime importance. 

Clevelite is made in SEVEN GRADES . . T me Tested! 

GRADE APPLICATION 

E Improved post-cure fabrication and stapling. 
EX Special grade for TV yoke sleeves. 
EE Improved general purpose. 
EEX Superior electrical and moisture absorptior properties. 
EEE Critical electrical and high voltage application. 
XAX Special grade for government phenolic specifications. 
SLF Special for very thin wall tubing having less than .0 0 wall. 

When you specify and use CLEVELVTE you obtain 
High Quality and Fine Service 

Send for our new Clevelite 
Folder just off the press. 

WHY PAY MORE? For the best.. . Call C I. EVE LAND! 

• Reg. U. S. Pat. Off. 

C L EVE LAN D CONTAIN ER 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 

PLANTS AND SALES OFFICES at Chicago, Detroit, Memphis, Plymouth, Wisc., Ogdersburg, N. Y.,..Jamesburg, N. J 

ABRASIVE DIVISION at Cleveland, Ohio 

CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Pres.tt, Ontario 

REPRESENTATIVES 

NEW YORK AREA R. T. MURRAY, 601 CENTRAL AVE., EAST ORANGE, N. J. 

INEW ENGLAND R. S. PMIGREW 8 CO., 62 LA SALLE RD., WEST HARTFORD, CONN 

CHICAGO AREA PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE. CHICAGO 

WEST COAST IRV. M. COCHRAN CO, 408 S. ALVARADO SI, LOS ANGELES 
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PRESSURE 

INSTRUMENTS 

Giannini instruments for low pressure 

measurement and control utilize preci-

sion potentiometer elements to translate 

pressure signals into proportional elec-

trical signals ( 20-50 volts) requiring 

little or no amplification. Models are 

available with single or multiple out-

puts and can be linear with airspeed, 

altitude, pressure, or to natural or em-

pirical functions.0 Over twenty separate 

and distinct types of proven capsule-

powered transducers and switches are 

obtainable for applications requiring 

precise measurements of absolute, 

differential, or gage pressures, in 

ranges from 0.5 psi dill. to 0-150 psi. 

• Instruments are available to operate 

under either normal military environ-

mental conditions or under conditions of 

high acceleration, severe shock, and ex-

treme vibration. G. M. Giannini & Co. Inc. 

also manufactures a complete line of high 

pressure instruments. Write for catalog. 

MODEL 45176 Illustrated 0-1 to 0-150 psi abs, dut., gage. 
Size 2.63 in. dia. x 3 in. weight 15 oz. max. 

MODEL 45177 
Up to 4 outputs and inputs in ranges 0-1 to 0-150 
psi abs, diff, or gage. (Set of 2 model 45176). 

MODEL 45154 
Ranges 0-5 to 0-30 psi abs. Size 2.25 in. dia. 
x 2.48 in. weight 8 on. max. 

MODEL 45172 

4a› 
Ranges 0-10 to 0-30 psi abs, dill. or gage. Sine 
2.19 in. x 2.83 in. weight 15 oz. may 

G. M. GIANNINI & CO., INC. • PASADENA 15, CALIF. • EAST ORANGE, NEW JERSEY 
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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 102A) 

Multi-Stylus Recorder 
A new series of multi-stylus recorders 

(RX-30 series) which can record simul-
taneously on a large number of fixed 
styli across a chart 91 inches in width is 
being offered by Hogan Laboratories, Inc., 
155 Perry St., New York 14, N. Y. The 
recording medium used is FAXPAPER, a 
current -sensit ive elect ri tly t ic recording 
paper. Because of its wide range half-tone 
characteristics, this paper makes possible 
the gathering of additional information in 
each marking channel by means of variable 
density recording techniques. 

The recorder is supplied with a single, 
fixed, chart advance speed, but this speed 
can be chosen from several different speeds 
available, to best suit the use to which it 
may be put. The number of styli may also 
be varied to meet requirements. 

An example of this series of recorders 
is the RX-30C (shown in illustration) 
which has thirty nine marking styli and 
a chart advance speed of 4 ips. A 400 foot 
roll of FAXPA l'ER will feed this recorder 
for twenty mimites of operating time. Re-
loading is simple and requires no threading 
of the imper welt. 

RF Bridge 
The Wayne Kerr Bridge (Type B601) 

now being distributed by Marconi Instru-
ments, Ltd., Dept. TI, 23 Beaver St., New 
York 4, N. Y., measures balance and un-
balance complex impedances and the im-
pedance between any pair of terminals in a 
three terminal network. 

The Bridge employs the tapped-
transformer principle and reads directly, 

(Continued on page 106A) 
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Shown opproxirnoiely bun size. 

C.T.C.'s new CST-50 capacitor 

with greatly increased range, greater stability 

(2) 

(3) 

(4) 

(S) 

Exploded view of the CSI-50 capacitor 
shows: ( 1) ring terminal with two soldering 
spaces; ( 2) metallized ceramic form; ( 3) 
spring-type S-shaped tuning sleeve*; (4) 
Split mounting stud; (5) locking nut. 

• Patent Applied For 

Surpasses the range of capacitors 
many times larger in physical size. 

The new CST-50 variable ceramic 
capacitor embodies a tunable* element 
of such unusual design it practically 
eliminates losses due to air dielectric. 
As a result, a large minimum ta max--
mum capacity range ( 1.5 to 12 MMFD) 
is realized — despite the small physical 
size of the capacitor. This tunable* ele-
ment is a spring-type, S .shaped tuning 
sleeve* which maintains constant maxi-
mum pressure against the inside wall of 
the ceramic form. 

Other Design Features 

The CST-50 stands only 19/32" high 
when mounted, is less than Yt" in di-
ameter and has an 3-32 threaded 

mounting stud. The mounting stud is 
split so that the tuning sleeve* can be 
securely locked without causing an un-
wanted change in capacity. The tuning 
sleeve' is at ground potential. The 
CST- 50 is provided with a ring ter-
minal which has two soldering spaces. 

All C.T.C. materials. methods and 
processes meet applicable government 
specifications. For further information 
on C.T C. components and C.T.C.'s 
consulting service (available without 
extra charge) write us direct. Cam-
bridge Thermionic Corporation, 456 
Concord Avenue, Cambridge 38, Mass. 
West Coast manufacturebs contact: 
E. V. Roberts, 5068 West Washington 
Blvd.,Los Angeles and 988 Market St., 
San Francisco, California. 

CAMBRIDGE THERMIONIC 
CORPORATION 

custom or standard . . . the guaranteed comPanents 

Write for Free Catalog #400 containing complete data on the entire CTC line. 

PROCEEDINGS OF THE I.R.E. S.-pt.•enber. 1952 



POLYETHYLENE CABLES 

from Amphenol Components 
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TEFLON CABLES 

AN TYPE CONNECTORS 

AMPHENOL RF CONNECTORS are 
available in Types BNC, BN, N, HN, 
C, LC, Push-On and UHF 83 series. 
Efficient in performance, they pro-
vide excellent impedance match 
with low loss. They are unmatched 
for quality linking of coaxial cables. 

AMPHENOL CABLES are made with the 
finest materials — incorporate dielec-
trics of the new extreme temperature 
range plastics as well as standard 
plastics. Constant quality checking 
insures that each cable will perform 
up to the high AMPHENOL standards. 

AMPHENOL AN CONNECTORS are 
manufactured in strict compliance 
with government specifications— 
have superb mechanical and electri-
cal characteristics. ArePHENot. sup-
plies the widest selection of AN's 
now availab:e from a single source. 

CATALOG B-2 is a general list-
ing of all AMPIIENOL products, 
including ANS. Rrs, Cables. 
Sockets and other radio prod-
ucts. Listed are special litera-
ture and catalogs, to be 
ordered when more specific 
information is required. 

AMERICAN PHENOLIC CORPORATION 
chicago 50, illinois 

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 104A) 

with an accuracy of + 1 per cent, resist-
ances from 10 ohms to 10 megohms, 
capacitances from 0.1 pisf to 20,000 eii.tf, 
and inductances from 0.5 eiF1 to 0.05 H, in 
the frequency range 15 kc to 5 mc. There 
are no tubes or power requirements, the 
bridge being used with external signal gen-
erator and detector. 

Particularly useful in antenna meas-
urements, this instrument has found new 
application in the transistor and the non-
linear ceramic fields. The bridge is one of 
the series covering the range from 15 kc 
to 250 mc. 

Miniature Variable Speed 
Changers 

Newly re-designed Series 3 variable 
speed changers with three different types 
of geared controls are now available from 
Metron Instrument Co., 432 Lincoln St., 
Denver 3, Colo. 

The output-shaft speed can be varied 
from ¡ th to 5 times the input-shaft speed 
by simply rotating the speed control shaft 
with either spur, miter or worm-geared re-
mote controls. 

Small and lightweight (6 ounces), these 
units are suitable for remotely controlled 
applications in recorders, flow controls, 
regulators, scanning mechanisms, and so 
forth. 

The spur-geared control (Type 31)) 
may be used where the control shaft and 
the remote control shaft are parallel. A 
choice of mating spur gears offers a wide 
selection of control speeds. 

Where the control shaft and remote 
control shaft must be at right angles to one 
another, either the miter-geared control 
(Type 3E) or the worm-geared control 
(Type 3F) is recommended. The worm-
geared control is advantageous where a 
small motor is used to drive the control 
shaft. 

Any one of the three types may be con-
verted to flexible shaft by removing the 
control gear. 

Phenolic Terminal Blocks 

Phenolic terminal blocks for electronic 
and communications equipment are now 
available from Lenkurt Electric Co., 
County Rd., San Carlos, Calif. Four dif-

(Continued on page 107A) 
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ferent arrangements are offered providing 
40, 60, 80 or 100 pre-tinned, double-
notched terminlls fastened between phe-
nolic strips. The terminal assembly is 
fastened to a base of the same material. 
Advantages provided by all phenolic 
block construction are good electrical 
characteristics, high structural stability, 
and low water absorption. 

Specifications and prices for Lenkurt 
phenolic terminal blocks are given in new 
Lenkurt Bulletin BI- P2. Copies are avail-
able from the manufacturer. 

Acetate Coil Bobbins 
Acetate coil bobbins for rf and IF 

coils, relays, push-pull solenoids, switching, 
timing and reversing circuits, and other 
electronic applications requiring high in-
sulation properties, are now available in 
any size, shape, I.D. or 0.D., and in any 
quantity, from Precision Paper Tube Co., 
Dept. P17, 2051 W. Charleston St., 
Chicago 47, III. 

These bobbins can be supplied in all 
acetate construction, combination acetate 
and dielectric paper, and with vulcanized 
fiber or metal flanges. In the case of coil 
forms for relays, and so forth, where brass 
shading rings are employed to concentrate 
the magnetic field, acetate shields are used 
to insulate the coil from the ring. Used 
with dielectric paper, acetate provides in-
creased insulation without sacrifice of the 
tensile strength of the base material. 

These coil forms can be fitted with 
flanges to meet any specification, plain, 
slotted, punches, or fitted with terminal 
leads and embossed or recessed to fit any 
type of mounting. 

(Continued on page 108A) 
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fie  Amphenol's Plants 

over 9,000 precision products 

for the electronics industry! 
Products of the American electronics industry are becoming 
increasingly efficient, both in design and in function. The in-
ventiveness of electronics seemingly knows no bounds and each 
day witnesses a new product, a new application, all requiring 
skill in manufacture—all reflecting the amazing advances made 
in electronics since the end of the war. Intricate new computers; 
radio equipment for atomics and for aircraft are not only com-
plex in themselves, but in their component requirements issue 
a challenge to all who supply these vital parts. 

To meet this challenge, to work with industry in the design-
ing and supplying of quality components for new projects, 
the engineering versatility of AMPHENOL is dedicated. For 
AMPHENOL engineers have not only the thorough grounding and 
magnificent experience of working with the over 9,000 items 
presently in -the AMPHENOL catalogs, but they are constantly 
alert to new ideas. Time and again they have been able to assist 
in the design of components for particular applications, many 
entirely new; often they have been able to adapt an existing 
AMPHENOL component to new specifications, at great saving of 
time and expense to the manufacturer. Whatever the need, let 
AMPHENOL assist you in your problems and build, with you, to 
the future of electronics. 

AMERICAN PHENOLIC CORPORATION 
chicago 50, illinois 



VACUUM TUBE 
VOLTMETER 

MODEL 62 

SPECIFICATIONS: 

RANGE: Push button selection of five ranges-1, 3, 10, 
30 and 100 volts a.c. or d.c. 

ACCURACY: 2% of full scale. Useable from 50 cycles to 
150 megacycles. 

INDICATION: Linear for d.c. and calibrated to indicate 
values of a sine-wave or 71% of the peak value 

of a complex wave on a.c. 

POWER SUPPLY: 115 volts, 40-60 cycles—no batteries. 

DIMENSIONS: 43A" wide, 6" high, and 8 1/2 " deep. 

WEIGHT: Approximately six pounds. 

MEASUREMENTS CORPORATION 
BOONTON W NEW JERSEY 

IT'S 

HARVEY 
FOR PROMPT 

OFF-THE-SHELF" DELIVERY 

WRITE 

PHONE 

or WIRE 

Telephone 

LUxemberg 2-1500 

Whether it's equipment, components or other 

electronic requirements, you will always find 
them in Harvey's extensive stocks, ready for 

immediate delivery to you anywhere. 

Harvey's twenty-five years of service to the in-

dustry are your assurance of understanding 

'know-how' and complete dependability. 

HARVEY 
RADIO COMPANY, INC. 
103 West 43rd St., New York 36, N. Y. 
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Miniature Motors 
Miniature totally enclosed, explosion 

proof, dc electric aircraft motors are now 
being produced in quantity by Lear, Inc., 
Grand Rapids Div., 110 Ionia Ave., NAV., 
Grand Rapids 2, Mich. These motors are 
precision manufactured to yield the 
highest horsepower per pound ratio con-
sistent with the reliability demanded of 
aircraft devices, according to Lear. 

4 

The motors may be used in any applica-
tion which requires 5 to 45 watts output at 
speeds from 9,500 to 15,000 rpm. A maxi-
mum diameter of 1.572 inches and lengths 
of 2.69, 3.00, 3.38, and 3.88 are the outline 
dimensions of those currently in produc-
tion. 

Electro-magnetic brakes are incorpo-
rated as integral parts of these new units. 
Motors are available with or without 
thermal protectors. These 26 volt dc, inter-
mittent duty motors are designed to meet 
the environmental and service require-
ments of Specification AN-M-40, and the 
new proposed MIL Specification for dc 
motors. 

Motors are designed with single series, 
split series, tapped series, shunt, or com-
pound windings. Output ,hafts to customer 
specifications are available with or without 
integral pinions. Standard or special 
mounting flanges may also be specified, 

Overload Radiation Switch 
A new overload radiation switch that 

provides protection against tube failure 
due to anode overheating has been an-
nounced by Federal Telephone and Radio 
Corp., 100 Kingslaod Rd., Clifton, N. J., 
associate of International Telephone and 
Telegraph Corporation. 

Designed to protect radiation-cooled 
transmitting tubes from damage caused by 

(Continued on page 110A) 
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AUDIO TESTING 
for designing, production checking, 

research or "proof of performance" 

FCC tests for broadcasters. 

WCrilkeitillIiI9941411batkenliBlralleriT316sliftle2eFerliVidAllis.`e4 

A low-distortion source of audio fre-
quencies between 30 and 30,000 cycles. 
Self-contained power supply. Calibra-
tion accuracy ± 3 % of scale reading. 
Stability 1 or better. Frequency 
output flat within 1 db, 30 to 15,000 
cycles. 

MODEL 200   $138 

veriettaurov41:#14engrtxfiemstiv emu eumi 

, For fundamentals from 30 to 15,000 
cycles measuring harmonics to 45,000 
cycles; as a volt and db meter from 30 
to 45,000 cycles. Min. input for noise 
and distortion measurements .3 volts. 
Calibration: distortion measurements 
+5 db; voltage measurements + 5e; of 
full scale at 1000 cycles. 

MODEL 400   $168 

ildlatifflIVT•krAltre.lltie.rinleietittiltedirkblIMVYffl,ilkletirge 

Combines RF detector and bridging 
transformer unit for use with any dis-
tortion meter. RF operating range: 400 
kc to 30 nic. Single ended input impe-
dance: 10,000 ohms. Bridging impe-
dance: 6000 ohms with 1 db insertion 
loss. Frequency is flat from 20 to 50,000 
cycles. 

MODEL 404 $85 

Offletirttit:74A,,M4iimietseeAraià mereedecivireeekwe 

Speeds accurate analysis of audio cir-
cuits by providing a test signal for 
examining transient and frequency re-
aponse ... at a fraction of the cost of 
a square wave generator. Designed to 
be driven by an audio oscillator. 

MODEL 250   $10 

LINEAR 
DETECTOR 

The instruments of laboratory accuracy 

Bulletin PR-93 gives complete details 

Barker lit Williamson, Inc. 
237 Fairfield Avenue • Upper Darby, Pa. 

hIGH 

COMPRESSION 
I ASS-TO-METAL 

VACUUM 
SEALS 

These are the only seals that 

are hot tin dipped at 530°F. 

MULTI-Pill HEA The new 
vacuum tight, NO COMPRESSION 
glass to metal seal makes CON-
STANTIN HEADERS 'deal for use 
in the manufacture of practically 
any proCuct which demands a 
stabilized atmosphere, and pro-
tection from moisture. Ingenious 
seal engineering and flexible 
manufacturing methods permit 
numerous additional configura-
tions and the adaptation of 
CONSTANTIN HEADERS to any 
requirement. 

R MOUNt1 CON-

STANTIN TRANSISTOR MOUNTS 
assure cependable, long-life tran-
sistor service for all types of 
electron c instruments. Glass-to-
metal sealing allows the ger-
manium block to be permanently 
sealed in a vacuum or inert gas. 
This prevents aging and gives 
lasting protection against varia-
tions due to moisture, dirt, and 
changing atmospheric or light 
conditions. 

CONDEMSER END SEALS Our com-

plete line of special END SEALS 
assures a stabilized atmosphere 
thus making them especially 
adaptable to capacitors, filters, 
delay lines, and precision re-
sistors. Special finishes available. 

TERMINALS Constantin's exten-

sive line of HIGH COMPRESSION 
TERMINALS ore available in all 
combinations of hooks, eyes, 
tubes and pierced flats. Stand-
ard units of the complete line 
have test rceings from 1,000 to 

15,000 volts R.M.S. and 5 to 25 
am eres. 

i&or 

ezeettalitm&z. 

Ir Cl  

MANUFACTURING ENGINEER! 
Rt. 46 and Franklin Ave., Lodi ,N. J. 

Also manufacturfrs of — 
CON PLUGS 

CRYSTAL HOLDERS 
VACUUM COATUNG EQUIPMENT 
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News—New Products 

OreOga 

ndildrieS 

STAR PERFORMANCE AS 
MANUFACTURERS OF TRANSFORMERS, 

REACTORS, FILTERS, TOROIDAL 
COILS FOR THE ELECTRONICS INDUSTRY 

Now in its ninth year of operation, Saratoga Industries, Inc. 

has built a solid reputation for the manufacture of 

precision windings. Approved for in-plant testing under 

MIL-T-27, Saratoga Industries, Inc. is also prepared 

to handle all' types of commercial production. Saratoga 

engineers invite your inquiry to help solve your problems 

relating to reactors, transformers, filters and windings of all types. 

:I> 

SARATOGA INDUSTRIES, INC., SARATOGA SPRINGS, N. Y. 

- - ,••••• 

A NEW FAST 1 Omc SCALER 

(0.1 MICROSECOND RESOLUTION) 

FEATURES: 

MODEL 410 SCALER 

1. Resolving Time: 0.1 sec. 

2. Maximum Continuous Rate: 
II), counts per second 

or 10 me: no hover limit 

3. Interpolation: 
Simple neon light indicators 
available Only in slower Scalers 

4. Scale Factor: 
Binary scale of 12N for maximum 
reliabilitv 

ustialls 

APPLICATIONS: 

Fast Nuclear Counting: 
When used in conjunction %volt conven-
tional slow Scalers (app. 103 counts per 
second): it extends their range to Mr 
counts per second 

2. High Frequency Measurements: 
Extends range of 100kc frequency count-
ing equipment up to 10 nie. 

3. Time Interval Measurements: 
Allows time interval measurements to 
an accuracy of 0.1 sec. 

ELECTRICAL AND PHYSICAL INSTRUMENT CORPORATION 

DESIGN, DEVELOPMENT AND MANUFACTURE 

ELECTRONIC AND ELECTRICAL DEVICES 

Sales and Business Office 
25 West 43rd Street 
New York 36, N. Y. 

Telephone: Longacre 4-2265 

Write for Bulletin S-1 

Engineering Division 

42-19 27th Street 
Long Island City 1, N. Y. 

Telephone: Stillwell 4-6389 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 108A) 

excessive plate dissipation, the switch will 
operate with any tube whose radiant 
energy density at the bulb surface is 
greater than one watt per square inch. 
Rugged and easy to install, the new device 
is resistant to shock and vibration, has 
positive snap action, and can be readily 
adjusted to the desired operating level. It 
is also capable of controlling sizable cur-
rents. 

The switch differs from thermostats in 
that it is actuated by (direct) radiant 
energy and is essentially unaffected by 
ambient temperature changes. It shows no 
material change in characteristics over an 
ambient range of — 20° to + 100°C. For 
detailed data contact the Component Sales 
Dept. 

Two-Speed Precision Drive 

The control of variable capacitors, in-
ductances, slide wire potentiometers, 
wave-meters, and so forth, requires exact 
angular movements from 0° to 180°. The 
"licrodual," a two-speed precision rotary 
drive, designed to provide this precision 
without backlash is announced by Trans-
radio Ltd., 138 A Crontwell Rd., London, 
S.W. 7, England. 

The main feature of this instrument, 
the manufacturer claims, is that it is pos-
sible by axial displacement of the control 
knob to select the desired speed ratio with 
no observable backlash on either range. 

Helicoidal gearing is employed and the 
main drive is by split and spring-loaded 
gears with automatic take-up of any wear 
or play between the primary and sec-
ondary drives. 

On all models the main dial is divided 
into 100 divisions equivalent to 180°: this 
is accompanied by a separate decimal in-
dicator. The indicator needle of the main 
dial, as well as of the decimal indicator, is 
permanently attached to the output shaft, 
giving a performance amounting to 100 
per cent precision of reading. Ample 
torque on the center spindle is assured, the 
drive on the lower ratio is positive and the 
friction drive is used on the higher ratio 
where it is most effective. 

The separation between successive 
markings on the decimal indicator can be 
as small as 5.4 minutes ( = 1/2000 XFull 
Scale Deflection) and positioning to within 
2.7 minutes is obtained. 

(Continued on page 112A) 
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LABORATORY PROVEN 

PRECISION 
INDEXING 

2:410:;0 
PER HOUR 

For the first time KAHLE makes avail-
able separately the index mechanism 
(Model 2248) with or without chassis 
(Model 2144A) which is capable of 
indexing at 2400 per hour! This is the 
heart of many famous machines whose 
ruggedness, precision and minimum 
maintenance requirements have made 
KAHLE a leader and name well known 
throughout the world in electronics 
and the glass industry. 
KAHLE's more than 40 years of ex-
perience have perfected these units — 
used in the electronics and glass 
industries in such applications as an-
nealing, fire polishing, sealing, etc. — 
which are offered for installation on 
your own tables or incorporated in 
your own machines. Index mechanisms 
are available with 8. 16, 24, 30, 32 and 
48 positions. • 
Particulars about special features of 
the indexing chassis ... Dual-Motor 
Drive, Timer-Index Control, Automatic 
Head Stop, Universal Head Recep-
tacles, etc.... will be given gladly. 
Write KAHLE today for complete in-
formation. 

FAIRCHILD 

Developed in the Electronic Laboratories of the Fairchild Guided 

Missiles Division, the Fairchild Transistor Dynamic Analyzer incor-

porates in a single instrument all features necessary for testing transistor charctc-

teristics. Durng the past two years, this instrument has served as an essential 

tool in the Fairchild Laboratories for designing transistor circuits for use in 

missile guidance systems. 

The Analyzer provides accurate and complete plots of static and dynamic 

characteristics of Transistors — point contact amid junction. Its principles are 

basic, to meet future Transistor needs. Complete with all calibrating circuits 
built in — only external equipment, a standard DC oscilloscope. 

liieeminglorm 
fer•nr•inig. 041::f 

e 1••••• • 

elf ••• UMW 

• 'MIN:: . 11 

car2::'11:11'1111 
e:111:11.111  .1:1 UM! 

TYPICAL SCOPE PRESENTATIONS 

Presents on the Scope: Alpha vs Emiter Current • Collector, Emitter and 

Transfer Characteris-ics • Collector Characteristics in Grounded Emitter 

Connection • Sweeping Technique Shows Up Anomalies • Complete 

familles of cur'-'es obtainable in 10 ircremental steps fo v each 5 ranges. 

Fl ENGINE AND AIRPLANE CORPORATION 
AIRCHILD 

6teihddileitdeedietie 
Wyandanch, L. I., N. Y. 

Other tivisions: Aircret Diqaion, Hagerstown, Md. • Engine Di<ision, Farmingdale, N. Y. 
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POWER SUPPLY' 
Eliminating all vacuum tubes, Acme Regulated Power 

Supplies provide extremely dependable, trouble-free, 

accurate, most economical service for industrial and 

laboratory purposes. Regulated by magnetic amplifiers. 

Such units will give a minimum of 20,000 hours' continuous 

service. Available in variety of voltages and frequencies. Typical: 

Here shown is Type S-730. Input: 100-120 v. AC; 380 to 

420 cps. Output: 6000 v. DC • 5%, with 100 microampere 

load; 600 v. DC tap; ripple voltage less than 120 v. 

peak-to- peak at 100 microampere load. Temperature 

Range: Designed to operate from 55 °C 

to 85 ° C, and at — 55 ° C at 50,000 ft. altitude. 

Potted Unit which elminates altitude problems inherent in oil-

filled designs. This particular unit does not include magnetic amplifier. 

FUNCTION- FITTED TO YOUR NEEDS 

Send us your power supply requirements. Acme 

either has a standard unit that will do, or will design and build 

o special unit for you. Literature on request. 

A ER°V°X CORPORATION 
(LECTRONICS INC 

" 
n I -evb DIVISION 

OLEAN, N. Y. 

PASADENA, CALIF. 

A EROVOX CORPORATION 
NEW BEDFORD MASS 

In Conrad°. AEROVOX CANADA LTD., Hamilton, Ont. JOBBER ADDRESS: 740 Belleville Av•, New Seaford, Moss 

Export, 41 E. 42nd St., New York 17, N. Y. • Coble: AEROCAP, N. Y. • 

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

(Continued from page 110A) 

Cushion Jewel Mountings 

A new cushion mounting for shock pro-
tection of jewel assemblies has been de-
veloped by Richard H. Bird & Co., Inc., 
Waltham. Mass. The mount has a resilient 
cushion of silicone rubber which absorbs 
vibration and serious shocks which might 
otherwise put the assemblies out of align-
ment and cause additional damage to the 
jewel bearings. 

The cost of this shock protection is 
comparatively low, according to Bird, and 
the company can provide variable cushion-
ing to suit the differing operating condi-
tions. The silicone rubber withstands ex-
posure to temperatures from — 85°F to 
325°F. This cushion mounting also elimi-
nates the possibility of damage by inex-
perienced assembly- line operators, pre-
vents loose assemblies and gives complete 
control of the jewel movement. These 
cushion-jewel bearings provide inexpensive 
shock-proofing for delicate instruments; 
and the more rugged, including meters of 
various types, have a longer life-expectancy 
free from need of readjustment. 

VOR Signal Generator Tester 

The t ype II- 16, manufactured by Air-
craft Radio Corp., Boonton, N. J., pro-
vides a means of checking the phase-
accuracy of the modulation on l'OR (omni-
range) signal generators. 

The Standard Course Checker will 
measure the phase differences between the 
30-cps envelope of the 9960+ 480-cps 
reference modulation and of the 30-cps 

(Continned on page 113.4) 
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variable modulation. Easy to operate, the 
checker is readily portable for laboratory 
or field use. 
A built-in self-checking circuit assures 

accuracy of the instrument. Prior to each 
measurement the H-16 is itself checked in 
a few seconds. 

The H-16 checks the following courses: 
0° "TO" ( 180° "FROM"), 180° "TO" (0° 
"FROM"), 15° "-ro" 0950 -FROM 

Amount and sense of error up to a 
maximum of 4° is indicated on the panel 
meter. 

The instrument operates dependably 
under prolonged periods of high humidity 
and temperature. Measurements may be 
made almost immediately after tube warm-

Input power is 35 watts, 115 volts, 60 
cps. Input voltage may vary 105 to 130 
volts and frequency front 50 to 70 cps. 

The instrument is 154' inches wide and 
weighs 11.77 pounds. The companion 
power supply unit weighs 5.3 pounds. 

It is priced at $398.00 f.o.b. 13oonton. 
J. I s, iii literature on re(piest. N 

Crossbar Switch 

.\tea type cro»bar switch tor multiple 
switching of audio and video 
computer systems, and many other appli-
cations, has been announced by James 
Cunningham, Son & Co., Inc., 13 Causal 
St., Rochester 8, N. Y. 

The switch is able so handle high ire 
quency at a low cl  ', stalk level. It i-
available with 4 or 10 link levels. and eit her 
10 or 25 line levels. Each circuit may ha\ e 
up to three conductors. 

Pr<sper transmission is achieved at fre-
quencies as high as 70 mc. Bridging capas' 
tance between adjacent conductors is 15 
gpf. Th, crosstalk level between two cir-
cuits with common ground, and adjacent 
in both line and link levels, is down more 
than 65 (lb at 10 ¡ sic. 

The 10X10 switch is 8 by 11 by 3.'2 
is and weighs 10 pninds. It 12111\, lii 
111M1111111 Ill sily position. 

The ,--\\ itch lunctions by the action of 
electromagnets which set up and hold the 
connect ions. This operat ion is completed in 
kiss than 14 milliseconds, and relea'-&' 

effected in 2 milliseconds. 

(COillitttedd Olt page 11/A) 
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511-wirŒ 

•••to 
your 

needs 

*Not mere cercrnic 

capacitors but uni?s 

engineered to your 

cir:uitry, associated ..-omponints 

and operational 

conditions. 

Hi-O specialists are 

ieady to collaborate 

with your engins ers 

fr she ideal application. 

11iJlRTll©'l 
lIFiTll 

These trimmers, stand-off caoacitors and resistor-capacitor combi-

nations are typical of Hi-Q special components developed largely 
to meet special needs. They suggest what Hi-Q specialists can 

accomplish in designing and producing ceramic units for any and 
all purposes. 

Capacitor elements in Hi-Q special components meet all require-
ments as established by RIMA for Class 2 ceramic dielectric capa-

citors specifically suited for by-pass and coupling applications, or 
for frequency discriminating circuits where Q and stabil ty of 

capacitance are not of major importance. Where Class 1 capaci-

tors are required, HI-0 specialists are again ready to study your 
most rigid specifications. 

AEROVOX CORPO RATION 
ÔLEAN. N.Y. , T —WILKOR RESISTORS 

AEROVOX ACME 
CORPORATION ELECTRONICS INC. 
NEW BEDFORD, MASS. PASADENA 4, CALIF. 

In Canada AEROVOK CANADA LTD. Hamilton. One 1005r1 ADDRESS: 740 Belleville Ante New bitdomd, Mom. 

Export 41 E. 42nd St., Nme, Yorli 17, At. Y • Coble. AEROCAP. N v. e 
_ 
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TYPE 756-
Fairchild's latest single-turn 

PRECISION POTENTIOMETER 
Gives you all these advantages... 

1 Extremely low noise level and longer life with sustained high ac-curacy result from improved windings and wiper design. These 
improvements also permit higher rotational speeds with minimum of wear. 

2 Higher resolution ( 0.05',Í7 at 2,000 turns) and close functional 
tolerances ( linear ±0.25%; non-linear 0.35'i with 3:1 slope ra-

tio in high resistance ranges) give higher point-to-point tracking qualities. 

3 Standard electrical functional angle is 320 deg. nominal with ORV 
tolerance of -±5% in resistance range from 800 to 40,000 ohms. 

Electrical functional angle of 350 deg. nominal with ORV tolerance of ±3% 
in resistance ranges of 50 to 45,000 ohms can be supplied on special order. 

4 
5 

Greater flexibilitv — For non-linear functions as many as 13 taps 
can be provided .by adding extra terminal boards. 

All the desirable qualities of the well-known Type 746 unit, includ-
ing easy and more accurate phasing, ganging up to 20 units on a 

single shaft, all-metal precision-machined housing and shaft, low torque, etc., 
are included in the Type 756. 

Full information about the entire line of Fairchild Precision Potentiometers, 
including specifications of the Type 756 unit and how we can help solve 
your potentiometer problems, is available for the asking. Write to Poten-
tiometer Division, Fairchild Camera and Instrument Corporation, Park Ave-
nue, Hicksville, Long, Island. New York, Du partment 140-39H1. 

'Ike/We 
PRECISION POTENTIOMETERS 

II 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 113A) 

Multi-Tester 

Electronic Measurement Corp., 280 La-
fayette St., New York, N. Y., has an-
nounced the addition of a new tube-bat-
tery-ohm capacity tester to their line of 
testing equipment. Model 207 features a 
large 1 inch meter for counter use. EMC 

(1> 

tr. 

states that it is a durable, accurate in-
strument that gives direct readings for 
all tubes through the standard emission 
method of testing. Four-position lever type 
switches are used. It is housed in a portable 
oak carrying case with removable hinge 
,,ver. Model 207 C is priced at 865.90: 
\ I odel 207 P portable case with removable 
ver at $69.90. 

Germanium Diodes 

Hermetically-sealed germanium diodes 
in production quantities are now available 
from Hughes Aircraft Co., Semiconductor 
Sales Dept., Florence Ave., at Teale St., 
Culver City, Calif. Hughes subminia-
turized diodes are supplied in 17 RTMA 
types, including three JAN approved 
diodes, as well as other types. 

The glass- to-metal seal combats the 
major cause of diode failure, moisture 
penetration of the diode envelope. A new 
fusion sealing process is employed. 

Other advantages include resistance to 
heat by avoiding materials that soften 
below 300°C, maximum space economy 
through subminiaturization, and wide 
range of electrical characteristics including 
high back resistance combined with high 
fg,rward conductance. Each diode is 
h u midi t y-cycled, temperature-cycled, JAN 
drop- tested, and electrically tested under 
vilra tic)) t. 

(C,ntinEted on page 1I6A I 
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WAVEGUIDE 

emperents 
TO SPECIFICATIONS 

SINCE 1943 

TEES BEND, 

MIXERS RATRACE, 

DUPLEXERS CAVITIES 

ROTATING JOINTS PADS 

FILTERS PHASFR s 

ArrEN CATORS FLANGES 

ELECTRONIC ASSEM BLIES 

SPEcLu. PURPOSE COMPONENTS 

For the complete story on 

Premier's fully integrated 

engineering, production 

and testing facilities, write 

Dept. IRE today for our 

new brochure. 

e 
•9.4 

PREMIE 
INSTRUMENT CORP. 

\\ est ilouston Street 

New York 12, N.Y. 

GLASSCAPS 
the Plastic Film Dielectric 

CAPACITORS 
with all these advantages: 

or=e-
or 

Glass Container Design 

Smaller Volume 

Easier To Mount 

Hermetically Sealed 

Lighter Weight 

By seuecting the proper plasqc film di-

e ectric, electrical characteristics are; 

• HIGHIS1 VOLTAGE PER SIZE 

• LOWEST DIELECTRIC ABSORPTION 

• LOWEST POWER FACTOR 

oui ei-
°e teete% c.0‘\useole 

ce°W9 
e 'lee 

c)oreleela 

\c'e eenect 

• HIGHEST RESISTANCE 

G HIGHEST STABILITY WITH LIFE 

• WIDE TEMPERATURE RANGE 

Send us your specifications 

Plastic F Ion Capacitors • High Voltage Power Supplies • Pulse Forming Networks 

/9 /a i lic eapacitori, 
2511 W. MOFFAT STREET, CHICAGO 47, ILLINOIS 
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hermetically 
sealet 

relays. 
engineere40 
to your 

requirements 

Relays to meet all standard or 
armed services requirements 

Phil-Trol Hermetically Sealed Relays are 
specially designed to meet the most rigid 
specifications and severe operating conditions. 
They have exceptionally high factors of safety 
and dependability. There are Phil-Trol Sealed 
Relays for most military, commercial or 
civilian aircraft applications. They are extremely 
compact, will withstand vibration, dust, dirt, 
moisture, oxidation and temperature changes. 

Wiring diagrams are clearly printed on the 

enelosures and protected with a coat of 
clear lacquer. 

Phil-Trol has complete engineering, production 

and testing facilities for hermetically sealed 

relays, all under one roof, making it possible 
to give faster delivery and higher quality on all 
your sealed relay requirements. 

Let us help you plan efficient, money-saving 

applications of Phil-Trol Hermetically Sealed 
Relays for your requirements. Send the 
coupon below! 

- 
IS THE REGISTERED TRADE MARK OF 

PHILLIPS CONTROL CORP., JOLIET, ILLINOIS 

OFFICES IN ALL PRINCIPAL CITIES 

remmommumommmmumemain 111BIMIMM3 
PHILLIPS CONTROL CORP., DEPT. PI, JOLIET, ILLINOIS 
Please send me a free copy of the new Phil-Trol Relay and Actuator II 
Catalog. 

Name T Ile 

I Company 

111 Address  

City_   Zone State  

L am ffl ffl ffl MR MI RIM 

116A 

OUSI-Pe° 
pROOF 

vott/HER-

VIBRATION-PROOF 

DIRT-pRoo F 

MO/STuRE 

Oxio 'PROOF 

r p e  00r 

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 114.4) 

Connector Catalog 
Buchanan Electrical Products Corp., 

Hillside, N. J., offers a new 16 page cata-
logue, number 53, which describes their 
complete line of solderless wire connectors 
and specialized electrical fittings. It con-
tains illustrated descriptive information on 
"pres-SITRE-connectors" for solderless 

wire splicing and terminating, "Bushend" 
insulated bushings for electrical metallic 
conduit, "Snap-Action" plugs for tem-
porary or permanent plugging of knockout 
holes in wire device boxes and other ap-
plications; also heavy duty molded termi-
nal blocks in various styles, types, arid 
sizes. Complete specifications, dimensional 
data, application instructions, and order-
ing information are given. 

Binary Counter 
Laboratory for Electronics, Inc., 75-4 

Pius St., Boston 14, Mass., is introducing 
a new magnetic 9-stage binary couiner 
plug-in package that counts at rates up to 
50 kc., and is a minimum element unit, 
8X 2 X 2 inches in size. 

f›,1, eet 
-14 

Among the advantages of the Model 
1001 are low power requirements, wide 
tolerance on power supply variations, and 
minimum numlier of tubes. 

Major applications of the Model 1001 
Magnetic Binary Counter are those relat-
ing to pulse rate scaling anal digital control 
systems. It can he applied to perform such 
functions as integration, addition, mol-

(Continued on page 11$A,1 
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Continuous 
operation 
at exceptional 
temperature 
ranges 
—up from + 210°C (+410°F) 
to —90°C (- 130°F) and 
below 

gm» mu» Allt 

ifiri111111011 
In gm» mow Mu mows wwWil oilwaa «Ma SO 

/00K-UP WIRE 

EXTRUDED TEFLON (Tetrafluoro-
ethylene) hook-up wire is organi-
cally capable of sustained opera-
tion from +210°C to —90°C with 
no appreciable decomposition. 
This wide range of operating 
efficiency continually opens new 
applications for EXTRUDED 
TEFLON — especially where con-
stant stability under exceptional 
temperature conditions is re-
quired for long periods. 

TEFLON 

EXTRUDED TEFLON +210°C to 
—90°C is non-inflammable . . . 
is resistant to chemicals . has 
no known solvent. 

Because of low electrical losses, 
EXTRUDED TEFLON is adaptable 
for high frequency use. It has 
very high volume and surface 
.resistivity. 

EXTRUDED TEFLON is available 

\ 

\ in thin wall and specified hook-
up wire sizes, with shield or 
jacket, also as coaxial cable. 
Now available in 10 colors — 
black, brown, red, orange, yel-
low, green, blue, violet, gray, 
white. Samples available. 

MAKE SURPRENANT YOUR HEAD-

QUARTERS FOR ALL TECHNICAL 

HOOK-UP WIRE INFORMATION. 

da$Zel7e 7 :1FG. CO. 
199 Washtngton St Boston I. M., PlOOliCh01,011. Mass 

Engineered Wit, and Cable lo. S. Electronic and Aircraft Industries 

SUB-MINIATURE INDICATOR ASSEMBLIES 

A great aid to your miniaturization program 

.ACTUAL 
SIZE 

MOUNT IN 15/32" HOLE 

ALL LENS COLORS 

t-Aut, 

NON•DIMMING 
No 8-1930-621 

Easy lamp replacement 
with any midget flanged 

base lamp types 

Complete blackout 
or semi-blackout 
dimmer types 

.1111011.4 
,Zgas2SIV,>. 

MECHANICAL 
DIMMER 

No. 11-1930-6VA 

THESE ASSEMBLIES LOGICALLY REPLACE 
LAMPS NO. 319, 320, and 321 

REPLACE 
WITH THIS 

NOT 
THIS 

OR 
THIS 

PLASTIC PLATE (EDGE) LIGHT ASSEMBL1W 

ACTUAL Slit SIZE 

C) 1952 

AIR FORCE and BUREAU of AERONAUTICS 

,‘ MIL-L-7806 DRAWING MS-25010 

DIALCO No. TT-51 (Red filter-black top) 
... or, No. TT-51A, complete with No. 327 Lamp 

ALSO MADE 
with other filter colors 
and with light-emitting 

top (for indication) 

ACTUAL 
SIZE 

ALL OF THE ASSEMBLIES ILLUSTRATED 
ACCOMMODATE LAMPS NOS. 327, 328, 330, and 331. 

ANY ASSEMBLY AVAILABLE COMPLETE WITH LAMP 

SAMPLES ON REQUEST — NO CHARGE 

Foremost Manufacturer of Pilot Lights 

DIALIGHT CORPORATION 
60 STEWART AVENUE, BROOKLYN 37, N. Y. HYACINTH 7-7600 
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HYCOR 

FEATURES . . . 
• HYCOR telemetering filters have excellent character-

istics due to the use of high "Q" toroid inductor ele-
ments. The filters may be used in low level circuits with 
negligible hum pickup resulting. 

• In addition, only the finest capacitors are employed 
to assure stability. 

• Available in standard RDB frequencies. 

GENERAL, SPECIFICATIONS 
IMPEDANCE 500/500 OHMS 

TYPE BANDWIDTH ATTENTUATION FREQUENCY RANGE PRICE 

1500 
7.171/2 % —3 db or less 

400 cps to 14.5 kc. 5 55.00 
-±-20% —30 db or more 

4300 
-.-71/2 % —3 db or less 't 400 cps to 960 cPs 82.50 

-2-20% —40 db or more .i 1300 cps to 14.5 kc. 75.00 

4000 

l 71/2% —3 db or less 1 400 cps to 960 cps 105.00 

. 15% —45 db or more I 1300 cps at 14.5 kc. 

95.00 15% —3 db or less 
22 kc. to 70 kc. 

-2-28% —45 db or more 

Other frequencies and impedances available on request 

11423 VANOWEN ST., NORTH HOLLYWOOD, CALIFORNIA HYCOR 
KC. 

Manufacturers of Precision Resistors, Toroid Inductors and Electric Wave Filters 

REPRESENTATIVES: 
Jack Beebe, 5707 W. Lake Street, Chicago. Illinois 
George E. Harris & Co., Box 3005, Municipal Airport, Wichita, Kansas 
Marvin E. Nulsen, 5376 E. Washington St., Indianapolis 19, Indiana 
Burlingame Associates, 103 Lafayette Street, New York City 
Canada: John R. Tilton, 1166-A Lake Shore Road, Long Branch, Ontario 

SUnset 3-3860 

Style 18 (Medium), 

500 yd. spools, 

black or natural 

if 'rite for FREE 

samples and prices. 

•Patent Pending. 

• 

For further information 
contact your nearest 
Hycor representative or 
write for Bulletin TF 

for lacings that stay put! 

GUDELACE 
BRAIDED NYLON LACING TAPE* 

A New and Revolutionary Type of Lacing 

• Saves time, saves money, greatly 
reduces the number of rejects 

• Won't " bite through" insulation 

o Won't cut wiremen's fingers or cause 
dermatitis 

• Ties easier, ties tighter and cuts down 
on slipping of knots 

• 

Let GUDELACE answer your lacing problems. 

GUDEBROD BROS. SILK CO., INC. 
Electronics Division Dept. D 

Main Office: 12 South 12th Street, Philadelphia 7, Po. 

225 West 34th Street, New York 1, N.Y. 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 116,4) 

tiplication and division when used in con-
junction with other LFE plug-in packages. 

Another new device is the Model 1002 
Gating Unit Plug- In Package which is 
used in combination with the Model 1001 
Magnetic Binary Counter to permit pulse 
multiplication and division, scale factor-
ing, and other functions. 

Laboratory for Electronics is also in-
troducing the Magnetic Pulse Syn-
chronizer Plug-in Package Model which 
synchronizes rates up to 50 kc. This unit 
provides a means for accepting pulses at 
random times and synchronizing them 
with pulses occurring at known times. The 
design is independent of tube types and 
input signal characteristics, and has a very 
low input power requirement. 

Plug In Meter-Relay 

the new Model 265 non-indicating 
meter-relay, produced by Assembly Prod-
ucts, Inc., Chagrin Falls, Ohio, has a 
balanced movement and self locking con-
tacts. It is sealed in a metal can and can be 
furnished with either an octal plug con-
nector or other type of sealed header. The 
jeweled movement is shock mounted. 

Sensitivity ranges are listed from 0.2 
microamperes to 50 amperes, or 0.05 milli-
volts to 500 volts. Copper oxide or crystal 
diode rectifiers are used for ac operation. 
Rectifiers or rf thermocouples can be in-
cluded inside the sealed case or they may 
be used externally. 

Contacts lock in by a holding coil in 
the relay. They are released by breaking 
the circuit to the holding coil. Contacts are 
rated 5 to 25 dc milliamperes at 75 to 125 
volts. The contact current energizes the 
holding coil. Contact arrangement is 
spsT or SPDT. 

Accuracy is factory adjusted to within 
3 per cent of the specified voltage or cur-
rent. By adjusting circuit resistance the 
accuracy can be improved to within 1 per 
cent. 

(Continued on Page 120A) 
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DON'T DRAW IT! 
—PRINT IT— 

•TRANSPAR ENT 
• ASA Standard Symbols 
• 27 Stamps Per Kit 
• Large Selection 
• Special Pads 
• Opaque Ink 
• Under $30.00 

John Griffin Company 

2157 James Avenue 

St. Paul 5, Minn. 

.9716 RIGHT 
ceoeteed e:ez,eic 
b. YOU 

Over the years. leading manu-

facturers have learned to rely 
upon APEX when selecting dur-

able, fast colored. sales-improy-

ing fabrics for: 

PORTABLE PHONOGRAPHS 

PORTABLE RADIOS 

TAPE RECORDERS 

TV BOOSTERS 

SERVICING KITS 

ANTENNA ROTATOR CON-
TROL CABLES 

SERVICEMEN'S CARRYING 
CASES 

PORTABLE PA SYSTEMS 

PORTABLE TV SETS 

TEST INSTRUMENTS 

SOUND & PROJECTION 
EQUIPMENT 

INDUSTRIAL & MEDICAL 
EQUIPMENT 

It will cost you nothing 
to let APEX specialists 
consider your problems. 

APE) 
COATED 
FABRICS 

APEX COATED FABRICS, Inc. 
16 East 22nd St. N. Y. City 10 

Phone: SPring 7-3140 

IFor 27 years "The House of Service 

does your 
problem 
involve a 

I 11 I 
it 2) 

MANUFACTURING 

TO YOUR BLUEPRINTS 

AND SPECIFICATIONS 

New tube bending techniques make it possible 
for Meridian Metal craftsmen to hold extremely 
close tolerances in continuous bends. By use of 
ingenious methods, exact conformity of all parts 
in a production run is obtained. Accurate control 
in every phase of manufacturing insures compli-
ance with rigid dimensional requirements of 
wave guide components, resulting in excellent 
broadband operation. 

SMALL OR LARGE PRODUCTION WITH 

LOW COST TOOLING 

Meridian Metalcraft, Inc. is equipped to manu-
facture in volume or to produce prototypes on a 
model shop basis. Our specialized metal crafts-
men can often recommend design changes dur-
ing the fabrication of prototypes for increased 
economy and efficiency if and when quantity 
production is desired. 

MERIDIAN METALCRAFT, INC. 
213 WEST WHITTIER BLVD., WHITTIER, CALIF. 

FOR THE ELECTRONIC. RADAR AND TECHNICAL INDUSTRIES 
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News—New Products Iii krge fed e prodaaroff HOW 

American 
Electronic 

AVAILABLE FOR IMMEDIATE DELIVERY! 

Size 15 
UNIVERSAL- FREQUENCY 
PRECISION RESOLVER 
Minimum noise, highest 
accuracy. Basic to all 
trigonometric operations. 

Size 15 
UNIVERSAL-FREQUENCY 
PRECISION POTENTIOMETER 
Continuous rotation, 
induction type. Accuracy 
comparable to resolver. 

Model 171 

SERVO COMPUTING 
TACHOMETER 

Companion to Model 172 
Servomotor. Superior 
linearity and signal-

to-noise ratio 

READY FOR FALL DELIVERY: 

Size, 11 and 23 Induction Resok-
ers and Potentiometers • Sizes II 
and 15 Servo Control Motors and 
Computing Tachometers • Model 
293 Brushless Potentiometers. 

ÎiE 

MEASUREMENTS CORPORATION 

m o d,,I 140 

SYNCHRO 
GENERATORS 

Model 141 

SYNCHRO CONTROL 
TRANSFORMERS 

A pair with an established reputation. 

The heart of modern two-speed systems. 

Model 172 

SERVO CONTROL 
MOTORS 

Standard" in many modern 
computers and controls. 

Thousands in use 

FEATURES 

• Maximum accuracy, signal-to-noise 
ratio, range of linear operation. 

• Minimum noise, size and friction. 
• Total magnetic shielding. 
• Internal winding or external 
network compensation. 
• High temperature resistant models. 
• Corrosion and fungus resistant. 
• Complete line of "packaged" 
compensating isolation 
driver-amplifiers. 

• Reliable delivery commitments. 

American Electronic Mfg., Inc. 
9503 W. Jefferson Blvd., Culver City, Calif. 

/ UHF TELEVISION 
• Standard Signal Generator 

SPECIFICATIONS 

FREQUENCY RANGE: 300-1000 megacycles. 

OUTPUT: .1 Microvolt to 1 Volt, across 50 Ohms. 

OUTPUT IMPEDANCE: 50 Ohms coaxial. 

MODULATION: Internal 400 cycle, continuously 
variable from 0 to 30 % . Provision for ex-
ternal modulation of 50 to 20,000 cycles. 

LEAKAGE: Negligible. 

SIZE: Overall Dimensions: 11 3/4 inches high, 19 
inches wide, 11 inches deep. 

WEIGHT: Approximately 40 pounds. 

POWER: 1 1 5 volts, 60 cycles, 120 watts. 

Write for complete details 

MODEL 84-TV 
300-1000Mc. 

SqruMarPeSuileWsneaarGlee:Geeentneaert:ratte:trorasrstes TV Standard Signal Generators 

Vacuum Tube Voltmeter 
UHF RtraednigothNoi setear:Jew 
S 

AFittacecle Meters 
Intermodulation Meters 
TVs FM Test Equipment 

BOONTON NEW JERSEY 

These manufacturer; l'ace invited PROCEEDINGS 

readers to write for literature and furthe- technical 
information. Please mention your I.R.E. affiliation. 

(Coatipned ¡rum page 118A) 

24-Inch Rectangular 
Picture Tube 

National Union Radio Corp., Hatboro, 
Pa., announces that it is now in production 
on a 24-inch rectangular picture tube 
which is belig supplied to set manufac-
turers for the Fall line of TV sets. 

N.U.'s tube known as type 24C/VP4 
is magnetically deflected and magnetically 
focussed and employs a tinted gray face-
plate. Minimum over-all length is achieved 
through the use of a 90° deflection angle. 
Picture size is approximately 17.1 X211-
inches. The tuhe is rated for operation 
with second anode vitentials up to 18 kilo-
volts. Typical operation calls for 300 volts 
on G2 and 17 kilovolts on the second 
anode. 

The improvement in the spot size and 
reduction in the sp:ash by use of a new gun 
is shown in the illustrated micro-photo-
graphs taken a superior 21EP4A tube 
and on an average N.U. 24C/VP4 rube 
using the new de-,ign gun. Beam currents 
and second aaode potentials are the same 
for both spots. it will be noted that even 
though the 24-inch tube has approximately 
15 per cent greater raster height, the spot 
size is very much smaller than for the 21-
inch tube. Further, it will be noticed that 
there is a much greater concentration of 
electrons in the sma:ler spot which is evi-
denced by the greater brilliancy of the 
spot. 

Computer Memory Unit 

Computer Control Co., 106 Concord 
Ave., Belmont 78, .Mass., announces de-
elopment of a memory unit, Model 3C1-

384, composed of a solid acoustic delay 
line and associated circuitry. This unit is a 
complete package ready for installation in 
a computer. The design includes the entire 
memory circuit in one plug-in type chassis. 
Groups of these units are used in a com-
puter to provide sufficient memory. A 
complete memory circuit can easily be re-
moved for servicing and a spare Lnit 
plugged in to keep the computer operating. 

(Continued on page 122A) 
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Top Service 
IS ASSURED WHEN 

YOU ORDER YOUR 

RAYTHEON 
TUBE'S 

and JUNCTION TYPE 

TRANSISTORS 
FROM 

DALIS 
Metropolitan New York's 

Foremost Electronic Distributor 

Immediate Delivery From Stock 

SERVING THE TRADE FOR OVER 
A QUARTER CENTURY 

PHONE: Algonquin 5-3000 

WRITE or WIRE: Dept. IND 

TELETYPE: N. Y. -2482 

WHOLESALE DISTRIBUTORS 
ELECTRONIC EQUIPMENT 

115 VARICK ST., ,NEW YORK 14 HEPPNE  

vie 
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FEATURES OF BOTH MODELS 

STAYS PUT—No wobble; no shift during 
shipment; no realignment necessary when 
your TV set is installed in the home. 

EASILY ADJUSTED— Slides more uniformly 
over tube's neck due to metal-to-glass 
contact. 

STABILIZED AND TESTED on special equip-
ment designed and used only by Heppner, 
each individual Heppner Ion Trap is guar-
anteed to meet your working requirements. 

UNUSUALLY FAST DELIVERY. 

LIGHTWEIGHT—Snap-On Model weighs 
only AI ounce; Slip-On Model only 3/5 
ounce. Will not harm tube's neck. 

ALNICO P.M. USED—Retains magnetism 

indefinitely. 

..••••• 

••• 

• • .•• 5PtN' 
..•••••• eer S 

et, 0 ¡tare 
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eePPeef 

• • • ...• 
, • • • MODEL T-312. The new simplified steel 

• • • • • construction lowers manufacturing costs 
by fully utilizing, for the first time, the 
Alnico permanent magnet's maximum 
efficiency. This makes Model T-312 the 
lowest priced ion trap on the market. 
Installs in only 2-3 seconds—just slip on. 

SNAP-ON ION TRAP net 
__see e 

,ctp ØT1. ... • 
ts,..;est Si' 

• • • . •• 

. estate j . • • 

inSte  1 --^--- • • • • • • . 

. • • 

. • • • • • MODEL E-437. Saves you expensive 
production manhours with EXCLUSIVE 
instant snap-on feature. Reduces your 
parts costs because priced below com-
petition. Clamp-type construction of 
Hardened Spring Steel. 

Write today for further information on better ion traps at lower prices. 

R Representatives: John J. Manilas 
60 E. 42nd St., New York 17, N.Y. 

James C. Muggleworth 
506 Richey Ave., W., Collingswood, N. J. 

MANUFACTURING COMPANY Ralph Haflaàr 
Round Like, Illinois (50 Miles Northwest of Chicago) 2417 Kenwood Ave.. Ft. Wayne 3, Indiana 

Phone: 6-2161 Irv. M. Cochrane Co. 
SPEciAus Is IN ELECTROMAGNETIC DEVICES 406 So. Alvarado St., l_os Angeles, Calif. 
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brings you the RESISIINIIII of any 

RESIMIED PRODUC1 

Resinite Coil Forms are labora-

tory tested and field proven. 

Their operating characteristics— 

Volume resistivity . . . power 

factor .... thermal properties .. . 

low moisture obsorption ... and 

resistance to voltage break-

down — represent a new 

achievement in basic compo-

nents for electronic application. 

Resinite Coil Forms are available with inside or out-

side threads, slotted, punched or embossed. Axial 

pressure in excess of 25 lbs. is accomplished through 

a special three row threaded design. Torque can be 

controlled to or — 1 in. on. 

AM. I 

[RESINITE DIVISION OF PRE 
CORPORATION 
CISION PAPER TUBE 

2035G W. Charleston St.. Chicago 47, Ill. 
79 Chapel St.. Hartford, Conn. 

RESINITE 8104: for coil forms requir-

ing very high dielectric properties un-
der extreme humidity. 

RESINITE "AC": for applications re-
quiring very high dielectric strength. 

ELECTROLYTIC CORROSION IS IM-
POSSIBLE. 

RESINITE 104: for stapling. severe 
forming. fabricating. 

Send today for full &tans and techni• 
cal Information. 

Microwave 

Assemblies, 
Radar Components, 
and Precision 
Instruments 
manufactured to 
your Blueprints 
and Specifications. 

N.R.K. MFG. & ENGINEERING CO. 

4601 WEST ADDISON STREET • CHICAGO 41, ILL. • SPring 7-2970 

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

(Continued front page 120A) 

The unit stores 384 bits at a pulse repeti-
tion rate of 1 Mc. A self-contained heating 
element and thermal control gives tem-
perature stability to the quartz line. In-
herent accuracy of delay control greatly 
exceeds design requirements. All ger-
manium diodes are grouped in a single 
plug-in type sub-unit. All five tubes are 
6. \ N 5's operated 80 per cent below manu-
tacturers design center. 

The over-all dimensions of the plug-in 
chassis are 44 X5IX10 inches. A self-
contained filament transformer is optional. 
Input voltage requirement into write-
erase gate is 10 volts. The reshaped output 
signal level is 15 volts into a 100 ohm im-
pedance load. Carrier frequency is 20 nie. 
All circuits are degenerated, with reserve 
gain in the wide band IF amplifier. There 
is a gain control for initial adjustment of 
the IF stage. No tuning is necessary. 
Temperature coefficient of the quartz de-
lay line is — 123 parts per million per de-
gree centigrade. The unit is especially 
fitted for airborne use and is insensitive to 
shock. 

Plate Transformer 

A new air cooled plate transformer has 
now been added to the line of heavy duty 
(Juct I onic components manufactured by 
Magnatran, Inc., 246 Schyler Ave., 
Kearney, N. J. Its purpose is to furnish 
power to plate of rectifier tubes, which in 
turn supply high direct current voltage to 
all types of electronic equipment. 

These transformers are conservatively 
designed for trouble-free life and to with-
stand abnormal impulse voltage encoun-
tered in rectifier service. 

In addition to the open frame core and 
coil construction, all coils are layer wound 
with wire locked in place by means of 
special construction of the layers of in-
sulation. 

Entire unit is vacuum varnish impreg-
nated and coated with several coats of 
baking varnish to make coils impervious to 
moisture. 

Secondary leads are terminated with 
ceramic bushings, and primary leads are 
in screw terminals. 

(Continued on page 124A) 
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ALFAX UNIVERSAL 
RECORDING PAPER 

For the first time there is available an 
indelible recording paper—M.1,AX— 
that is NOT subject to humidity, tem-
perature or capillary action problems 
usually associated with pen and ink 
or papers marked by arcing or heat. 

ELECTRICITY IS THE INK 
THAT MARKS ALFAX 

Alfas paper can lie marked by cur-
rent as low as one volt and is instan-
taneous, permanent atol stable. Highly 
sensitive Alfas is capable of fourteen 
steps by simply varying the current 
through the paper. 

Alfas is the only paper that is ca-
pable of high speed recording, stable 
before or after recordin.:. is non- trans-
ferable, has low current consumption at 
high speeds, can record at high humid-
ity over all temperature ranges, is 
smudge proof and nonto>ic, widths front 
q" to 72". 
Alfas opens a whole new field of moni-

toring and recording of phenomena 
which never before In.ve been done 
easily and cheaply. 

THIS MONTH'S EXAMPtE 

T. find ma 
terial de-
fects in gun 
barrels a 
Govt. arsenal applied a helix recorder 
with Alfax paper that graphically re-
corded the inside of the barrel. in-
stantly showing the exitct in 
needed. No other recJrding medium 
wa, suited to this job. 

Request Booklet—describe your 
problem 

Alfax Paper & Engineering Co. 
Alden Research Center, 

Westboro, Mass. 
ENGINEERING SERVICE TO 
RECORDER MANUFACTURERS 

CONSTANT 

RESEARCH 

and 

DEVELOPMENT 

ELECTRONIC 
ASSOCIATES 

...re05.4nraede 

HAS ENABLED US TO 
PRODUCE ONE OF THE 
FINEST COMPUTERS 
AVAILABLE TODAY. 

AMPLIFIER GROUP, - TYPE 16-31C— 
provides 28 contact stabilized op-
erational amplifiers for use as sum-
mers, differentiators, integrators, 
and inverters. Also in the cabinet 
are all necessary power supplies 

and a complete test panel. 

MM1. 

MULTIPLIER GROUP, TYPE 16-31L— 
is a servo-mechanical multiplier and 
incremental funct:on generator. 
There are 20 channels, each of 
which is capable of mull:plying four 
variables by a fifth. 

RESOLVER GROUP, TYPE 16- 31D— 
furnishes 4 resolving channels and 
12 operational amplifiers. Each re. 
solving channel may also be used 
for multiplying three variables by 
a fourth. Furnished complete with 
test panel, reference supplies, and 
power supplies. 

CONTROL CONSOLE, TYPE 16-24E— 
Houses the grounded metal problem 
board and its bay, attenuators, in-
itial condition potentiometers, net-
works, limiters, and all operating 

controls. 

SERVO GROUP, TYPE 16-31P—For 
the operations of resolving and 
multiplying when used with exter-
nal amplifiers. There are two re-
solving and four servo- multiplying 
channels. The equipment is fur-
nished with test panel and power 
supplies. 

INQUIRE SALES DEPARTMENT 

LONG BRANCH, NEW JERSEY 
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CUSTOM 

CORD SETS 
RUBBER .. PLASTIC.. 

NEOPRENE 

Also 

"NOFLAME4OR" 

The Television 
Hookup Wire 

Designed, engineered and 

produced for YOUR products! 
For a delicate "walkie-talkie" 
or a huge arc welding unit ... 
put your wire problems up to 
CORNISH experts! 

...44DE Or ENGINEER': ENG E,EE ES 

New York 7, N.Y. 

_7x.„ One e.t.d.r in every Dieid 

BODNAR INDUSTRIES, Inc. 
leads in the field of 

TRANSILLUMINATED PLASTIC LIGHTING PLATES 
BECAUSE OF Quality • Uniformity • Performance 

Design & Layout "Know-How Service" 

Quantity Production Promptly 

NEW YORK —19 Railroad Ave., New Rochelle ( Home Office) 
TEXAS —Jefferson Tower Building, Dallas 
CALIFORNIA-4440 Lankershim Blvd., N. Hollywood 

CANADA —313 Montreal Trust Bldg., 67 Yonge St., Toronto 

SPECIMEN PANEL MIL- P-7788 (AN-P-89) SENT ON LETTERHEAD REQUEST 

Biggest 

AUDIO 

and 

HI-FI 

Event of 

the Year! Presented by THE AUDIO FAIR 
The annual event in the Audio field ut utrno..' 

interest to Government and Military Agencies, Broadcast Engineers. 
Recordists, Sound-On-Film Men, Hobbyists, High Fidelity Enthusiasts, 
and Distributors and Dealers of Audio and High Fidelity equipment. 
The AUDIO FAIR is the largest and most concentrated exhibition of 
Audio Equipment held under one roof! Every up-to-the-minute devel. 
opment will be represented, seen and heard. 

SPONSORED 
ay 

The G Public NO ADMISSION CHARGE Is Invited to Attend 

AUDIORAMA is presented by THE AUDIO FAIR 
HARRY N. RE1ZES, Managing Director, 67 W. 44 St.. N. Y 
.. um ............ 

TIME: 

Oct. 14,15,16,171 

PLACE 

Hotel New Yorker 
New York City 

Registration On I 
5th, 6th 

and 7th Floors 

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 122A) 

Pulse Generator 

Wang Laboratories, 296 Columbus 
Ave., Boston 16, Mass., has developed the 
-Confluxer" for producing constant charge 
pulses. These pulses are triggered by the 
behavior of the input voltage to the de-
vice. Each pulse is produced when the in-
stantaneous voltage of the input initially 
exceeds a fixed value. The device is then 
reset by the return of the voltage below 
the critical value. 

The voltage-time product for each 
pulse is constant for any operating load. 
Since volt-seconds divided by ohms gives 
coulombs, the output for a given load re-
sistance produces a constant charge per 
pulse. This pulse output can be integrated 
to obtain a voltage proportional to the 
frequency of the input. The device is used 
as a frequency meter, electronic tachom-
eter, or as a digital to analog converter. It 
is also suitable for pulse generation, micro-
second pulse generation from slowly vary-
ing input, and pulse amplitude discrimina-
tion. The output has a linearity of 0.2. In-
put waveform with a rise time as slow as 
0.1 second still insures proper operation. 
The resolution time permits full charge per 
pulse if the pulses generated are more than 
15 tnicroseconds apart. The circuit is so 
independent of tube characteristics and 
aging effects, that a 12A117 may be used 
satisfactorily in place of the intended 
12AT7. Output pulse rating is 200 volt-
microseconds. Normal operation gives a 
pulse voltage of approximately 3 micro-
seconds. Minimum output load is 2,500 
ohms. A minimum input of 10 volts is re-
quired. 

Oscillogram Processor 
Oscillographic records on any standard 

recording papers up to 12 inches in width 
may be completely processed and dried at 
speeds exceeding 10 feet per minute by the 
new 23-109 Oscillogram Processor, de-
veloped by Consolidated Engineering 
Corp., 300 N. Sierra Madre Villa, Pasadena 
8, Calif. Processing is accomplished with-
out darkroom facilities or an external water 
supply. Compact and portable it measures 
17 inches wide, 31 inches long, 18 inches 
high. 

(Continued on page 125A) 
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News—New Products Seeedleik TIME DELAY RELAYS 
These manufacturers have invited PROCEEDINGS , 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 124A) 

The latest chemical processes of East-
man Kodak Company are utilized. Instead 
of the conventional fixing bath, a stabilizer 
solution is used, eliminating the usual 
washing procedure necessary with stand-
ard photographic processing procedures. 
Elimination of the washing step lessens the 
time interval between the taking and ob-
servation of data. 

The 250-foot capacity magazine of the 
23-109 may be loaded in subdued light or a 
darkroom, depending upon the sensitivity 
of the record material being used. Spares 
are available so that several magazines 
may be loaded at one time. Operation of 
the processor requires no previous photo-
graphic experience or knowledge, nor is 
any complex threading involved in the 
loading. 

Solutions are contained in stainless 
steel tanks and thermostatically main-
tained at 100°F to minimize ambient 
temperature effects. Cumulative footage 
which has been processed is shown on an 
indicator so that remaining solution life 
may be calculated. Drying-drum tem-
perature is thermostatically controlled and 
may be adjusted by the operator for 
various humidity conditions, paper widths, 
and record materials. 

The processor is constructed of stain-
less steel with chemical-proof controls and 
panels. Models are available for operation 
from 115 volt single-phase ac lines. No 
water-line connection is necessary. 

Further information about the 23-109 
may be obtained by writing for Bulletin 
CEC-1537. 

Terminal Block Enclosure 

To alleviate conditions of excess dust, 
and also for safety from shock to personnel, 
where terminal blocks carrying high volt-
ages must be mounted near avenues of 
traffic, Curtis Development & Manufac-
turing Co., 3266 N. 33rd St., Milwaukee 
16, Wis., has designed a metal enclosure. 

This new enclosure is said to come with 
either the Curtis "M" or the "MT" termi-
nal blocks integrally mounted with from 
1 to 14 terminals per block and enclosure. 
Cover is held in place by 2 screws, and 
when removed, leaves three sides of en-
closure open for easy connecting of wires 
or circuits changes. 

(Continued on page I26A) 

Low COST 
and 

DEPENDABLE 

Complete informa-
tion is available 
upon request. Write 
for Bulletin 5001. 

Better performance in a time delay 
relay for your products need not run 
your costs UP. The basic design of 
the new SILIC-O-NETIC Time De-
lay Relay lends itself to Heinemann 
high production techniques . . . 
creates savings that are passed on to 
you as LOWER unit costs. 
SILIC-O-NETIC Relays provide 

other savings, too. As a load carrier 
in itself, it eliminates the need for a 
separate load relay. Being small in 
size, it reduces the overall size re-
quirements of equipment with which 
it is used. SILIC-O-NETIC Time 
Delay Relays have only one moving 
part in the time element, which is 
hermetically sealed . . . and never 
requires attention. 

The SILIC-0-NETIC Time Delay 

Relay employs silicones . . . 

operates dependably on a hy-

draulic-magnetic operating prin-

ciple regardless of position or 

frequency of operation. Overall 

size is only 15/8" x 21/2 x 3/4 

ELECTRIC COMPANY 
154 Plum Street, 

Trenton 2, N.J. 
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FOR 15 YEARS... 

High voltage, 

High current 

CAPACITANCE 

...dependably 

• The record of more than 15 years service, in thousands of 

installations, proves the reliability of the Lapp Gas-Filled 

Condenser. For duty at high voltages and high currents this 

unit offers the advantages of extreme compactness . . . low loss 

. high safety factor .. . constant capacitance under tempera-

ture variation ... grounded tuning shaft ... and rugged stur-

diness. Units available in fixed or variable capacitance . . . ca-

pacitances to 60,000 mmf; current ratings to 525 amps at 1 mc ; 

voltages to 100 Kv peak. 'Write for Bulletin 302 with complete 

description and characteristics data. Lapp Insulator Co., Inc., 

Radio Specialties Division, 205 Sumner St., Le Roy, N. Y. 

Lapp 

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 125A) 

Two standard inch diameter knock-
outs are provided, one at each end of en-
closure, to permit cable or wires to be fed 
in under the terminal block. Circuits can 
be coded for identification of wires. 

Curtis Types "M" and "MT" terminal 
blocks, standardly furnished in this new 
enclosure, are conservatively rated at 300 
volts, 15 amperes. 

Manufacturer states that these new en-
closures will only be available at present 
in minimum quantities of 100 units. Com-
plete information may be had by writing 
to John Eschweiler at the Curtis Plant. 

Non-Metallic Magnets 

Commercial production of a ceramic 
permanent magnet material is now under-
way at the Ferroxcube Corp. of America, 
Saugerties, N. V. The newly devloped 
magnetic material, known as Magnadur, 
contains no nickel, cobalt, tungsten, 
chromium or other critical materials. This 
is expected to accelerate its use in many 
fields for which government allocations of 
critical materials are restricted. 

The magnets are made by a process of 
powder metallurgy from a mixture of 
barium and iron oxide, pressing or ex-
truding the mixture in shape and sintering 
in furnaces at N'ery high temperatures. 

The initial development of this mate-
rial was accomplished in Holland by N. V. 
Philips' Gloeilampenfabrieken, of Eind-
hoven. Magnadur has high coercive force 
and high resistance to demagnetization as 
well as magnetic stability. Its resistance 
permits the use of Magnadur magnets in 
the presence of high frequency fields with-
out undesirable losses. 

Initial production of the new material 
for the balance of 1953 will be concentrated 
on toroidal rings developed specifically for 
TV focusing magnets. 

Ferroxcube Corp. Engineering Bulletin 
FC-6000 gives complete technical data as 
well as demagnetization and energy 
product curves for Magnadur permanent 
magnets. Copies may be obtained on letter-
head request to the Ferroxcube Corp. of 
America, 235 Marshall St., North Adams, 
Mass. 

(Continued on page 128A) 
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for high permeability applications 

now first time 

available . . 

TAPE WOUND 
CORES 01.4 

offers Performance. Guaranteed 
Tape Wound Cores. Guaranteed 
performance to specifications 
means truly economical produc-
lion of high permeability mag-
netic devices in your plant . . . 
and controlled buy:ng by your 
purchasing department. If you 
haven't investigated Perform-
ance-Guaranteed Tape Wound 
Cores, why not let us send you 
the complete story? 

FACTORY CORE MATCHING 
For applications in which closely 
matched characteristics are re-
quired, save time and money by 
using the Magnetics, Inc. factory 
core matching service. 

free engineering design 
service for high permeability 
magnetic applications 

Magnetics, Inc. engineering is 
second to none in the field of 
high permeability magnetics. 
Services are free to customers. 

Write for full information 

ONLY MAGNETICS, INC. 

MAGNETICS,inc. 
Specializing in High Permeability Magnetics 

Dept. 1-2 BUTLER, PA. 

; 

SERVOSCOPE® 
Test analyzer for use in de-

velopment and PRODUCTION of 

SERVOMECHANISMS and 

PROCESS CONTROLS. Measures 

FREQUENCY RESPONSE, PHASE 

SHIFT 0.1 to 20 CYCLES SINE 

WAVE, SQUARE WAVE, MOD-

ULATED CARRIER, 50 to 800 

CYCLES. 

SERVOBOARD 
A FLEXIBLE SET of PRECISION 

mechanical parts for quickly 

coupling motors, synchros, poten-

tiometers to form assemblies of 

Servo systems, regulators, corn-

putors. 

SERVO CORPORATION 

OF AMERICA 

DEPT. IRE- 9 NEW HYDE PARK, N.Y. 

THE DISTINCTIVE NEW 

ER-225 
SERIES 

RACKS by PAR-METAL 
18" Deep, 22" Wide 

offer you the greatest dollar-for-dollar 
value in the industry today! 

Because only in the ER-225 will you find 
these unique features: 

re Standard 43'.", 67,4", and 83'2" heights. 

re New ribbed design corner trims, with new 
quick FRONT detachable fastenings. 

I, The door is stamped from one piece of 
steel and reinforced— with formed, clean, 

smooth, double thick edges. 

"Muitiracks" available with closed or open 
intermediate sides for rack-to-rack wiring. 

ie Streamlined modern design; beautiful finish. 

Planning an electronic product, Consult Par- Metal for 

RACKS • CABINETS 
CHASSIS • PANELS 

Remember, Par-Metal equipment is made by 
electronic specialists, not iust a sheet metal shop. 

ileac 4 
Seed/woe 
sfeetiedead 

rd4-Jmu4L, 

WRITE FOR CATALOG! 

e 

II 
.1,4CM .1111,. 

Id"  

r41 

4.411r, 

"MULTIRACKS" 
These Racks may be 
assembled in multiple Units 
as shown above.. 
SHELVES available. 
Also ROLLER TRUCKS 
available for single rocks 
or "Multiracks". 

NO INCREASE IN COST! 
The ER-225 is priced to 
compete with racks not 
having the equivalent fea-
tures. Beyond doubt— it's 
the industry's greatest 
value. 

The ER-225 Rack as used 
by the American Communi-
cations Corp., N. Y. C. 13. 

Pfli Warn 
PRODUCTS CORPORATION 
32-62 — 49th ST, LONG ISLAND CITY 3 N Y 

Tel.: AStoria 8-8905 
Esport Dept. : Roche International Corp. 

13 E•st 40 Street, New York 16, N. Y. 
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90° DEFLECTION YOKE 
... an Accepted Standard 
of Major Manufacturers! 

Yes, as leading TV manufacturers 
know ... the I/X 90° Deflection Yoke 
for 27" receivers gives the ultimate in 
performance and compactness. En-
closes! in an Underwriters' Approved 
Tenite case, this yoke assures a sharp, 
full-screen focus without use of pin-
( usl  • magnets. Inge  • sly de-
signed for mass product; )))) on special 
equipment, it provides the attractive 
price and top quality major manu-
facturers demand. We invite your 
inquir 

DEFLECTION YOKES ... TOROID COILS ... CRYSTALS 

I. F. TRANSFORMERS . . . R. F. COILS . . . DISCRIMINATORS 

SPEAKERS ... TV TUNERS ... ION TRAPS ... TRANSFORMERS 

DX RADIO PRODUCTS CO. 
GENERAL OFFICES: 2300 W. ARMITAGE AVE., CHICAGO 47, ILL. 

COMPONENTS 

AN/APR-4 LABORATORY RECEIVERS 
Complete with all five Tuning Units, covering the range 38 to 
4,000 Mc.; wideband discone and other antennas, wavetraps, 
mobile accessories, 100 page technical manual. etc. Versatile, 
accurate, compact—the aristocrat of lab receivers in this 
range. Write for data sheet and quotations. 

We have a large variety of other hard-to-get equipment, in-
chiding microwave, aircraft, communications, radar; and labo-
razory electronics of all kinds. Quality standards maintained. 
Get our quotations! 

We will buy any Electronic Material at top prices. SCHOOLS 
—unload your dusty surplus for cash or credit. 

ENGINEERING ASSOCIATES 
434 PATTERSON ROAD DAYTON 9, OHIO 

GEARS FOR ELECTRONIC AND SMALL ELECTRICAL MECHANICAL EQUIPMENT 

MECHANICAL ASSEMBLIES 

THE CUSTOM GEAR COMPANY 
120 East Sample Street - - - South Bend 18, Indiana 

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 126.4) 

Aircraft Microvolt 
Signal Generator 

A new aircraft microvolt signal genera-
tor is announced by Hickok Electrical In-
strument Co., 10551 Dupont Ave., Cleve-
land 8, Ohio, for continuous coverage from 
125 kc to 165 mc on fundamentals. 

This generator, Model 292XAL, pro-
vides complete coverage of the aircraft 
band including all the necessary IF fre-
quencies, and covers all rf frequencies with 
calibrated output. It can be externally 
modulated from 15 to 10,000 cps and 
measures both input and output of units 
under test. 

The manufacturer claims that the unit 
maintains dependable and accurate fre-
quency calibration, is free of wave dis-
tortion, and has no spurious signals in the 
output system. It embodies temperature 
compensation, self-contained crystal oscil-
lator reference level, and is crystal con-
trolled. Attenuator is especially designed 
to faithfully attenuate without frequency 
discrimination. Price is $300.00. 

Self Clearing Hydraulic 
Servo Valve 

Sanders Associates, Inc., Nashua, 
N. H., announces the design and produc-
tion of a low leakage, self-clearing hy-
draulic servo valve. It is a two-stage, four-
way valve with internal mechanical feed-
back for the transformation of low-level 
electrical information into controlled hy-
draulic energy. The unit is completely 
sealed against magnetic particles and can 
be operated without oil filters. This trans-

(Continued on page 136.4) 
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'44 e 

'enti 99 Multi-Frequency Transmitter 

Up to four R.F. channels in 125-525 k/c, 2-20 
m/c. 118-132 m/c frequency ranges. 

Power output 400 watts LF and HF, 250 watts 
VHF. 

Unusually easy to inspect and maintain. 

Single or simultaneous transmission for greater 
flexibility. 

Complete remote control operation. 

Write today for complete specifications.. 

wilcox 
ELECTRIC COMPANY, INC. 

Fourteenth and Chestnut 

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



ELECTRONIC ENGINEERS 

Fl ELIO 

EE or ME degree, minimum 3 years' experience 
in research and development work involving micro-
wave circuits and antennas, circuit development, 
servomechanisms, analogue computers or related 
equipment. 

It E Pit ESENT.%TIVES 
A few openings for graduate engineers only with 
backgrounds similar to above. Continental U.S.A. 

What You Can Expect at 
General Precision Laboratory 

A progressive group of young, successful men, firmly estab-

lished as designers and manufacturers of electronic equipment 

... a medium-sized staff in which you receive individual recog-

nition ... a policy of promotion-from-within that helps qualified 

men move ahead swiftly . . . a modern laboratory located in 

a pleasant suburban community ideal for family living. 

Expenses will be paid for qualified applicants 
who come for interviews. Please submit com-
plete resume to: Mr. H. F. Ware 

GENERAL PRECISION LABORATORY 
INCORPORATED 

A Subsidiary of GENERAL PRECISION EQUIPMENT CORPORATION 

63 BEDFORD ROAD, PLEASANTVILLE, NEW YORK 

ENGINEERS & PHYSICISTS: 

what's simaa 

It's newer than radar, sonar, loran and TV 

Its commercial uses are almost limitless 

It's the fast-growing field in which Sperry 
ultrasonic equipment is paramount 

IT'S 
SONIC 
INSPECTION 
M EASUREMENT 
AND 
CONTROL 

SIMAC, the most advanced method for non-
destructive testing of metal and other materials. 

RESEARCH PHYSICISTS 
Degree in physics, experienced in re-
search on ultrasonics, wave motion in 
solids, sonar techniques, seismology or 
pieza-electric transducers. 

ELECTRONIC ENGINEERS 
Experienced in planning, design and 
development of circuits for gating and 
tinting, pulse and sweep generation and 
amplification or servo-mechanisms ap-
plications. 

Sperry Products, Inc. now offers you an opportunity to disersify 
your experience, to join an expanding, completely independent 
organization. 

• Work for a smaller company in which your ability 
can be recognized quickly, your talents can thrive. 
• Move your family to Danbury, Conn. in the foot-

hills of the Berkshire Mountains, less than 2 hours 
drive from New York City. Moving expenses paid. 

Find out more about available positions, 
send complete resume to W. J. Hatcher. 

SPERRY PRODUCTS, INC. 
DANBURY 

• I'. I( 

CONNECTICUT 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No..... 

The Institute reserves the right to refuse any 
announcement without giving a reason for the 
refusal. 

PROCEEDINGS of the I.R.E. 
1 East 79th St., New York 21, N.Y. 

ENGINEER 
Engineer for acoustic and audio research lab-

oratory of progressive manufacturer located in 
pleasant New York suburban area. Must have 
good background in loudspeakers, microphones, 
transducers and physics of moving systems. Chal-
lenging opportunity and attractive salary com-

mensurate with experience and past achievements. 
Box 736. 

TRANSFORMER DESIGNER 
Minimum 2 years experience. Unusual oppor-

tunity for young man who wants to get ahead. 
Salary open. Box 738. 

ASSISTANT PROFESSOR 
Teaching pu,it ion: Assistant Professor of 

electrical engineering starting September I. Must 

teach electronics, ultra high frequency and in-
troductory course in machinery. Master degree. 
twelve month employment, one month summer 
vacation. Write: K. F. Sibila, Head, Electrical 
Engineering Dept., The University of Akron, 
Akron 4, Ohio. 

MARKETING MANAGER—ELECTRONIC 
EQUIPMENT 

Full responsibility marketing and sale of in-
dustrial products. Must prove ability to develop 
and carry out marketing programs. Operate field 
sales force. Conduct market planning, research 
and promotion services. Build strong marketing 
team. Continue growing. Should have experience 
in electronics or allied industrial products. Sell-
ing and marketing or sales management. Loca• 
tion: Northeast section of U. S. Salary open. 
Senil resume to Box 739. 

CHIEF MECHANICAL ENGINEER 
Qualified to direct Research and Development, 

as well as production of Precision Mechanism, 
in electronics field. A thorough knowledge of 
modern shop methods, as well as experience in 
planning and tooling, for production is essen-
tial. Engineers with experience in design of talo-
recorders will get preference. The Engineer who 
can qualify for above position, will be given 
opportunity to supervise the entire mechanical 
Engineering Division and will be responsible to 
top management only. Top salary. Progressive, 
old established company in N.Y. metropolitan 
area. Send complete detailed resume stating 
experience, education background and salary 
expected to S. Klein, Room 1002, 527 Fifth 
Ave., New York 17, N.Y. Replies will he held 
in strict confidence. 

ENGINEER 
Opening for qualified engineer with interest s 

in field of resistor, rheostats, switches and allied 
components manufacture. Experience in design, 
selection of materials and production tooling re-
quired. Attractive working condition, excellent 
opportunity with medium sized progressive manu-
facturer. Please give full details of training and 
experience; state salary desired. Mail replies to 
Box 740. 

(Continued on page 132,4) 
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P'ASTA  

t 

POSITIONS NOW OPEN FOR 

SENIOR 
A ND DESIGN ENGINEERS: 

ELECTRONIC . • • 
COMMUNICATIONS . • • 

MECHANICAL . • • 

Nr COMPUTER . • • 

si ELECTRON TUBE . 

PERSONAL INTERVIEWS ARRANGED 

I

copy of our boo \siel 

"Challenge and Opportunity:, descr equest. Pleas 
ibing the 1'0 \ C of 

N YOUR CITY. A the 

engineer in RCA, will be moiled upon re 
send o complete resume of your education and 

to: 

MR. ROB N 
ERT E. McOU1SIO, Mono9er 

experience  

.iziecialized Employment Division, Dept. 2021 

Radio Coipoiation of enetica 

30 Rockefellet Plaza 

New York 20, N.Y. 

41 
• 

ff.! " • 

CHECK SHEET Yes No 

D D PROFESSIONAL RECOGNITION AND PRESTIGE? 

P71 ADVANCEMENT IN STATUS? 

D SECURITY AND STABILITY? 

D CHALLENGE AND OPPORTUNITY? 

O D HIGH SALARY SCALE AND OPPORTUNITIES 
FOR PROMOTION? 

D D EXCELLENT SUBURBAN HOUSING AT 
REASONABLE COST? 

D FACILITIES FOR PROFESSIONAL 
ADVANCEMENT? 

D UNEXCELLED TECHNICAL AND LABORATORY 
FACILITIES? 

C=1 D ASSOCIATION WITH TOP SCIENTISTS? 

D D TUITION REFUND PLAN FOR ADVANCED STUDY? 

O D MILITARY OR COMMERCIAL OPPORTUNITY? 

o D MODERATE COST OF LIVING 2 

o D MODERN RETIREMENT PLAN? 

EJ D COMPANY PAID LIFE INSURANCE? 

D COMPANY-PAID LIBERAL HOSPITAL, SURGICAL 
AND DISABILITY PLAN (FAMILY BENEFITS)? 

O D LIBERAL VACATION PLAN? 

LIBERAL HOLIDAY SCHEDULE? 

D P7 PROFESSIONAL STATUS AND UTILIZATION OF 

YOUR EDUCATION AND EXPERIENCE? 

PR( ( FE / I. I I,' m 131A 
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Bell Telephone lahrillones 
has career openings for experienced 

electrical engineers 
mechanical engineers 

I. physicists 
For work on Guided Missiles, Radar, Fire 
Control and Underwater Systems in New 
Jersey (..'u miles from New York City). 

The company that has pioneered many of the major devel-
opments in the fields of communications and electronics now 

offers you an opportunity to join its staff. Here you will gain 
invaluable experience and great satisfaction through the chal-

lenging diversified nature of the work. To qualify, you must be 
a college graduate (preferably not over 40 years of age) with 

related experience of the following types: 

Systems Engineering 

Analysis 

Coordination 
Evaluation 
Planning 

Studies 

Systems Development I 

Fundamental Development 
Circuit Design 

Mechanical Design 
Equipment Development 
Field Testing 

Write, giving full details of education and experience to: 

BELL TELEPHONE LABORATORIES Inv. 
Employment Director, Box 2, New York 14, N. Y. 

rf 

Engineers 8t Physicists 
• Electrical Engineers 

• Chemists 

• Physicists 

• Mechanical Engineers 

• Servo Engineers 

The diversified research and development 
programs now in progress at 

melpar, inc. 
The Research Laboratory 

of Westinghouse Air Broke Co. and its subsidiaries 

offer excellent opportunities for 
professional achievement to qualified men. 

Write to Personnel Director, 

MELPAR, INC. 
Dept. G-3 

19 452 Swann Avenue 
Alexandria. Virginia 

or 10 Potter St.. 

Cambridge. Mass. 

\ Call our representa-

tive Mr. E. M. Lane 
at the Sherman 
Hotel in CHICAGO 
during the National 
Electronics Confer-
ence Sept. 28-30 

ontinued froIll page 130A) 

INSTRUMENTATION ELECTRONICS 

ENGINEER 

As group leader for analytical instrument de-
velopment laboratory. Should have a degree in 
electrical or electronics engineering with five 
years experience or advanced degree in lieu of 
part of this experience. Some past experience at 
bench work is a requirement. Successful applicant 
will do design work in conventional circuitry such 

as narrow band pass a.c. amplifiers; high gain 
stable d.c. amplifiers; stable d.c, power supplies; 
high and low power pulse networks; thyratron 
control circuits; application of fractional horse-
tower motors; servo systems; etc. Send resume 
with salary requirements to: Personnel Manager, 

Fisher Scientific Company, 717 Forbes Street, 
Pittsburgh 19, l'a. 

ELECTRICAL ENGINEERS 

A New York metropolitan organization is its 
need of Electrical Engineers to do research and 

development work. These men should have a 
minimum of two years experience in the fields of 
radar, television or high frequency communica-
tions. The work is primarily of a study nature. 
However, experience in circuit or system design 

is required as background to intelligently per-
form the analytical and theoretical work. Box 741. 

ENGINEER 

An Engineer with a degree in communications 
or electronics to work with a growing Sales Engi-
neering Organization in the Southwest, selling 
complete line of component parts and test equip-
ment. Production engineering experience desir-
able. Live in Dallas and travel in Oklahoma, Ar-
kansas, Louisiana and Texas. Please submit a 
complete application stating educational back-
ground and past work experience. John A. Green 
Company, 6815 Oriole Drive, Dallas 9, Texas. 

TECHNICAL WRITER 

Experienced in preparation of instruction 
books, handbooks, operating and maintenance 
manuals for electronic equipment. Must be able to 
do editing and layout. Top salary. Progressive, 
old established company in N.Y. metropolitan 
area. Send complete detailed resume stating ex-
perience, educational background and salary 
expected. Replies will be held in strict confidence. 
Box 742. 

MICROWAVE TUBE DESIGN 

Senior Engineer or Physicist ( M.S.-Ph.D.) 
with design experience in travelling wave tube 
field to organize and head group to study and 
develop travelling wave tubes. Ideal location in 

Westchester County, New York. Excellent work-
ing conditions, full benefits, insurance, hospitaliza-
tion, pension plan. Salary to $ 10,000, depending 
on qualifications. Write Box 743. 

COMMUNICATIONS ENGINEER 

A small but established firm of consulting elec-
tronics engineers has an opening for a radio 
engineer with at least 2 years experience for the 
reduction of radio interference by test and re-
design of electronic equipment. Address: Electro-
Search, 4337 N. 5th St., Philadelphia 40, Pa. 

1,12 
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ELECTRONICS 
CAREERS 

WITH 

ottivebh-
ATTRACTIVE 

OPPORTUNITIES 
FOR 

EXECLITRIE ENGINEERS 
and 

TECIIMCAL SPECIALISTS 

Openings for: 

SYSTEMS ANALYSIS 

ENGINEER 

RADAR UNIT SUPERVISOR 

PROJECT ENGINEER 

SUPERVISOR OF ELECTRONIC 

DEVELOPMENT 

Our long range program 

of diversified electronic 

projects provides 

stimulating opportunities 

for professional growth. 

Recognition and rapid 

advancement are our 

answer to today's 

engineering shortage. 

Contact our representative at the 

National Electronics Conference, 

Hotel Sherman, Chicago, Illinois, 

September 28 to 30, 1953 or write 

THE GLENN L. MARTIN CO. 

TECHNICAL EMPLOYMENT 

BALTIMORE 3, MD. 

send for the 
most widely used 
Electronic Supply 

Guide 

Allied Radio 

free--> 

Íin ALLIED'S 
268-PAGE 1954 

CATALOG 

.4•••••Mein 

,•,••.••••• 

Catalog 
NO. I3s 

.1_95 4 

SEND FOR IT 

-tto wkdi sîlooAtItr,k4, c4) 
ELECTRONIC SUPPLIES FOR INDUSTRY 
Simplify and speed the purchasing of all your electronic 
supplies and equipment. Send your orders to us at 
ALLIED—the reliable one-supply-source for all your 
electronic needs. Depend on us for quick shipment from 
the world's largest stocks of special-purpose electron 
tubes, test instruments, audio equipment, electronic parts 
(transformers, capacitors, controls, etc.) and accessories 
—everything for industrial and communications 
application, for research, development, maintenance and 
production. Let our expert Industrial sapply service 
save you time, effort and money. Send today for your 
FREE copy of the 1954 ALLIED Catalog—the complete, 
up-to-date guide to the world's largest stocks of 
Electronic Supplies for Industrial and Broadcast use. 

NEW HOME OF ALLIED RADIO 

ultra- modern 

  facilities 

one complete 
dependable source 
for everything 

electronics 

IIIn 

TO SERVE YOU BEST 

147,000 square feet of efficient 

floor space, utilizing latest conveyor 
and pneumatic equipment—devoted 

exclusively to the best service in 
Electronic Supply. 

ALLIED RADIO 
100 N. W estern Ave., Dept 35- J-3 

Chicago 80, Illinois 



Engineers, physicists, designers, technicians— 

Investigate the challenging 
new opportunities in the guided missile industry 

BENDIX OFFERS EXCELLENT POSITIONS 

IN ITS WELL- ESTABLISHED 

GUIDED MISSILE PROGRAM 

To men interested in the rapidly growing guided missile industry, 

an association with Bendix offers unusual advantages. For here at 

Bendix, guided missile work is not a side line, but a well-established 

program with over seven years of successful development and re-
search backing up today's operations. 

No finer engineering and production facilities are found anywhere 

in the industry, and the men responsible for the Bendix guided mis-
sile program are recognized leaders in their field. Job opportunities 

range from theoretical systems analysis, through product and test 
equipment design and development, to field test and flight evaluation. 

OPENINGS IN: 

Aerodynamics 

Electronics 

Microwaves 

Dynamics 

Hydraulics 

Mechanics 

Servo Mechanisms 

Structures 

LET'S DISCUSS OUR MUTUAL INTERESTS 

Write: 

Employment Dept. Bendix Products Division 

Bendix Aviation Corporation, 401 Bendix Drive 

South Bend 20, Indiana 

ELECTRON IC 
ENGINEERS 

FOR DEMON AND DIVIROPMINI WORK IN 

RADAR 

COMPUTERS 

TELEMETERING 

DATA REDUCTION 

SERVO MECHANISMS 

DIGITAL TECHNIQUES 

A CHANCE TO GROW WITH A YOUNG PRO-

GRESSIVE COMPANY, SALARIES AND 

ADVANCEMENT COMMENSURATE WITH 

ABILITY, LIBERAL VACATIONS, SICK 

LEAVE, EIGHT PAID HOLIDAYS, GROUP 

INSURANCE, EDUCATIONAL ASSISTANCE 

PROGRAM, EXCELLENT WORKING CON-

DITIONS. SEND RESUME or EXPERIENCE 

AND EDUCATION WITH SALARY REQUIRE-

MENTS AND AVAILABILITY DATE TO: 

Electronic Ensineerins Company 

.1 C.i.f..... 

III SOUP ALYAIADO SWEI 

LOS AlinIS•4•(Allf(111114 

is offered for intelligent, imagi-
native engineers and scientists to 
join the staff of a progressive 
and self-sustaining, university. 
affiliated research and develop-
ment laboratory. We are desirous 
of expanding our permanent 
staff in such fields as electronic 
instrumentation, missile guidance, 
microwave applications, design 
of special-purpose electronic com-
puters, and in various other ap-
plied research fields of electron-
ics and physics. 

Salary structure and bene-
fit programs are on a por 
with industry. In addition, 
there are many tangible 
advantages, such as our 
self-sponsored internal re-
search policy, of interest 
to men with ingenuity and 
initiative. 

CORNELL AERONAUTICAL 

YO 

LABORATORY, INC. 
BUFFALO 21, NEW 
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Typical of General Electric's pace-setting develop-

ments — this new type of television transmitting 

antenna that increases by 25 times the elective 

rad.ated power of the UHF ttation transmitter. 

NEW DEVELOPMENTS BY 
GENERAL ELECTRIC ENGINEERS 

SHOW VERSATILITY OF ELECTRONICS 
Again and again, General Electric engineers have pioneered 
the new developments in electronics. 

This is no coincidence, for a number of important factors 
have made these achievements possible: the vast facilities 
provided by General Electric; the opportunity to apply the 
most creative thinking to challenging problems; the stimu-
lating association with outstanding men in the profession; 
the strong sense of stability inherent in a General 
Electric job. 

The same opportunities are open to engineers, physicists, 
chemists and metallurgists in the following fields: Ad-
vanced Development, Design, Field Service and Technical 
Writing in connection with: 

MILITARY RADIO & RADAR 

MOBILE COMMUNICATION 

MULTIPLEX MICROWAVE 

COMMUNICATIONS 

ELECTRONIC COMPONENTS 

TELEVISION, TUBES & ANTENNAS 

Bachelor's or advanced degrees in Electrical or Mechanical 

Engineering, Physics, Metallurgy or Physical Chemistry 
and/or experience in electronics industry necessary. 

Please send resume to: z ------, 

GENERAL ELECTRIC 
Dept. 9-3-P, Technical Personnel 

ELECTRONICS PARK Syracuse, N. Y. 

ENGINEERS 
PHYSICISTS 

TAKE INVENTORY OF YOUR 

FUTURE 

WHAT MAKES A GOOD JOB? 

Check off th?; items in the fol-
lowing list tha: you look for in a 
good job 

I—Professional Recognition 
2—Interesting work 

3—Equitable salary 
4—Recognition of Ability 

5—Security 
6—Good future prospects 
7—Reward for ideas 
8—Good working conditions 
9—Liberal benefit program 
10—Family p:otection 
11—Paid "acalions and holidays 

If you look for all of the above 
items and more, in a good job, it 
will be to your advantage to in-
vestigate the opportunities in Elec-
tronic Ci:cuit Design and Special-
ized vacuum tube research and de-
velopment at. 

NATIONAL UNION RADIO CORP. 
ELECTRONIC RESEARCH DIVISION 

P. 0. Box 352 Orarge, New Jersey 

egg 
cl\RM 

PROGRESS WITH A LEADER 
OFFERING 

ADVANCED ENGINEERING POSITIONS 
IN 

NEW AIR CONDITIONED PLANT 

Country Surroundings— 

Big City Advantages 

Add Up To An 

Unlimited Future With 

SYLVANIA'S ELECTRONICS DIVISION 
leader in the development and production of microwave components, Sylvania's ex-

panding Electronics Division offers a few top microwave engineers an assured future. 

Here, in New England's Greater Boston area, you will be next door to some of the country's 
most renowned technical centers of learning and research, yet you and your family will 
enjoy the serenity of country living. 

ENGINEERING SPECIALIST 
This is a top engineering staff position for • man 
who ham the flair, ability and knowledge of a 

ecialist who will he cognizant of and assist as 
sn expert in all divisional microwave programs 
and problems of our four plants. The position 
'niera top- rank professional activity covering Inven-
tion, research. development, production and ap-
plication in the microwave field. Products Involved 
Include semi-conductor devices. TR and ATII 
ubes, magnetrons. klvstrons„ and traveling wave 
r.uhes. Requtrement for this po•ition include ad-

SYLVANIA 

vanced engineering or physics degree, or equivalent. 
and at least 5 years of solid experience in the 
microwave field. 

MICROWAVE SPECIALIST 
For advanced microwave investigations. particularly 
related to silicon crystal development. applications 
and improved evaluation and testing. Requires 
sound background In electromagnetic theory, wave-
guide circuitry. microwave mixer operation. An 
engineering or physics degree and 1 in 5 P." nr 
microwave experience are desirable. 

Please send complete resume to: 

Mr. Robert L. Koller 

Sylvania Electric Products Inc., Electronics Division 
Woburn, Mass. 
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Speeding Electronic Progress 

through e 
4  3e8 t 

This new JK G-12 is designed for ultra 
stable frequency control in applications 
such as frequency standards, timing and 
counting circuits, broadcast equipment and 
frequency monitors. Electrodes are depos-
ited directly on the large, precision-made 
quartz plate shockmounted in an evacu-
ated glass envelope. Frequency range 500 
kc to 1500 kc. Crystal may be designed for 
a minimum temperature coefficient of from 
O C to 50 C or for temperature controlled 
operation at 60 C with a JKO7E-115V Oven. 
Approximate height above chassis, 23'4". 
Maximum diameter of octal base, 13/4". 
Consult us on specific applications. 

JK STABILIZED G-12 CRYSTAL 

For the " Difficult" 500 kc to 1500 kc Range 

Tomorrow's Crystals 

w.-à6bIllektbe 

The increasing demand for ultra- stable frequency control 
to meet today's new requirements has necessitated a 
new approach to crystal design. Evacuated glass en-
velopes — for maximum protection and freedom from 
contamination — are a part of the new design of JK 
Crystals for the Critical. Consult us on your requirements 
for crystals of this advanced design. 

THE JAMES 
KNIGHTS COMPANY, 

SANDWICH, ILLINOIS 

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 128A) 

fer valve exerts a clearing force of up to 500 
pounds in the first stage to remove sludge, 
dirt or metal particles that tend to jam the 
valve. Its frequency response is flat from 0 
to 150 cps. It has a linear output up to 14 
hp, with no external leakage and a zero 
signal leakage of only 60 cc/min. Power 
amplification is 5,000 with pressures up to 
3,000 psi. Input power is less than 2 watts; 
input current is 15 ma; resolution is 0.03 
per cent; time constant is 0.001 second. 
The valve is 1 5/16X2 7/16X54 inches 
with a volume of less than 18 cubic inches 
and has a flow of up to 12 Glnl. It weighs 
less than 1t pounds. The lower flow models 
are correspondingly smaller and lighter. 
The life of the unit is at least 4 million 
cycles. 

Aircraft Panel Meters 

Marion Electrical Instrument Co., 
Manchester, N. H., announces the Marion 
Model AN3 instrument, a single-element 
aquel mounted type, completely ruggedized 
per :\ - 10304, including internal 
shock mounting. It meets Army-Navy 
peronautical design standard and 10401 re-
auirements for 2 inches dial instruments. 
In addition to the ruggedized D'Arsonval 
movement, the unit is (glass- to- metal) 
hermetically sealed. Applications include: 
ammeters, voltmeters, radio navigational 
types (such as onmiranges and ILS) and 
temperature indicators. 

Tower Bulletin 

Blaw-Knox Co., Tower Dept., Farmers 
Bank Building, Pittsburgh 22, Pa., has 
publishe41 a new 20- page bulletin, No. 
2417. This bulletin describes the AM, 
1:,\1, Television, Yicrowave, Communica-
tions, . Lnd Radar towers built by the com-
pany. Various types of guyed and self-
supporting towers are described. 
A photograph of the Blaw-Knox testing 

frame is shown. By sise of this frame, any 
combination of hm(ls representing wind 
and antenna load can be applied to a 

wer. Actual deflection and twist can be 
measured, and tower tested to destruction 
il It-sired. 

The RTM A standard specifications are 
given in the bulletin. These standards 
were adopted by Blaw-Knox and other 
leading tower manufacturers to avoid con-
fusion. 

Copies of the bulletin 2417 may be ob-
tained by writing the company's Tower 
Department. 

(Continued on page 138A) 
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* * 

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. 

ADMINISTRATIVE ENGINEER 
BEE Purdue 1943, MSEE pending. Six years 

electronic production engineering, four years 
business management research company, govern-
ment contracts. Age 33, family of three. Senior 
Member IRE. Box 654 W. 

ELECTRONIC ENGINEER 
Electronic design engineer with 3 years ex-

perience. Desires position as sales engineer in 
New York City area. BEE degree from New 
York University. Age 29. Box 655 W. 

ELECTRONIC ENGINEER— RESEARCH 
BSEE 1948 from large northeastern univer-

sity. 8 years experience before graduation; I 
year industrial control, 4 years research in 
VHF, UHF and audio after graduation. Excel-
lent background of theory and practical applica-
tions. Desires supervisory of small engineering 
group located in west or southwest. Box 657 W. 

ELECTRONIC ENGINEER 
BSEE electronics option, University of Ken-

tucky; age 33, married, 2 children. U.S. Civil 
Service training field radio and frequency modu-
lation; Army Signal Corps service, VA years 
mobile communications equipment. Presently en-
gaged in UHF transmitter design-development. 
Resume upon request. Box 658 W. 

ELECTRONIC ENGINEER 
BS and MS in electronic engineering; age 26; 

married. 2;2 years experience in electronics and 
microwaves, running the gamut of research to 
production and sales. Desires responsible posi-
tion in development, manufacture or technical 

sales. Box 659 W. 

PHYSICIST—ENGINEER 
Physics graduate 1950. Over 8 years classi-

fied electro-mechanical design and production, 
Airborne radar installation and maintenance, 
test, carrier telephone and communications sys-
tems wills supervisory and administrative experi-
ence. Desires responsible engineering administra-
tion position. Will relocate. Box 670 W. 

SENIOR ENGINEER 
Ten years project leadership; development of 

radar indicators, analogue computers, missile 
controls. Thoroughly familiar with circuit design 
below UHF, BSEE 1936, MEE 1949, DEE 
expected 1955. Desires work of non-military na-
ture. Box 671 W. 

ELECTRONIC ENGINEER 
Electronic engineer seeks future in 

Four years experience in varied phases 
dustry and complimentary education, 

(Continued on page 1394) 

sales. 
of in-
(MEE 

uf 

CONSTANT 
KEEP CURRENT  WITH 

'VICTOREEN CURRENT REGULATOR TUBES 

/ 

Replace that expensive 

regulating circuit with a 

single current regulator 

tube designed to closely 

regulate line or battery 

current— simply, efficiently, 

at minimum cost. 

In-a-current regulator tube 

an increase in current 

is automatically com-

pensated for by increased / 

What/About ... 

CURRENT RANGE 

/ VOLTAGE DROP . . . . 

/ PHYSICAL SIZE  Standard T-6, T-9 or ST- 14 

resistance. 

. . • Many tube types available 
.025 to 6 amps. A.G. & D.C. 

Varies 1 to 100 V depend-
ing on current, bulb size. 

—octal or miniature base. 

/ENVIRONMENTAL Reliable operation at ex-
CONDITIONS  treme temperatures, 

humidity, altitude. 

MIL SPECS . . . Type approved tubes available. 

\azi  
N 

ELECTRICAL CHARACTERISTICS... TYPICAL TYPES 

Type No. Voltage (V) Currents (Amps) 

CR80-20 20-60 .080 
CR140-20 20-35 .140 
CR200-20 20-40 .200 
CR350-5 5-12 .350 
CR600-4 4-10 .600 
CR800-4 4-10 .800 
CR900-4 4-11 .900 
CRM900-5 5-9 .900 
CR950-4 4-11 .950 
CR1635-5 5-9 1.635 
CR1700-2 2-4 1.700 
CRM1700-2 2-4 1.700 
CR3500-3 3-6 3.500 
CR4200-3 3-6 4.200 

Write for further details— include 
specifications for your cop ication 

BETTER COMPONENTS MAKE SETTER INSTRUMENTS 

The Viclore.en Instrunten1 Co. 
3800 PERKINS AVENUE • CLEVELAND 14, OHIO 
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News—New Products 

ANOTHER BETTER TOOL••• 
for the ELECTRONIC ENGINEER and the RESEARCH SCIENTIST 

A versatile instrument 
for research involving 

high repitition rates 

MODEL B-2 

PULSE GENERATOR 

PULSE WIDTH: variable in 4 

ranges from . 2/Is to 1,000/Is 

PULSE RISE TIME: .02 1's 

PULSE AMPLITUDE: -± 80 volts 

open circuit 

INTERNAL IMPEDANCE: 93 ohms 

INTERNAI. DELAYS: variable in 

5 ranges from 0 to 10,000 Ps with re-

spect to synchronizing pulse 

INTERNAL REPETITION RATES: variable 

in 4 ranges from 10 cycles at 100 KC 

SYNCHRONIZING PULSES: 5—independ-

ently available at separate output jacks 

• High duty factors 

• Can be triggered externally and for 

single pulse operation 

• Calibrating potentiometers are pro-

vided for each range 

Write for complete data: our Bulletin I- B-2 

ZitlitelfnCt ELECTRONICS CO. 3707 S. ROBERTSON BLVD. 
CULVER CITY, CALIFORNIA 

ir 

wee' 
b 4 

ndliStrieS 
STAR PERFORMANCE AS 

MANUFACTURERS OF TRANSFORMERS, 
REACTORS, FILTERS, TOROIDAL 

COILS FOR THE ELECTRONICS INDUSTRY 
Now in its ninth year of operation, Saratoga Industries, Inc. 

has built a solid reputation for the manufacture of 

precision windings. Approved for in-plant testing under 

MIL-T-27, Saratoga Industries, Inc. is also prepared 

to handle all types of commercial production. Saratoga 

engineers invite your inquiry to help solve your problems 

relating to reactors, transformers, filters and windings of all types. 

SARATOGA INDUSTRIES, INC., SARATOGA SPRINGS, N Y 

138A 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 136.-1) 

Sub-Miniature Blower 
Sanders Associates, Inc., Nashua, 
. H., announces product ion of the 

"Minicube° subminiature blower. This 1 
inch cube, which weighs 1 ounce, includes 
the motor and blower housing and delivers 
3 cubic feet of air per minute. It is designed 
for circulation of air and the cooling of 
electronic parts and equipment. 

The unit can be mounted next to a com-
ponent for spot cooling or anywhere else 
for general circulation of air. The rating of 
a component, such as a power resistor, can 
lie increased by properly attaching a 
Hower directly to the component. The 
-Nlinicobe" can be used in hermetically 
sealed equipment for heat transfer to or 
from the case. Mounted on the inside the 
bliiwer affords efficient heat transfer to the 

›e. Mounted on the outside it can be used 
to remove heat from the case. The manu-
facturer claims the "M inicube" can replace 
large external blowers for cooking kly-
strons and magnetrons. 

Standard models are available for 
operation over a temperature range of 
—55°C to +85°C, with an expected life of 
1,000 hours. Other models are also avail-
able for extremely wide temperate ranges. 
The "Minicube" utilizes an integral 
hysteresis-type synchronous motor turning 
at a speed of 24,000 fpm. Motors can be 
supplied for either 6.3 v, 3 watt, or 26 v, 
4 watt, 400 cps operation. The motor is 
normally two-phase, but can be operated 
from a three-phase source or a single-phase 
source with a phase shifting capacitor. 

Ball- &-D isk Integrator 
A ball-&-disk type integrator has been 

developed and produced by The Reflec-
tone Corp., 1700 Summer St., Stamford, 
Conn. 

The device is a high-precision, com-
paratively low-torque, speed changer for 
generating variable reversible speeds in a 
stepless fashion, using a minimum amount 
of space. It may be used for analog com-
puters, servo mechanisms, and similar de-
vices. 

The unit weighs 17 ounces. At 750 rpm 
input speed to the disk (maximum recom-
mended speed) the maximum output 
speed is 1,500 rpm. Output torque at this 
speed should not exceed 5 ounce inches. 

(Continued on page 140A) 
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Positions Wanted 
(Continued from ray, ht7A .) 

New York University 1953). Extremely advan-
tageous and capable assistant to chief sales engi-
neer. Available for metropolitan New York em-

ployment. Box 672 W. 

ENGINEER 
BSEE, MSEE, more than two additional 

years of graduate work in physics and electron-
ics. Married, 1 child. Electronics officer USNR; 
2 years teaching electronics; 4 years responsible 
research and development position in radar with 
emphasis on microwaves. Will locate anywhere. 
lt,sx 673 W. 

ELECTRONIC ENGINEER 
BS physics, graduate work in E.E. and phys-

ics. Married, age 30. 6 years instructor radio 
and television school, covering courses in all 

phases of electronics. 2 years own television 
business. 3 years Army electronics instructor. 
Desires position with future in New York metro-
politan area. Box 674 W. 

ELECTRONIC ENGINEER 
Five years supervision, instruction, design or 

TV broadcasting studio equipment and receivers, 
technical writing and proofreading. Eleven year, 
experience in maintenance of electronic equip-
ment. Interested in permanent position with 
future. Box 676 W. 

ENGINEER 
Under Graduate work in EE-55 credits. 

Graduate work in EE-60 credits. B.S. Physics 
1943; 5V., years experience in basic electronic 
research, design and development; Supervisory 
experience. Age 32, married. Desire position in 
management, sales or supervisory capacity. Mini• 
mum salary $9,000. N.Y., N.J., D.C. area pre-

ferred. Will consider others. Box 686 W. 

SALES ENGINEER 
Attention sales representatives and progres-

sive firms in N.Y.C. and New England area 
Will you buy this? B.S.E.E. 1949. 2 years 
electronic test equipment and 2 years microwave 
engineering; excellent health, 28 years old, mar-
ried, neat appearance, pleasing personality. Seek-
ing career position in sales. Can you match 
this? Box 688 W. 

ENGINEER 
EE Purdue 1941. Age 34. Six years civilian 

experience in unit substation, power and distri-

bution transformer design. Six years in Navy 
as an electronics officer. Desire Midwest or 
Southwest location. Married, one child. Box 
687 W. 

MICROWAVE DESIGN ENGINEER 
Master's Degree, Physics major, with solid 

background in design and test of components. 
Interested in responsible position with N.E. 
firm. Capable of administrative or sales duties 

also. Box 689 W. 

JR. ELECTRONIC ENGINEER 
Age 30. USN-ETMI/c. BEE (eves) due June 

1954 from New York University. Experience: 
4 yrs. T.V. repair; presently doing electronic 
research (2 yrs) for USN. Interested in design 

and/or development in New York area with a 
future. Box 690 W. 

ENGINEER 
Position in engineering sales or technical 

administration desired by Naval Reserve Officer 
returning to inactive status. Strong electronic 
and administrative background in research and 
development. Family man, permanent location 

essential, travel facilitated by private pilot li-
cense. Brochure sent upon request. Box 691 W. 

(Continued on page 145A) 
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PANORAMIC 
MODEL 

G -3 

For Research 

Development 

and Production 

Test 

Appiications 

Frequency Coverage: 

2KC to 300KC 

Center Frequency: 

Variabls and calibrated 
between 2KC and 200KC 

Sweepwidth: 
Variable ana calibrated 
from 200KC down to OKC. 

Selected sweepwidth remains 
constant as center frequency is 
varied. 

Amplitude Scale: 
L.near or two decade log. 
AmpMade range 50 db overall. 

Sweep Rate: 

6.7 c.p.s. 

Voltage Output: 
2.5 volts, flat to ÷ 1.5 db 

Internal Source 
Impedance: 
6110 ohms 

Output Attenuation: 
Toggle switch operated, 
7." db with steps of 40 db, 
29 db, 10 db and 5 db. 

PANORAMIC 
RADIO PRODUCTS, INC. 

1953 

the pioneer 

is 4,/i ea er 
///i \\ 

DIRECT 
READING 
ULTRASONIC 
RESPONSE 
INDICATOR 

1..›ed as an adjunct to the Model SB-7 Pan-
oramic Ultrasonic Analyzer the G-3 permits 
simple rapid visual inspection of amplitude 
versus frequency characteristics of networks 
and devices between 2KC and 300KC. 

The combination, a complete package, 
serves as a frequency sweep source and syn-
chronous ,elective detector which insures 
indications of fundamental responses only. 

Direct readings of frequency, amplitude, 
sweepwidth and center frequency are avail-
able from the calibrated dials and screen of 
the SH-7 Panoramic Ultrasonic Analyzer. 

Our complete line of equipment will be demonstrated at the 

National Electronics Conference Booth It116. 

Write for complete information, price and delivery. 

12 SOUTH SECOND AVENUE • MOUNT VERNON, NEW YORK 
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News—New Products 

IF IT'S NEW ... IF IT'S NEWS ... IT'S FROM Ilt70  

Illustrated here, is Elco Corporation's 

new 7-pin printed-circuit socket, which 
in addition to its electrical and mechani-
cal efficiency and stability, incorporates 

many advantages never previously avail-
able. Aware for a long time of the grow-

ing importance of printed circuitry, Elco 

engineers have been busy in their lab-
oratories on the development of sockets 

for practical commercial application of 
this new technique. And again, Elco 
introduces a quality product. 

Positioning of the Elco printed circuit socket in the chassis is quick, easy, positive. 

No strains or stresses are transmitted to the chassis or to the socket insulator; yet 
electrical contact is excellent at all times. The improved contact design automati-
cally centers tube pins in position; resulting in positive contact retention with low 

resistance, producing optimum circuit performance. Contacts are made of brass 
or phosphor bronze, cadmium plated or beryllium copper silver plated. Insulators 
are of general purpose phenolic or ceramic materials. These Elco sockets are also 
available with shield clamps. Complete technical data is yours upon request; as 
is full information concerning Elco's complete quality-line of tube-sockets, shields, 

and sensational new Varicon connectors. 

For Catalog Sheets, Call GArfield 6-6620 or Write ELCO Corp., 190 W. Glenwood, Phila. 40, Pa. 

THE ANSWER 

atel le peOBLEM OF 
‘101411t VARIABLE 

TIME DELAY! 
MINIATURE CONTINUOUSLY VARIABLE-TYPE 506-507 
• FAST F ISE TIME • NO TIME JITTER 
• EXCELLENT STABILITY • SMALL SIZE 
• HAIRL NE ACCURACY • LIGHT WEIGHT 

SPECIFICATIONS 
TYPE 506 

TIME DELAY. Continuotsly variable 
from 0 to 9.25 microsecond. 

RISE TIME: Leas than 10% of tigne 
delay at env !pint. 

CHARACTERISTIC IMPEDANCE: 
190 ohms nominal. 

ATTENUATION: Approximately zero 
below 10 me. 0.5 at 15 me. 1 at 20 
nie, 1.8 at 20 me. 

PRICE: $59.00 

TYPE 507 
TIME DELAY: Continuously variable 

nook o 10 0.8 microsecond. 
RISE TIME: Loss than 10% of time 

tlelay at any point. 
CHARACTERISTIC IMPEDANCE: 

580 ohms nominal. 
ATTENUATION: Approximately zero 

below 3 me, 0.5 at S mc, 1 at 15 
mr. 

PRICE: ee.5 on. 

STEP VARIABLE-TYPE 601 

SPECIFICATIONS 
TIME DELAY: Variable in step of 0.2 microsecond up to 2.2 micro 

seconds. 
IMPEDANCE: 190 ohms nominal. 
CUTOFF FREQUENCY: 6.2 me nominal. 
CONSTRUCTION: bumped parameter. 
OVERALL SIZE: 3" x 3" x 5". 
PRICE: e124 no. 

WRITE FOR DATA! 

ADVANCE ELECTRONICS CO., 
P. 0. Box No. 394, Passaic, N. J. 

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

' (Continued from page 138.9) 

Picture-Tube Filter 
Bennett Laboratories, Inc., 2790 Bay 

Road, Redwood City, Calif., in an effort to 
improve picture quality and remove view-
ing eyestrain by filtering out the blue and 
violet picture-tube radiation, has de-
veloped the new SafeTVision, a flexible 
plastic film which self-adheres directly to 
the picture tube face. The filter is available 
in three sizes to cover the picture-tube 
ranges to 17, to 21, and to 30 inches and 
listing, respectively, at $4.95, $7.95 and 
$10.95 

Based on medical research into the 
symptoms and causes of television eye-
strain, the filter corrects the spectral dis-
tribution of visible energy by providing a 
sharp cut-off for ultraviolet and a large 
reduction in the violet-blue peak which is 
characteristic of cathode-ray tube outputs. 
Since eyestrain results widely from the 
inability of human eyes to either focus or 
accommodate themselves to violet-blue 
radiations, elimination of these com-
ponents produces a balanced non-fatiguing 
picture-tube image. 

Rotary Shaft Seal 
improved rotary shaft seal which 

offers operating advantages in hand-
operated electrical circuit and tuning 
mechanisms for radio and radar com-
munication equipment for ships, aircraft, 
and mobile ground equipment, has been 
announced by H. H. Buggie, Inc., 726 
Stanton St., Toledo 4, Ohio. Designated as 
Series 1100, the rotary shaft is valuable in 
connection with pressure, waterproofing, 
and moisture sealing panel-mounted 
shafts. 

The firm claims that the design com-
bines the flexibility and sealing quality of 
rubber, low frictional resistance of metal 
against bearing material, and the cor-
rosion resistant quality of high-grade 
brass with miniature size. Shafts are one 
piece, eliminating back lash. No lubrica-
tion is required. 

Three standard sizes are available. 
Modified designs can be developed to meet 
special requirements. Inquiries regarding 
special applications for pressure, or water-
proofed, rotary shaft seals are invited. 

(Continued on page 142.4) 
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Professional Cards 
ALFRED W. BARBER 
LABORATORIES 

Specializing in the Communications Field and 
in Laboratory Equipment 

Offices, Laboratory and Model Shop at: 

32-44 Francis Lewis Blvd., Flushing, L.I., N.Y. 
Telephone: Independence 3-3306 

INTERNATIONAL RADIO 

CONSULTANTS 
Pan American Radio Tangier 

Bldg., 16 Rue Intl Zone 

Delacroix Morocco 

Specialized in the design, construction, in-
stallation and operation of foreign Radio, 

Electronic, Communications and Acoustical 
projects, and representing and advising gov-

ernments and other agencies at meetings 

of the International Telecommunications 
Union in local, regional and world wide 

affairs. 

Edward J. Content, P.E. and Staff 

CROSBY LABORATORIES, INC. 
MURRAY G. CROSBY á STAFF 
RADIO-ELECTRONIC RESEARCH 

DEVELOPMENT á MANUFACTURING 

COMMUNICATIONS, FM & TV 

ROBBINS LANE 
HICKSVILLE, NEW YORK 

HICKSVILLE 3-3191 

ELDICO OF NEW YORK, INC. 

Donald J. S. Merten and Engineering Staff 
Consultants on Interference Elimination 
from Transmitters, Induction Heaters, 

Diathermy, etc. 

44-31 Douglaston Parkway, Douglaston, L.I., N.Y. 
Bayside 9-8686 

ELECTRO-METRIC INSTRUMENT CO. 
A. Newton, Director of Eng. 

Circuit analysis, design and development in the 
fields of VHF. UHF tuners, TV receivers and 
accessories, laboratory and test instrumentation. 

241 Centre Street, New York 13, N.Y. 
Canal 6-1337 

Richard B. Schulz 

Veceux-Seancd 
Radio- Interference Reduction: 

Development of 
Interference-Free Equipment, 

Filters, Shielded Rooms 
4337 N. 5th Street, Philadelphia 40, Pa. 

GLadstone 5-5353 

ELK ELECTRONIC LABORATORIES, INC. 

Jack Rosenbaum 

Specializing in design and development of 
Test Equipment for the communications, 

radar and allied fields 

333 West 52nd St., New York 19, PL-7-0520 

14/ ()Res  

ELECTRONICS È X-RAY DIVISION 

°E V e L C.I*P'Z 'N'T' • ASUe uet 
Charles Zavales 

44-14 Astoria Boulevard Long Island City 3 
Phone AStoria 8-2800 

OfsiG 

Synchro Control 
Transformer 
(Actual Size! 

Geared 
Servo Motor 

(Actual Size) 

Servo Motor. 
Tachometer 
Generator 
(Actual Size) 

KEARFOTT COMPONENTS 

INCLUDE: 

Gyros, Servo Motors, Syn-
chrcs, Servo and Magnetic 
Amdifiers, Tachometer Gen-
erators, Hermetic Rotary 
Seats, Aircraft Navigational 
Systems, and other high ac-
curacy mechanical, electrical 
and electroric components. 

miniature 

precision components 

for high-performance 

Servo Systems 

Developed and produced by Kearfott, 
these units exemplify accomplishments of 
creative engineering teamed with produc-
tion skill providing performance values of 
accuracy, speed of response and reliability 
unique for their size. Advanced design 
techniques are typified by the unitized 
stator and housing construction, permitting 
line-bored relationship of stator and rotor. 
This makes practical the extremely close 
concentricity tolerances apparent in im-
proved efficiency of the Servo Motors and 
the very high accuracy of the companion 
Synchro. A very rugged structure, stable 
under extremes of environmental exposure 
is also provided. 

Conforms to Navy BuOrd Size It 

¡Maximum Diameter l-1/16") 

TECHNICAL INFORMATION 

SynCV0—  Available as Control Transformer, 

Transmitter, Resolver, Differential, for 26 or 115 volt 
400 cycle operation. Maximum error tolerance is 7 
minutes of arc. The hardened pinion shaft may be used 
as a spline. Terminals for convenient installation and 
replacement are provided. Other synchros for 60 
cycle operation may be obtained. ( Basic Type R5001. 

Servo Motor—The Servo Motor ( Basic Type 
R119) features a very high torque- to-inertia ratio. 
Motor input is 3.5 watts per phase at 115 volt 400 
cycle. Available with high-impedance control winding 
for operation directly in plate circuit of an Amplifier. 
Integral precision gear train can be provided. Many 
other models available including Servo Motors for 
60 cycle duty. (Basic Type R3031. 

Servo Motor-Generator—The motor 
described above is available with an integral high 
performance damping generator, providing an out-
put signal of 1/2 volt per 1000 RPM over a 5500 RPM 
speed ronge. ( Basic Type 420400). 

Technical Bulletins on standard Kearfott products are 
available and will be sent on request. Your inquiries 
are invited for the development and production of  44!ilr, 
special units for unusual applications. Write today for 
Bulletin #53 describing our products and facilities. 

KEARFOTT COMPANY, INC., 1150 McBride Ave., Little Falls, N. J. 
West Coast Office: 253 N. Vinedo Ave., Pasadena, Calif. 

A General Precision Equipment Corporation Subsidiary 

ear ott 
SINCE 1917 / 

CREATIVE ENGINEERING 

PRODUCTION ACHIEVEMENT 
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The No. 80070 Series 

of 

Cathode Ray Tube Bezels 

The MILLEN " Designed for Application" line of 

plastic and cast aluminum panel bezels includes 
units for the I", 2", 3" and 5" tubes. The 5 

size is also available with o special neoprene 
cushion for the new flot faced tubes as well os 

the standard cushion. The finish on all types, 
either metal or plastic is a handsome flat block. 

The 2", 3" and 5" sizes include a green plexi-
glass filter. Mumetal and nicoloi shields are also 
available for all types of cathode ray tubes for 

use with any of these bezels. 

JAMES MILLEN 

MFG. CO., INC. 
MAIN OFFICE AND FACTORY 

MALDEN 

MASSACHUSETTS 

News—New Products 
I. ',dinned from rage 140.1) 

New Oscillograph 
A new seven-element automatic oscil 

•,,raph for recording power system di--
it-Itances llId photographically recording 

preselected magnitudes, wave shapes, and 
phase relations, has been announced by 
t he General Electric Co., Meter & Instru-
ment Dept., Schenectady 5, N. V. 

"Hie new oscillograph, Type PM -
13, has seven permanent-magnet, fluid-
damped galvanometers with a separate 
shunt and resistor unit for adapting them 
to current or voltage measurements. Re-
lays and controls are provided for starting 
the instrument automatically by over-
current in I- cycle, and stopping it after .1 
predetermined interval or after the fault 
has cleared. 

The instrument features continuous 
monitoring and its unit subassembly con-
struction permits simplified inspection and 
maintenance. A new photographic-type 
time recorder for establishing the date and 
lime to-the-minute of each oscillogram 
employed. A low-cost, flood- lighting type 
of light source simplifies replacement and 
eliminates adjustment of prisms and lens 
when replacing lamps. 

Including the recorder, the oscillo-
graph measures 16 inches wide, 23 7, 16 
inches high, and 10Z inches deep. Nut 
weight is 95 pounds. 

The record chart is bromide paper, -11 
inches wide by 200 feet long, and moves ¡ it 
a chart speed rate of 12 ips. Request bul-
let in GEC-396. 

(Continued on page 145A) 

TRANSFORMERS 
Fill Your Need to a 

For 
INDUSTRIAL 

AN D 

ELECTRONIC 
EQUIPMENT 

Let us 
quote on your 

speeideations, 
no obligation 

DESIGNED TO COMMERCIAL AND 

MILITARY SPECIFICATIONS 

IMIL-T-27 and AN-E-191 

SAMPLE. 
SHORT 

and 
LONG RUNS 

Delivory 

as 
Promlied I 

EPCO Products Inc. 
2500 Atlantic Ave. 

Brooklyn 7, New York 

NOISE NOISE in resistors may be caused by 

many factors. but most often arises in 
in RESISTOR 

the incomplete or tangental contact 
APPLICATIONS 

which exists among the carbon granules 

that make up a molded resistor. Noise also originates where the 

connector leads meet the body of the resistor. 

Because WELWYN Iligh Stability Resistors are formed 

by depositing a pure, homogeneous carbon film, aml 

because the end-caps are machine-turned aml bond-fitted 

to the body, and the terminal leads clenched into the end-

caps, the conducting path presented to any current flow 

is as continuous as if through a solid conductor. 'lie  • se 

factor of WELWYN Deposited Carbon Resistors is only 

slightly above that predicted by the Johnson formula. 

For further Information and 

Test Data concerning ... 

High Stability 
DEPOSITED CARBON RESISTORS 

It rite to Dept. . 1f-

ROCKBAR CORPORATION, 211 East 37th Street, New York 16, N. Y. 
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Professional Cards 
( 1 IA 

FREDERICK RESEARCH CORP. 
BETHESDA 14, MARYLAND 

Carl L. Frederick, D.Sc., Pres. 
Tel: Washington, D.C., ° Liver 4-3229 

Research, Specifications, Development, Engi-
neering, Manufacture, Technical Writing, Off-
set Printing— Fields of Test Equipment, Radio 
Interference, Tuners, Circuits, Electromechanical 
Systems, Components. 

HARRIS GALLAY Consultant 

Electronic Project Development for Industry 

Day, Week, and Duration of Project Services 

Our Laboratory Facilities Optional 

Plymouth 9-4237 60 Perry St., Belleville 9, N.J. 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J, Upper Montclair, NJ. 
Offs & Lab.: Great Notch, N.J. 

Phone: Montclair 3-3000 
Established 1926 

GOVERNMENT CONTRACT LIAISON AND 
CONSULTANTS 

GORDON ASSOCIATES, INC. 
Specializing in Signal Corps Electronic Require-
ments, Technical Manuals, Tabular List of 

Parts, Drawings 
L. Gordon, Pres. P. Treston, Ch. Engr. 

157 Broad Street Telephone 
Red Bank, New Jersey Red Bank 6-2743 

HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 

Design, Development and Manufacture 
of Transformers, Chokes, Etc. 

for the 
Electronic, Industrial and Allied Fields 
Main & Urban, Westbury, L.1., N.Y. 

WE-7-2933 

HOGAN LABORATORIES, INC. 
John V. L. Hogan, Pres. 

APPLIED RESEARCH, DEVELOPMENT, 
ENGINEERING 

Est. 1929. Electronics, Optics, Mechanisms, 
Facsimile Communication, Digital Computers, 
Electro-sensitive recording media, Instrumenta-
tion. 
155 Perry Street, New York 14 CHelsca 2-7856 

LEONARD R. KAHN 
Consultant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Modulation Theory 
Applications of Magnetic Tape Recording 

Elizabeth Bldg., 22 Pine St., Freeport, LL, N.Y. 
Freeport 9-8800 

DAVID C. KALBFELL, Ph.D. 
KAY-LAB Electronic Instruments 

Laboratory and Manufacturing Facilities 
Specializing in Electronic 

Instrumental and Industrial Problems 
1090 Morena Blvd. Woodcrest 6359 

San Diego 10, California 

HARRY R. LUBCKE 
CONSULTING TELEVISION ENGINEER 

Television Engineering Since 1929 

Electronics 

2443 CRESTON WAY HO. 9-3266 

HOLLYWOOD 28, CALIFORNIA 

11 J .r.i 

Measure PHASE Difference 
Directly W-360° 

EALS3 r\ill 

‘ Se § k• . NN N•  

Type 320AB PHASEMETER 

• ... In 4 full scale ranges, 0°-36°, 00-90°, 0°480°, Oc -360°, 
without ambiguity 

• ... Independent of voltage amplitude from 1 to 170 volts peak 
e • Independent of voltage wave form 
• • .. Independent of frequency from 2cps. to 100kc. ( accuracy: 20cps-

20kc, 1% of full scale 3°; error increases slightly above 20kc.) 
• Large, easily read, mirrored scale panel meter 
• Ease of operation — ideal for production testing or laboratory use 
• Eliminates tedious and inaccurate oscilloscope techniques 
• Terminals for recorder . . instantaneous response of output voltage 

to phase changes 
• Incremental accuracy better than 1% of full scale 
• Proven performance and quality workmanship 

In audio facilities, ultrasonics, servomechanisms, geophysics, vibration, 
acoustics, aerial navigation, electric power transformation or signalling, 
. . . in mechanical applications such as printing register, torque measure-
ment, dynamic balancing, textile and packaging machinery and other uses 
where an accurate measure of the relative position of moving parts is 
required . . . the type 320AB Phase Meter has achieved widespread. 
approval as a unique and versatile measuring instrument. 

For further information on measuring phase, send for 
specification bulletin and TIC Laboratory Reports 

Engineering Representatives 

Chicagc, Ill.— UPtown 8-1141 Arnprior, Ont., Can. — Arnprior 400 
Cleveland, Ohio— PRospect 1-6171 New York, N.Y.— Murray Hill 8-5858 
Waltham, Mass. — WAltham 5-6900 Hollywood, Cal.— H011ywood 9-6305 
Rochester, N.Y.—Monroe 3143 Dallas, Texas— Dixon 9918 

Dayton, Ohio — Michigan 8721 

TECHNOLOGY INSTRUMENT CORP. 
(l me. page .117.1) 

I ROCEEVINGS OF TIIE I.R.E. September, 

533 Main Street, Acton, Massachusetts, Telephone: Acton 3-7711 
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MYCALEX 
GLASS- BONDED MICA 

CERTIFIES 
STABILITY 
FOR 20 YEARS 

"STABILITY for 20 years must be 
certified." That is the specification 
requirement that Mycalex glass-
bonded mica accepted when others 
had refused it. 

Mycalex glass-bonded mica is elec-
trically stable, dimensionally stable, 
immune to moisture, arc resistant, 
impossible to carbonize, corona re-
sistant, radiation resistant, inert to 
organic solvents. 

Optically 
Flat Disc 

Ignitron 
Tube Base 

Feed-Through 
Insulator 

YES, Mycalex glass-bonded mica 
can be certified to be stable for 20 
years. But why not write for the 
full story? Our Engineers Handbook 
& Catalog is yours for the asking. 

SINCE 1919 

CAL 
THE INS LATOR 

MYCALEX CORPORATION of AMERICA 
World's Largest Manufacturer of Class- bonded Mica Products 

Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 

GENERAL OFFICES AND PLANT 

'11 CLIFTON BOULEVARD, CLIFTON, N. J. 

FUROR 
Series 350 

WAVEGUIDE BENDS 
STANDARD or SPECIAL 

E and H BENDS. 

ELECTROFORMED BEND 

AVAILABLE UPON REQUEST 

VSWR LESS THAN 1.05 

SILVER and 

RHODIUM PLATED. 

The 008011 line 
INCLUDLS: 

Fli-Power impedance Meters • 2400-

10,200 MC Frequency Meter • Pu/sed 

Signa/ Generators • Microwave 
Mixers ond Detectors • Field and 

Laboratory Test Eqpint. • fiectronic 

and Microwave Consuiting, Design 

and resting • fiectroformed Cavities 

Custom built Eiectronic and Micro-wave Equipment. 

Send for additional data on this and other Nardo Models. 

[11111011 
Subsidiary of PEERLESS INSTRUMENT CO., INC. GARDEN CITY 3-3570 

fli1SSRU RfSEARCH & DEVELOPMfili fISSOCIRIES INCORPORAIE0 
66 111f1111 STREET IRhFIFOLA, REUJ UORK 

Procisiol 

Whatever your specific needs, depend on PRECISION PAPER TUBES to meet all require-
ments. Spirally wound under pressure, PRECISION PAPER TUBES are subjected to rigid 
tolerance control to insure strict adherance to specifications and provide maximum wind-
ing space. PRECISION PAPER TUBES possess 15 to 20% greater strength, yet are light 

in weight. 

Made from the finest dielectric kraft or fish paper, phenol impregnated, acetate or com-
binations, PRECISION PAPER TUBES afford high insulation, heat dissipation and moisture 

resistance. Available in any size, shape, ID., or 0.D.—any quantity. 

Write today for Arbor List of over 2000 sizes. .. . Send specifications for free sample. 

PRECISION PAPER TUBE CO. 
2051 WEST CHARLESTON STREET • CHICAGO 47 • ILLINOIS 

Plant No. 2: 79 Chapel St., Hartf,rd. Conn. - Moo Mfrs. of PRECISION Coil Bobble. 
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Positions Wanted 

MYCALEX CORPORATION of AMERICA 

MYCALEX 
GLASS- BONDED MICA 

WITHSTANDS 
ADVERSE 

COMBINATIONS 

MYCALEX glass-bonded mica will 
withstand more — much more — of 
combined high temperature, radia-
tion effects, thermal shock, high 
voltage, high frequency, mechanical 
stresses and high altitude than tra-
ditional electrical design calculation 
tables say that any insulation can 
stand. 

It is the high "across the board" 
average that causes engineers to call 
Mycalex glass-bonded mica "the 
world's most nearly perfect insula-
tion." 

Fire Detector Housing 

Rotor 
Spark Plug 
Connector Sleeve 

YES, bad conditions can "gang" 
Mycalex glass-bonded mica, or they 
can attack it one at a time. Mycalex 
glass-bonded mica, the only Ceramo-
plastic, will endure them no matter 
how they come. 

Write for the whole story. 

Insulated gear illustrates breakage 
resistance under wide temperature 
changes, even with large inserts. 

SINCE 1919 

COUL 
THE INSULATOR 

World's Largest Manufacturer of Glass bonded Mica Products 

Executive Offices 30 Rockefeller Plaza, New York 20, N.Y. 

GENERAL OFFICES ANI PLANT 

Ill CLIFTON BOULEVARD, CLIFTON, N. J. 

PROCEEDINGS OF THE I.R.E. September, 

piwe L;9.4) 

ENGINEER 
to in FE 19$1. Singh., Age 32. Two years 

design and development of terminal equipment 
for radio teletype. Four years broadcast station 
engineer. Three years Army Air Force Radar 
Maintenance I •, ineering. Interested in respon-
sible position Systems Engineering. l'refers 
to locate in I. or South. Box 692 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. 

(C0ntinued fe'',,, Page 142,1) 

Junction Diodes 
Transistor Div., National Union Radio 

Corp., limb( ,ro, Pa., announces a line of 
small-area junction diodes of miniature 
size. These instruments have relatively 
high dissipation ratings and high ratios of 
back- to-forward resistance, an order of 
magnitude greater than those obtainable 
in conventional point-contact diodes, the 
manufacturer claims. In addition, these 
diodes, which carry the trade nante 
"Union," are capable of withstanding high 
temperature-humidity ambient conditions. 

The rectifying action is performed by 
a small-area junction which replaces the 
more conventional point contact as the 
electrical connections. Since the junction 
is mechanically rigid, a more rugged and 
stable emit is obtained. 

By using a small-area junction, the 
diode exhibits rapid switching action and 
good high frequency characteristics. Elec-
trically, the characteristics are such that 
they will operate at higher currents and/or 
higher voltages well beyond the capabil-
ities of point-contact diodes. 

The protecting capsule is a thermo-
setting plastic molded in plate sifter the 
diode is fabricated. For details request 
Bulletin # 1002. 

Edison Purchases 
Measurements 

Effective July 1, 1953, Measurements 
Corp., Boonton, N. J., became a wholly-
owned subsidiary of Thomas A. Edison, 
Inc., \Vest Orange, N. J. Under the pur-
chase plan, there will be no basic change in 
policies or personnel of the organization. 
H. W. Houck became Vice President and 
General Nlanager of Measurements Corp. 

(Continued on page 146A) 
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YOU CAN'T 
do THAT with 
MYCALEX 

GLASS- BONDED MICA 

YOU CAN'T use Mycalex glass-
bonded mica as a hammer head to 
drive a nail. 

BUT it is used in one installation 
because it is the only high tem-
perature insulation that will 
stand the abuse that mechanics 
give it when installing the equip-
ment. 

YOU CAN'T use Mycalex glass-
bonded mica as a crucible over a 
Bunsen flame. 

BUT you can sclder and re-solder 
the hardware or inserts molded 
into, or fastened to, this material. 
It withstands assembly line abuse. 

Tube Sockets — 
Mycalex Tube Socket 
Corporation. Under 
exclusive license of 
Mycalex Corporation 
of America 

THE LIMITATIONS AND ABILI-
TIES of Mycalex glass-bonded mica 
have been carefully studied. Here is 
a major engineeting material that 
you can specify with confidence. The 
very stability of Mycalex glass-
bonded mica guarantees that its 
propert:es will be true, constant and 
enduring. Write for the full story. 

SINCE 1919 

CM 
THE INSULATOR 

MYCALEX CORPORATION of AMERICA 
World's Largest Manufacturer of Glass- bonded Mica Products 

[recette Offices: 30 Rockefeller Plaza, New 'iork 20, N.Y. 

UNERAL OFFICES AND PLANT 

Ill CLIFTON BOULEVARD, CLIFTON, N. .1 



CARLISLE, PENNA. 

Phone 1495 

Standard Piezo guarantees accurate 

and dependable quartz crystals to meet 

all private plane or commercial air carrier 

requirements. 
Whether they are high or low in frequen-

cy, for use at low or high altitudes, you'll 

find Standard Piezo quality is consistent-

ly superior. 

For your crystal requirements, standard 

or custom, write or call us. 

The -SKL- Model 503 Fast-Rise Pulse Gen-
erator has been designed to meet the growing need 
for a convenient soarce of extremely fast and short 
rectangular pulses. In radar, nuclear physics, high 
weed oscillography, and in the determination of 
network characteristics, the fast rise time and short 
pulse capabiliees o5 the Model 503 find many uses. 
The variable repetition rate of 50 to 150 pps, pulse 
amplitude of .1 to 150 volts, and impedance of 50 
ohms meet the great majority of needs encountered 
in this type of work. Convenience in the practical 
situation is erhanced by pro.iding eithe- positive 
or negative pulses, controlled by a switch, and an 
external trigger input which allows control of the 
repetition rate from an outside source. It is housed 
in a lightweight aluminum cabinet with convenient 
grouping of cont-ols. The -SKL- Model 503 will be 
found indispensable for high speed, fast rise time 
research, development and testing. 

SPECIFICATIONS: 

• Rise Time: 10 -9 sec. 
(1 millimicrosecond) 

• Impedance: 50 ohms 
• Rep Rate: 50 to 150 pps. 
• Pulse Amplitude: 0.1 to 150 volts 
• Pulse Width: Calculated minimum 

width is 6 x 10 -10 sec. 

S I( I SPENCERS KENNEDY LABORATORIES, INC. 
Ma 186 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. 

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 145A) 

and will also serve on its Board of Direc-
tors. Jerry B. Minter and John M. van 
Beuren will serve as vice presidents of the 
subsidiary company, Henry G. Riter, 3rd, 
President of Thomas A. Edison, Inc., will 
also be President of Measurements Corp. 

Thomas A. Edison established his 
business at West Orange in 1867, and the 
Company has long been a manufacturer of 
electronic dictating equipment, alkaline 
storage batteries, primary batteries, air-
craft instruments and other products. 

Edison's full resources and facilities. 
including the recently opened Edison Re-
search Laboratory, will be at the disposal 
of Measurement Corp. 

High Power Heavy Duty 
Vacuum Capacitors 

Jennings Radio Mfg. Corp., P.O. Box 
1278, 970 McLaughlin Ave., San Jose 8, 
Calif., has designed two new vacuum 
capacitors specifically for high current rf 
applications such as are encountered in in-
duction and dielectric heating circuits. 

The MC-1 1,000 metf unit with a voltage 
rating of 10 or 15 kv peak and a current 
rating of 100 amperes has an over-all length 
of less than 5 inches. These short physical 
lengths reduce inductive losses to mini-
mum according to the manufacturer. This 
reduction in size and increase in current 
carrying capacity is made possible by 
mounting the capacitor plates directly 
against the anodes. The result is greater 
heat dissipation, more capacity in less 
space, and the least possible capacitance 
drift with variation in temperature. 

Low Cost Resistor 

The latest wire-wound control (Series 
39) now manufactured by Clarostat Manu-
facturing Company, Dover, New Hamp-

shire, has been stripped down to the barest 
essentials. Registered at the U. S. Patent 

(Continued on page 148A) 
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Professional Cards 
(Continued from page 143A) 

MEASUREMENTS CORP. 
RESEARCH d MANUFACTURING 

ENGINEERS 
Harry W. Houck Jerry B. Minter 

John M. van Beuren 
Specialists in the Design and 

Development of Electronic Test Instruments 
BOONTON, N.J. 

L. J. CASTRIOTA M. WIND 

S. W. ROSENTHAL P. 6. MARIOTTI 

Microwave Consultants 
Radio Frequency and Microwave Components 

Cable—Waveguide—Coax 
Telephone G.P.O. Box 844 

BOulevard 3-2096 Brooklyn 1, N.Y. 

Microwave Development Laboratories Inc. 
Henry J. Riblet, Pres. 

Design, Development and Fabrication 
of Waveguide Components 

Waltham 5-6708 220 Grove Street 
Waltham 5-7725 Waltham, Mass. 

MICROWAVE SERVICES, INC. 

"Architects of Modern Communications" 

ENGINEERS AND GENERAL CONTRACTORS 

Field Surveys. Towers, Antennas, Buildings 
System Installation and Acceptance Tests 

S. K. Wolf. V. J. Nexos. M. Sheldon. and Associates 
45 Rockefeller Plaza, New York 20 Circle 7-4953 

PICKARD AND BURNS, INC. 
Consulting Electronic Engineers 

Analysis and Evaluation of Radio Systems 

Research, Development, Design and Production 
of Special Electronic Equipment and Antennas. 

240 Highland Ave. Needham 94, Mass. 

PSC APPLIED RESEARCH LTD. 
Development et, Production 

AIRCRAFT and INDUSTRIAL 
INSTRUMENTS • AIDS • SYSTEMS 

Navigation - Survey - Processing - Servo 
Gyro - Photo - magnetic • Electronic 

Radiation - Optical 
J. M. Bridgman. General Manager 

1450 O'Connor Drive Toronto. Canada 

Paul Rosenberg Associates 

Consulting Physicists 

100 STEVENS AVE. • MOUNT VERNON. NEW YORK 

CABLE: PHYSICIST Igerron 74040 

TELECHROME, INC. 
Electronic Deçien SPerialists 

COLOR TV INSTRUMENTATION AND 
BROADCAST EQUIPMENT 

Flying Spot Scanners, Color Synthesizers. Keyers, 
Monitors. Oscilloscopes and Related Apparatus 

J. R. PopkIn-Olurman, Pres. & Ch. Elm. 
88 Merrick ltd. ArnitvvIlle, LI.. N.Y. 

TELREX, INC. 
M. D. Ercolino, Pres. 

H. F. ANTENNA SPECIALISTS 
Communication Arrays 

Reception or Transmission 
For FM. TV, and Amateur Service. 
Asbury Park, N.J.—Phone AP 2-7252 

FLEXROCK COMPANY, 3808-A Filbert St., Ph;la. 4, Pa. 

D We are enclosing sample, specs, and quantity 
for our TEFLON requirements. Please furnish quotation. 

D Please send us your TEFLON Bulletin including stock list. 

MOLDED 

'..•411110111 

«111118s 

... and We Can DelivePI 

EXTRUDED ROD and TUBE 
Small Machined Parts! Sheets! 

Heavy demand has put many TEFLON fabricators in a "back ordered" condition. The 
effect — stymied or crippled production on your end. 

At FLEXROCK wt have licked this problem. New TEFLON producing equipment has been 
added. We have substantially increased capacity. We can't take on all things just yet. 
But soon we will be ready to "throw the book at you" with a complete range of TEFLON 
services. RIGHT NOW we are set to ship you TEFLON Rod and Tube, extruded or molded, 
Sheets, and small parts — no matter how intricate — machined from Rod and Tube. 
We can promise good delivery — yes, FAST DELIVERY 
... with closest possible tolerances on your small 
parts. Tell us your needs — we will be 
happy to quote delivery and price. 

*DuPont trade-mark for 

tetrafluoroethyiene resin FLEXROCK 
PHILADELPHIA 4, PA. 

Name   

Company   

Address   

City   Zone   State   

(Continued on page 148A) I. 
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rUSE" Dotalft Teatvute" 
INSULATING 
TUBING 
AND SLEEVING 

Easily the most economical insulating tubing and sleeving for commercial use . . . equally 
and ideally suitable for the -nsulation demands of Classes A & B. Separate A & B inventories 
unnecessary — space and dollars saved when you use TURBOTUF. 

Easily the finest insulating tubing and sleeving — Meets exacting specifications for durable 
resistance to icy or sweltering temperatures . . . made of superior materials to give long 
wear — won't crack, bend, chip, or peel under rigorous abrasion . . . excellent pliability — 
can be knotted, bent, tugged at, stamped on — springs back in perfect condition . . . easier 
to handle because of its uniformity . . . won't fray . . . not affected by oils, alcohols, 
alkalies and weak acids — h gh dielectric strength and long life. 

PROTECT YOUR EQUIPMENT — SAVE MONEY — GET "DOUBLE FEATURE" TURBOTUF 

Insulating Material 

The William 

Dept. P-9 

TURBO Specialists Since 19 20 

and Co., Inc. 

Willimantic, Conn., U.S.A., Tel. HArrison 3-1661 

TURBOTUF Insulating Tubing and Sleeving • TURBO Insulated Wires • 
Wire Markers • Extruded Tubing • Varnished Saturated Sleeving and 
Tubing • Cambric Cloths, Tapes, Papers • Mica 

SALES REPRESENTATIVES IN PRINCIPAL CITIES 

Professional Cards 
(Continued from page 1474) 

1 

VIBRATION RESEARCH LABORATORIES, me. 
VIBRATORS • VIBRATOR POWER SUPPLIES 

• 42 OAK AVENUE 

• TuCKAHOE. N 

A. Mas, Chief Engineer • tuclohoe J 5102 

WHEELER LABORATORIES, INC. 
Radio and Electronics 

Consulting — Research — Development 
R-F Circuits — Lines — Antennas 

Microwave Components—Test Equipment 

Harold A. Wheeler and Engineering Staff 
Great Neck, N.Y. Great Neck 2-7806 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(C,ntinned fren page I le).-1) 

Office under the name "Humdinger, it 
meets the economy requirements of low-
cost radio-electronic and electrical assem-
blies. 

This component is an inexpensive, ex-
tra-compact, convenient control. It has no 
shaft, but is screwdriver-adjusted by 
means of a slot ils the rotor. \ lemming is by 
means of rivets or screw ,•. . 1'he mounting 
surface serves as the ci,', ir. The contact 
arm is grounded to the case, while an in-
sulated terminal protrudes either parallel, 
or at right ingle to, the nunniting surface. 
Available with two terminals for use as a 
potentiometer. 

The Series 39 control is of the semi-
fixed type intended factory-adjusted set-
tings or for rare adjustment in actual use. 
Available resistance values are from 4 
ohms to 5000 ohms. Linear only. Resist-
ance tolerance is + 20 per cent. The in-
sulation will withstand 500 volts ac be-
tween terminals and housing with the con-
tact arm off winding. There is a mechanical 
and electrical rotation of 245°, without bias 
resistor stop. 

Tension Gauge 

Spring tensions, or the resistive force of 
any device that opposes motion, can be 
checked in the range from 4 to 2500 grams 

by local '1 a nvw tension gauge, made by 
The General Electric Co., Ltd., of England. 

(Continued on page 1504) 
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things are NOT as they seem 
,. 

This is a perfect square within the circh 

— it is an optical illusion that the sides bend 

Things are not as they seem , 

These two fuses look alike . . . 

But they are llot. 

LITTELFUSE 
L) I , N I S 

I 41 • 

This ¡use may burn out anywhere along tht 

length of the filament even in the cap—this blowt 

fuse is impossible to detect visually. 

This Littelfuse has a controlled blowing point— 

the filament is plated throughout its length except it 

the very center— the fuse will always blow here. 

blown Littelfuse can be detected immediately—; 

Littelfuse feature. 

Littelfuse holds more design patents on fuse 
all other manufacturers combined. 



Cleaver-Brooks chooses 
Agastat time delay relays 

for Boiler Control Circuit Timing 
4 AGASTATS handle these applications: 

1 ... allows 30 seconds for warmup of tubes in electronic con-
trol relay 
2 ... delays fuel delivery to burner for 15 seconds to permit 
boiler purge 

3 . . . controls a I5-second ignition period 
4 ... delays full capacity delivery of fuel oil to burner for 3 
(or 5) seconds, facilitating smooth lighting 
AGASTAT time delay relays are solenoid actuated and pneumat-
ically timed. They are light, compact, dust-proof and can be 
furnished to operate mounted in any position. 

Write for Bulletin— 

Dept. A3-97 A'GvA 
Division of Elastic Stop Nut Corporation of America 
1027 Newark Avenue, Elizabeth 3, New Jersey 

• To meet the growing demand 
from producers of light-weight, 
high-frequency Galvanometer 
movements, we have expanded 
our facilities designed to process 
Wire of 25 Aluminum ... This wire 
can be supplied in diameters rang-
ing from approximately .001 inch 
through .005 inch . . . Anodized 
with an exceptionally thin and 
flexible dielectric coating. 

Also available: wires of alumi-
num alloys enameled as small as 
.001 inch diameter, to meet rigid 
specifications of resistance, size 
and straightness. 

UND COHN CORP. 121 So. Columbus Avenue • Mount Vernon. N.Y. 

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

(Continued front gage 148A) 

The gauge is preset to the required 
tension by means of a knurled micrometer 
screw. The end of the gauge operating strip 
is then applied to the point at which the 
opposing force is to be checked, such as the 
tip of a spring. Deflection of the operating 
strip, at the same time that the resisting 
element moves, indicates that the opposing 
force is equal to the gauge setting. Atten-
tion is concentrated on one point only, 
movement at the point of contact. 

The gauges are precision calibrated, 
with adjustable zero correction. Knife-edge 
bearings provide negligible friction, and 
gravitational effects are accurately coun-
ter-balanced. Six models are available to 
cover the following ranges in grams: 4 to 
24, 10 to 80, 50 to 250, 100 to 500, 200 to 
1600, and 500 to 2500. In the three lighter 
gauges, interchangeable operating strips 
are provided to suit the type and position 
of the spring or other mechanism under 
test. 

For a free illustrated catalog and com-
plete price list write to IMTRA Corp., 58 
Charles St., Cambridge, Al ass. 

Square Wave Generator 
A new r4oderately priced Model 504 

square-wave generator that produces 
square-wave voltages without tilt or over-
shoot, has been developed by Spencer-
Kennedy Labs., Inc., 186 Massachusetts 
Ave., Cambridge 39, :Vass. A rise time of 
less than 30 millimicroseconds makes the 
'odel 504 suitable for testing the response 

of IF, rf and video amplifiers. 

The calibrated voltage generator is 
continuously variable from 0 to 11 volts. 
A synchronizing pulse output is provided 
on the front panel to permit triggering of 
an oscilloscope or similar network. Another 
front-panel terminal pair allows the in-
strument to be synchronized with an ex-
ternal voltage source. 

This model has a frequency switch with 
nine positions. 'I'he first step permits 
operation at any frequency as determined 
by an external capacitor. The remaining 
seven positions provide frequencies from 
0.5 cps to 500,000 cps in decade steps. The 
seven decade steps provide a source of 
time bases from one second to one micro-
second. Power supply is self contained, 
cabinet is aluminum and suitable for bench 
use. 

(Continued on page 160A) 

PROCEEDING5 OF TIIE I.R.E. September, 1953 



THE 10- MEGACYCLE SCOPE 

"le`01-23 
• Expansion of any image detail is 

possibile up to the maximum 
writing rate of tie scope. 

• AND the sweep maintains its 
accurete calibration independ-
ent of the degree of expansion. 

REALLY IMPORTANT 
image expansion 

by means of stable 

SWEEP DELAY 

NORMAL PRESENTATION 

X 100 EXPANSION 

Here•s an ex-

ample of the 

great -Resolv-

ing Power -. 

X 10 EXPANSION 

By progressive sweep speed in-
crease and delay , the back edge 
of the pulse has been opened up 
for analysis and measurement. 

"Sweep-Lok" synchronization 
easy to set - locks in and stays locked over broad ranges 

SPECIFICATIONS 

• 5 cycle to 10 mc vertical 
amplifier with signal delay 
line — .035 µsec rise time 

• Accurately calibrated trig-
gered or recurrent sweeps 
0.1 psec/cm to .011 sec/cm 

• Vertical calibration voltage 
variable to 100 peak-to-peak 

• Built-in trigger generator 
with positive and negative 
outputs 

• Continuously variable sweep 
delays up to 10,000 µsec 
without jitter 

MODEL OL-23 
OSCILLOSYNCHROSCOPE 

$890.00 
f.o.b. Winchester 

Write for descriptive 
literature 

• 4000 volts accelerating potential on 
5YP tube for bright, clear, trace 

• Interior designed for accessibility 
and ruggedness, the exterior for 
that "Professional Appearance" 

BROWNING 
Laboratories, Inc. 
Winchester, Mass. 
ENGINfEREL, FOR ENGINEERS 

if you are 

concerned with 

POWER 
SUPPLIES 
you should have 

the new and 

oom.prehensive 

LAMBDA 
catalog 
of electronically 

regulated 

laboratory 

power supplies. 

Manufactured by 

one of America's 

pioneer specialists, 

this field-proven 

precision equipment 

is priced 

surprisingly low. 

SEND FOR NEW CATALOG 
Lambda Electronics Corp. 
103-02 Northern Blvd., Corona 68, N. Y. 
Please send me the new Lambda Power 
Supplies Catalog as soon as it comes a 
the press. 

Name  
(Please print) 

Title  

Company  

Street  

City 7one State_ IRE-953 
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'An Unexcelled Opportunity 

For Professional Growth . 

Electronic 

ENGINEERS & PHYSICISTS 
IN RESEARCH AND DEVELOPMENT 

Guided Missiles—Radar—Solid State Physics 

Vacuum Tubes—Electronic Navigation— 

Television—Microwaves—Antennas— 

Radio—Computers 

Direct Inquiries to: 

The Employment Dept. 

CAPEHART-FARNSWORTH 
CORPORATION 

FORT WAYNE, INDIANA 

ELECTRONICS ENGINEERS 

Project • Design • Group • Packaging • Senior 

AIRCRAFT ARMAMENTS' development engineering program in the fields of 
radar, fire control and associated equipment has provided more openings for men 
at all levels of experience. 

If you are considering a change and are looking for a young, growing company 
with a continuing program of development work, we would appreciate receiving 
your resume and would welcome the opportunity of providing you with informa-
tion about our company. 

/R CRAFT 

D. J. WISHART 
Director of Personnel 

Vifr14 MINTS 
/NC. 

4415•17 F7EISTER5TOWN ROAD 

BALTIMORE 15, MD. 

WANTED MANUFACTURERS' REPRESENTATIVE 
World renowned Electronic Instrument Manufacturers require pro-

gressive Sales Organization to sell Precision Test and Measuring 

Instruments to Industrial. Educational, and Government Accounts. 

Applicants must be well qualified, technically and sales-wise in 

this field. Liberal commission, active promotional backing. Many 

territories available. Write to: 

Box 744 

INSTITUTE OF RADIO ENGINEERS 

1 East 79 St., New York 21, N.Y. 

MISSILE 
Engineers and Technicians 

For Field Test Positions in 

NEW MEXICO 
"The Land of Enchantment" 

ON 
Guidance Flight Testing 

Servomechanisms 

Telemetering Test Equipment 

Airborne Electronics Equipment 

IDEAL WORKING CONDITIONS 

WRITE: FIELD TEST DIRECTOR 
P. 0. BOX 391 

HOLLOMAN AIR DEVELOPMENT CENTER 
NEW MEXICO 

ri 

/ VHF oR UHF 

WANTED 
ENGINEER WITH 

EXPERIENCE IN 

Interesting creative work with the most 

resourceful and progressive firm in the 

field of television equipment. 

This position is permanent. It will offer 

every opportunity for unlimited advance-

ment and for developing a successful 

career. The plant is now housed in a 

newly-acquired larger building, only 22 

miles from downtown New York City. The 

surroundings and atmosphere are stimula-

ting and congenial. 

Attractive Salary 
Write stating qualifications. 

BLONDER-TONGUE LABORATORIES 
526-536 NORTH AVENUE 

WESTFIELD, NEW JERSEY 

61.1.11mv 
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• • 

electrical engineers 

mechanical engineers 

mechanical designers 

• 

in the field of electronic 

computers and associated 

equipment for use in busi-

ness machines. 

Write, giving education 

and experience to Employ-

ment Manager. 

Reply to Department D. 

THE NATIONAL CASH REGISTER COMPANY, Dayton 9, Ohio 

BIG opportunities for 
JUNIOR ENGINEERS 
with new Bendix plant! 

• 
BENDIX 
YORK ALSO 
NEEDS 
ENGINEERS 
AT THE 
INTER-
MEDIATE 
LEVEL, 
• 

Here. indeed, are out-
standing opportunities for 
recent college graduates. 
In this new, fast-growing 
Bendix Division, the future 
holds advancement com-
mensurate with you abil-
ity to assume additional 
responsibility. Fascinating 
work on NEW ELECTRON-
IC PRODUCTS. Good sal-
aries, paid vacat.ons and 
holidays and ideal living 
conditions in beautiful 
suburban area. 

Send Resume of Edu-
cation and Experience 
to: 

Mr. L. D. Smith. 
Employment Super-
visor, Dept. Y-2 

AVIATION CORPORATION 
YORK DIVISION 

Phone: York 5521 York, Penna. 

Pleasant Working Conditions 

So we're exaggerating a lite! If you want to get technical about 
it (and you probably do) your life at our company won't be quite 
this cushy. We can promise this though—even the sky's not the limit 
for future opportunity. You work with a congenial group of engineers. 
People will listen to your deas. The boss's door is always open. 
Who you are—You're an Electronic or Mechanical Engineer. You're 
experienced in air communication and navigation circuitry and 
development. You have worked with low or high frequency circuits, 
instrumentation, componeni utlization or associated problems. 

What you do now— Simple! list contact: 
Arthur E. Harrison, Vice President, Engineering 

wilcOx Electric Company, Inc. 

Fourteenth & Chestnut, Kansas City 27, Mo. 

l'I?UCI:1,1 ,1% ,, .1 01' I  
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to 

men 

who 

want 

the 

best 

ENGINEERS, EE 
1. Development of radio and radar components 

and systems. 
2. Design of components for the magnetic de-

flection of Cathode Ray Tubes. 
3. For component and system development 

work in airborne navigational equipment. 

DESIGNERS 
I. For wuerk in the design of elu'rt r  « Iii al 

navigat• al e plut rs 

Kollsman provides excellent facilities for the design and de-
velopment of America's finest aircraft instruments. In our 

modern laboratories you'll find a congenial atmosphere in 
which you can do your best work. You'll be encouraged to 
advance as our progressive organization continues to grow. 

At Kollsman you'll receive liberal benefits including paid life, 
hospitalization, surgical, accident and health insurance. Not to 

be overlooked is the convenient location in a quiet residential 

section only zo minutes from the heart of New York City. Why 
not find out what Kollsman has to offer you? 

KOLLSMAN INSTRUMENT CORP. 
80-08 45th Ave., Elmhurst, L.I., New York 

PHYSICISTS 
and 

ELECTRONIC ENGINEERS 

Physicists, Junior and Senior Electronic Engineers are needed 
for employment with expanding research and development 
laboratory specializing in Instrumentation, Radio Telemetering, 
Data Handling and Analysis, and special electro-mechanical 
devices. 

Electronic Engineers are needed for design of RF Transmitters 
and Receivers and Pulse Circuitry. 

Physicists are needed for the study of electrical and mechanical 
properties of sliding contacts including analysis of contact ma-
terials, lubricants and vibration damping. 

Replies will be held in strictest confidence. 

• Plea' send complete resumes to: 

SCOP  
WE PROVIDE ATHE LEVER • YOU MOVE THE WORLD 

APPLIED SCIENCE CORP. OF PRINCETON 
P.O. Box 44, Princeton, N.J. • Plainsboro 3-4141 

• 
• 
• 
• 
• 
• 
• 

ENGINEERS 

amputer • • c 
• • 
• • 
• • 
• • eeeeee eeee 
• • ee ee eeeeeeeee e 
• e  
• 
• 
• 
• 
• 

BACKGROUND: 

Responsible positions open for top level 

development and project engineers 

with practical and research experience 

in: 

Advanced Electronic Circuits and 

Systems 

Microwave Radar 

Microwave Receivers and Transmit-

ters 

Also Engineering Design and Analysis 

relating to fields such as: 

Analogue and Digital Computers 

Servomechanisms 

Communications 

Navigation 

Fire Control 

Requirements emphasize advanced 

analytical and/or management experi-

ence on highly complex electronic and 

electro-mechanical systems. 

• 

Kindly send 

resume and 

salary re-

quirements So: 

\ 
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The WHEELS of INDUSTRY 

ARE ROLLING 

vi‘111 Tif 
More and more progressive engineering 

firms are realizing the many advantages 

of a Florida location--

• Modern, comfortable housing 

• Pleasant working conditions 

• Year ' round outdoor life 
• Healthful climate 

• Low taxes 

RADIATION. INC. offers its engineers 
these advantages plus the opportunities 

of a young, expanding organization--

• Recognition 
• Advancement 

• Profit sharing 
• Association with other 

leading engineers 

and consultants 

Address inquiries to: 

Director of Personnel 
RADIATION, Inc. 

Melbourne, Florida 

RADIATION, INC. 
Electronic RESEARCH -- DEVELOPMENT -- PRODUCTION 

MELBOURNE, FLA. - ORLANDO, FLA. 

PROCEEDIA'(,. ,,p September, I95S 
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ENGINEERS PHYSICISTS 
Engineering 

WRITERS 

ENGINEERS, E. E. or PHYSICS 

GRADUATES, for preparation 

of technical manuals... 

HUGHES RESEARCH AND 

DEVELOPMENT LABORATORIES' 

expanding program for pro-
duction of radar, electronic 
digital computers, guided 
missiles and other military 
advanced electronic systems 
and devices requires the 

II ELECTRICAL ENGINEERING AND 
PHYSICS GRADUATES to prepare 
operating, servicing and over-
hauling instructions for complex 
electronic equipment. Those 
with previous maintenance 
experience on military equip-
ment preferred. Writers will 
participate in a three-month 
program in our technical 
training school to become 
familiar with the latest Hughes 
equipment prior to writing 
assignments. 

N ENGINEERS EXPERIENCED in the 
writing and preparation of 
maintenance manuals for 
electronic equipment or guided 
missiles. These specialists will 
work step-by-step with the 
people designing, developing 
and manufacturing the products 
involved. Experience in the 
writing of engineering reports 
is of value. 

HOW TO APPLY I 

Write full deli, ils 
of your quill iyi,at ions to 

HUGHES 

Research and Development 
Laboratories 

SCIENTIFIC ANI, ENGINEERINC STAFF 

Culver City, Los Angeles County 
California 

Assurance is ' q rind that felocation 

of the apphcant will not cause dr , ruption 

of an urgent rhht‘cy project. 

needed for 
Research • Development • Design 

• Replies strictly 
confidential 

• Interviews arranged 
at our expense 

• Household goods mov-
ing expenses paid. 

Our continuing expansion 
program offers... 
the KEY to your 
FUTURE in fields of 
/Electronic and Electro-Mechan-
ical Instruments 

1/ Digital Computers 
Servo-Mechanisms, Communi-
cation and Recording Devices 

1/ Magnetic and Dielectric Re-
cording 

FNGINEERING )::)ESEARCHjeSSOCIATES 
DIVISION OF 

1902 W. Minnehaha Ave. 
Affeentegetwr_ 71a.rid 

St. Paul W4, Minnesota 

You will enjoy LIVING in Minnesota 

NEED SERVICE 
Perhaps you have a small sub-assembly or even a complete unit that you would like to 

manufacture but just can't find the space or extra help to produce it. You may find that by 
sub-contracting these items to us you can keep your overhead down. 

We have facilities to handle production run items as well as small run production or 
specialized units. Our staff includes competent Mechanical, Electrical and Electronic Engi-

neers that are well versed in production methods to give you a fast, reliable and economical 
service. 

If you have an item that you would like to put into production on a sub contract basis 

or if you have a specialized item that you would like to have manufactured to your 
specifications, write and give us the details. We feel sure that you will be more than 
pleased with the service we can offer you. 

OMNI ELM TOO\ N 01I11011.NTION 

911 Nfiluaakef. .tv luieago 22. III  

Data! 
From test equipment to waveguides—from printed circuits to 
power supplies, the IRE DIRECTORY supplies buying data you 
need. 

475 manufacturers—the cream of the radio-electronic supply 

firms, have furnished you specific information in this book! 

They tell you their story from "Yes, we have it" to full specifica-
tions, and detailed application data. 

Use the 1953 IRE Directory 
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1V‘LVANIA 

. . TO A 

LSELN119119. 
glicgritEE 
Interested in a 

challenge as great 

as all tomorrow 

If •. 
you're the man we hope you are, 
you now have a good position. Per-
haps you have not thought of a 
change but will consider the right 
iipport unit y. 

You have at least five years of ex-
perience in electronics or an allied 
field. You desire to do more than 
just carry assignments to satisfactory 
conclusions. You have a burning 
desire to blaze new trails on the 
horizon, and feel yourself ready to 

do it. 

You would appreciate an opportu-
nity and the "go ahead" to pioneer 
. . . at your own pace. You've ma-
tured in engineering . . . you know 
where you've been . . . you now 
want to know where you're going 
. . . and what you personally can 
achieve through your crea I'. u- engi • 
'leering talent. 

If you fill these qualifications, we 
have an opportunity that will fas-
cinate you. You will work with one 
of the foremost engineering teams 
in the world, and enjoy rare freedom 
and encouragement. The last word 
in equipment would be at your fin-
gertips. No richer benefits are of-
fered anywhere . . . regardless of 
the standards by which you measure. 

%re YOU the man we hope you are? 
If so, write us with full trust. 

Send your resume to: 
JOHN C. WELD 

Supervisor of Employment 
254 Rano Street, Buffalo 7, New York 

DONALD BRADLEY 
Personnel Supervisor 
70 Forsyth Street 
Boston, Mass. 

ELECTRIC PRODUCTS INC. 
RADIO AND TELEVISION DIVISION 

254 RANO STREET 

BUFFALO 7, NEW YORK 

111111ii/Ai SPECIAL OPPORTUNITIES FOR 

SENIOR ENGINEERS 
Convair in beautiful, sunshiny San Diego in-
vites you to join an " engineers" engineering 
department. Interesting, challenging, essential 
long-range projects in commercial aircraft, mili-
tary aircraft, missiles, engineering research and 
electronics development. Positions open in these 

specialized fields: 

Electrical Design 
Mechanical Design 
Structural Design 
Structures 
Weights 

Servo- mechanisms 
Aerodynamics 
Thermodynamics 
Operation Analysis 
System Analysis 

Generous travel allowances to those accepted. 
For free brochure, write Mr. H. T Brooks, 
Engineering Dept. 800 

CONVAIR 
IN BEAUTIFUL 

SAN DIEGO 
3302 PACIFIC HIWAY 
SAN DIEGO 12, CALIFORNIA 
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ENGINEERS 
looking for . . . 

. . . a good start? 

. . . rapid development of your professional skill? 

You can have either at Sperry, 

PIONEERS IN A WIDE RANGE OF FIELDS, FOR MORE THAN 43 YEARS 

We invite you to investigate the exceptional employment opportunities available 

on our unusually large research, design, and development staff, in many fields 

including the following: 

Vacuum Tube Techniques • Analogue Computers • Radar • Hydraulics • Com-

munication Equipment • Pulse Transformers • Servo Mechanisms • Electronic 

Circuits • Aircraft Controls • Instrumentation • Fractional H.P. Motors • Mag-

netic Amplifiers • Radio Frequency & Microwave Measurement. 

PUBLICATIONS ENGINEERS To write manuals and engineering reports. 

FIELD ENGINEERS For applications engineering work in the fields of electronics, 

fire control equipment, and gyroscopics. 

Advanced and challenging assignments • Association with top Engineers • Inter-

esting, diversified work • Remuneration based on professional abilities • Modern 

plant—latest laboratory facilities • Adequate housing • And of course, employee 

benefits, and congenial surroundings, among the finest. 

Please submit 
resume to our 
Engineering 
Personnel Section. 
(Personal 
interviews may be 
arranged in 
your city.) 

SPERRY GYROSCOPE CO. 
Division of the Sperry Corp. 
Great Neck, Long Island, N.Y. 

Electrical Engineers 

and Physicists 

• Radar Simulation 
• Advanced Circutry 
• Analog Computors 
• Ballistics 
• Mapping 

• Telemetering 

Senior and Junior Engineers 

Join a Finns 
with a Future 

Our future is bright ... we're small 
but we're growing. We offer you the 
opportunity to grow with us . . . to 
gain individual recognition by work-
ing closely with technical manage-
ment . . . to advance rapidly. You 
will work and live in a delightful 
suburban community . . . associate 
with other top-notch engineers, and 
with them, develop yourself by con-
tact with a complete project, not just 
a segment of a project. If you are 
interested in allying your future 
with a firm with a future .. . write: 

Industrial Research Laboratories 
Hilltop and Frederick Roads 

Baltimore 28, Maryland 

.................................................. 

1••••  

.... An Invitation To.... 
Experienced 
ELECTRONIC 
ENGINEERS 

and PHYSICISTS 
We have several positions of tech-

nical leadership available in our 
growing Guided Missile Division. Ap-
plicants must have over four years 
experience and/or advanced de-

grees in either missile guidance sys-
tems. radar, servomechanisms, fire 
control computers, or U.H.F. tech-
niques. 
Our plant is located In beautiful 

suburban St. Louis, where you can en-
joy the comforts of "county" living 
with easy access to "big city" shop-
ping, entertainment, medical and edu-
cational facilities. Moving allowance 
for qualified applicants. Our Housing 
Representative will assist you in re-
locating. 

Address replies to: 
Technical Placement Supervisor 

Box 516, St. Louis 3, Mo. 

MO ELL 
0-zaeret 

Engineers — 
PICK A WINNER 

The Engineering Department which 
designed the Sabre and other head-
line-making military airplanes has 
openings for engineers— experi-
enced in aircraft, recent engineer-
ing grads, or men from other fields 
with adaptable experience. Long-
term military projects and twenty-
five years of continuous expansion 
urderwrite your future at North 
American. Current openings in: 

All Design Fields 
Thermodynamics 1 Aerodynamics 

System Analysis Structures 
Servo-mechanisms 1 Electronics 

Specialists in all major 
aircraft fields 

Liberal travel and moving allowances 

Write to 

North .11nerieau 
.tviaIioii. lue. 

DEPT. 7, ENGINEERING PERSONNEL OFFICE 

LOS ANGELES INTERNATIONAL AIRPORT 

LOS ANGELES 45, CALIFORNIA 
or 

COLUMBUS 16, OHIO 

NORTH AMERICAN HAS BUILT MORE AIRPLANES 

THAN ANY OTHER COMPANY IN THE WORLD 

1 

I sS 

ST.LOUIS 3.14ft 
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INGINEUING 

WITH THE 
PACEMAKER IN 

AVIATION PROGRESS 

NEEDS 

MISSILE 
Engineers and Technicians 

C 

For Field Test Positions 

IN 

NEW MEXICO 

"The Land of Enchantment" 

ON 

GUIDANCE 

FLIGHT TESTING 

SERVOMECHANISMS 

TELEMETERING 

TEST EQUIPMENT 

AIRBORNE ELECTRONICS 

EQUIPMENT 

IDEAL WORKING CONDITIONS 

a a II WRITE: a 
1 all 
III Field Test Director 1. 

1.1 Bell Aircraft Corporation 1.1 

IMI .1 IM Post Office Bo, 391 

Ira Holloman u . Air Devel opment Center M i 
ma mu 

Alamogordo, New Mexico iv.» 
= m .. 

Within 6 Months, Five Qualified 

Electronics Engineers will say: 

"I'm with GILFILLAN" 

Will You Be One Of The Five? 
If you qualify for one of five oppor-
tunities now open at Gilfillan, you 
will be working for the pioneer of 
GCA Radar—the first name in GCA, 
Radar and Electronics research, de-
sign and production today. 

Present Gilfillan projects include 
navigational systems for military 
and civilian application; missile 
guidance; E.C.M.; automatic GCA; 
and classified projects. 

There are many reasons why you 
will like Gilfillan. We are big enough 
to handle all phases of engineering, 
production, and final test; yet not 
so large that the individual is lost. 
We work as a team, yet each man 
gets individual recognition. Pay is 
paced to ability, not seniority. 

Work is creative at Gilfillan because 
ideas begin here. At present, we are 

designing equipment for all three 
military services, dealing with ad-
vanced or unsolved techniques. Each 
day presents a challenge. Each day 
adds to your value, because you 
work in coming fields. Yet, at Gil-
fillan, we also follow through. You 
have the satisfaction of seeing the 
practical achievements of equip-
ment in the field. 

Technical seminars conducted by 
staff experts are almost always in 
session. Gilfillan pays the tuition of 
ambitious men for evening courses 
at USC and UCLA. 

General working conditions and sal-
aries at Gilfillan are unsurpassed in 
the field. The benefits of Southern 
California living are legendary, and 
Gilfillan will assist you in establish-
ing your new home. 

YOUR QUALIFICATIONS-HOW TO APPLY 
An E.E. or Physics degree and ex-
perience in one or more of the fol-
lowing fields: general radar and 
computing systems; micro-wave cir-
cuit design; antenna design; gener-
alized systems analysis; servomech-
anisms; radar transmitter-modula-
tors; indicator systems; wide band 
IF amplifiers and receivers; general 
pulse circuits; electro-mechanical de-
sign. 

Send a general resume of your ex-
perience to R. E. Bell, Gilfillan Bros., 
1815 Venice Boulevard, Los Angeles 
6, California. Personal interview at a 

convenient locality will be arranged. 

Or, if you wish for more information 
before application, send for our 
brochure. However, given equal qual-
ifications, first applications will be 
given first consideration. 

Gil//i/art 
ee 
A — 

Los Angeles 

GC 
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TUBELESS 
MAGNETIC 
AMPLIFIER 
DC SUPPLIES 
for Automotive 
and Aircraft Industries 
Sorensen Nobatrons Model 
MA6/15 and Model MA2850 are 
tubeless — using magnetic ampli-
fier principles. They have plenty 
of current capacity — 100 amps at 
6 volts or 75 amps at 12 volts in 
the MA6/15 and 50 amps at 28 
volts in the MA2850. Please see 
the specs below. 
The MA6/15 is designed primarily 
as an automotive production test 
instrument for use in checking 
window motors, heaters, clocks, 
radios, headlight dimmers, igni-
tion systems, air conditioners, cig-
arette lighters. The MA2850 can 
be used for testing aircraft 
heaters, pitch changers, inverters, 
radar, fire control systems, etc. 
Built around tubeless circuits, 
both models are carefully engi-
neered and built to give you years 
of trouble-free, dependable serv-
ice. Write for information now! 

SPECIFICATIONS 

Model MA2850 

Input voltage range 

Output 

Current 

Ripple 
Regulation accuracy 

lime constant 

Dimensions 

190-230, 30, 4 wire. 
60 . 
2s volts DC, adjust-
able between 23 
and 36 volts. 
0. 50 amperes 
3% max RMS 

+1% against line 
load combined 

0.5 seconds under • 
worst conditions 
151/2" wide x 253/8" 
high x 13" deep 

Meters are standard. 
Units are self contained. 

Model MA6/15 

Input voltage range 

Output 

Ripple 

Regulation accuracy 

Time constant 

Dimensions 

210-250 VAC, lo, 
60 

Adjustable 6 - 7.7 
volts DC from 0-100 
amperes 
Adjustable 12 - 15.4 . 
volts DC from 0 - 75 • 
aroperes 

1% max RMS 

4-1% against line 
and load combined 

0.2 seconds under , 
worst conditions 

21" wide x 36" high , 
x 15" deep 

Meters are standard. Ccsbirets optional. 

SORENSEN 
SORENSEN AND COMPANY, 375 Fairfield Ave., Stamford 13, Conn. 

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 150A) 

Step Variable Delay Line 
Advance Electronics Corp., P.O. Box 

394, Passaic, N. J., has designed the Type 
702 Step Variable Delay Line, a bilateral, 
linear network, capable of producing 
variable time delay up to 10 microseconds 
and having equal input and output im-
pedance. These variable delay lines con-
sist of 55 sections of lumped-parameter 
L-C filter net works. Each section of these 

networks was specially designed to give 
linear phase shift up to 70 per cent of its 
cutoff frequency, and a frequency response 
curve being Gaussian in shape. As a result. 
Type 702 step variable delay line produces 
essentially zero over-shoot and has a %,ery 
rapid rise time. Other outstanding features 
include freedom of time jitter, no limit in 
repetition rate, small size, light weight, 
and very wide frequency band-width. 

The time delay is variable in step of 
1 microsecond up to 10 microseconds by 
means of a four-position push button 
switch. The characteristic impedance is 
190 ohms nominal for both input and out-
put. The rise time is less than 0.45 micro-
second at any step. The nominal cutoff fre-
quency is 1.27 mc. The maximum applied 
voltage is 500 volts peak. The dimensions 
are 2X51X8 inches. 

Ultra-High Speed Relays 
Stevens-Arnold, Inc., 22 Elkins Si., 

South Boston, \ lass., states that their 
new millisec relays are the world's fastest 
plug-in, factory sealed relays. 

They are now being offered to cover a 
wide range of temperatures. in a larger 
N'ariety of types, and with a choice between 
gold and plat intun-rhodium contacts. 

The use of gold contacts is employed 
to meet the request for the combination of 
ultra-high speed and low current, hnv vcAt-
,ige contact operation. It is the firm's opin-
ion that in such applications, platinum-
rhodium contacts, as previously offered 
e \ elusively, are at a disidvantage. After 

(Continued on page 163.4) 
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DO YOU KITOW WIM-IMS IS??? 

Photo from 
••My Maryland" 
A. Aubrey Pe,dd, 

...AND WHAT IT MEANS TO  YOU FUTURE? 
These are the traditional white marble steps° of Balti-

more, photographed from an unusual angle. There are no 
unusual angles of employment with Westinghouse in Bal-
timore, since every opening is a step toward a well-planned 

future. 

In your plans, be sure to include the Baltimore Divisions 
of Westinghouse. Here operations are deliberittev keyed 
to a balance between civilian and militan work, which 
means that continued peak production is a ma:ter of policy, 
rather than cl•ance. 

Salaries are commensurate with training, experience and 
ability. In addit:on to a highly respected patent award plan, 
opportunities for advanced degrees, and relocation ex-
penses, Westinghouse offers all of the usual employee hem'-

fits, plus! 

Cs.,rrent!y we have an opening for a. 

COMMUNICATIONS AND TELEPHONE ENGINEER 
• ANTENNA AND WAVEGUIDE ENGINEER • 

MAGNI TIC AMPIIFIER ENGINEER • TECHNI-

CAL WRITER • MATHEMATICIAN ( Ph.D. level) 

. . . and other engineers wno can complement 
our already fine organizatior. 

To apply, send oésurné to— 

R. M. SWISHER, JR. 
Employment Superylsor 

Dept. S-2 

Westinghouse 
Electric Corporation 

109 West Lombard Street, Baltimore 1, Md. 

If von are aln.m iy employed at your highest 
skill in a defense industry, do not apply. 

° Actually, most Baltimoreans now puler to live in the spacious and attractive suburbs which 
surround the city. 
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COMMUNICATIONS EQUIPMENT CO. 

RADAR TEST SETS 
TS 268/UP 
Crystal Test Set. for checking type IN21. 114721A, 1522. 
IN23. etc. Extremely compact. reliable, rugged. Op-
erates front ono flashlight cell. In portable wood 

New    842.50 

IS 270A/UP: 
Box for checking overall performance of radar 

...wrong« operating in Sq Band. Brand new, complete 
ulth horn. ,pare etystals. eords, etc. P.O. R.' 

SPERRY MICROLINE 
S 12 'otter and NiodoIgtor, for 
2K39. 2K41. 417.1. etc. Operates from 115Y, tSr 

t'sed. Excellent supplied with 2-4I7A Klvst 
P.O. R. 

'POR. Price on Request 

TS-36 POWER METER 
Operates 8500-9500 SIC. Thermistor bridge feeds 0-2011 
Inicroatnit meter and video output jar-L. Calibrai loir 
chart plots power-vs-meter reading. Waveguide input 
114" o 8It" clic. Bridge uses 4-1tg V size Dry COI: 
Power Range: 0.1-1000 MW  NEW $ 175 

TS 159 TPX: 
Combined mat crueler. her,. meter, signal generator. 
vcdtmeter and power meter. Freq. 150-190 MC. Volt-
tnetet: 0-500 VIN'. Power Meter 0-800 Watts Polak. 
Uses 10 MC crystal for ehecking calibration. Pow. 
115V. 400 Cycles. New. Complete with calibration 
:thee  $49.50 

TS-56A/AP SLOTTED LINE 
Frequency Ranee and Characteristic Impedanct 
The Model T.1-56A/AP Slotted Line is deuigned 

for operation over a frequency range of 360 to tri-i 
megatscies. The slotted line has a characteri:tie 
impedance of 51 ohns. 
Indicator 
The indicator consists of a detector and mete, 

which when intiunttri on the slotted line indicate , 
the voltage along the line. 

'flte indicator is divided into two separable units: 
the racier tars and the ressanator box. The tirs-tel 
box contains the meter, battery and all wiring. The 
resonator box eontains the 957 tube, the ignite anti 
this tuning condenser in the resonant chamber. 
The frequency limit as set by the re, ,,,, ant catit % 

of the indics-truc boo is 340-690 megatseles. 
Slotted Line 

Sinee the length of the slot is 41.9 centinteteas ro 

wave or wave length greater than two times 41 II 
rentimeters eau be anted on the slotted line. This 
wavelength cortexponds to a frequents of 348 mega 
cycles. The slotted line has no upper frequen-) 
limit.. However. the frequency limits of the contpl 
unit are set by timing range of the indicator Is, 
Cable 
The cable artionlied is the itn-R/U co-axial cahle 

terminated Is two Amplienol 93-11 conneetors. Th. 
nominal chatgeteristic impedance or the cable I-

oluns. The itieleetrie to stabilized onlyethylcw 
aml the normal merall di.i.nreter is 0.405 hullos. 
The amplienol 93-M eonnertors ate provided with 

it 'merle' Insert which is in the form of a shell 
that makes control with the braid and the 93- SI 
etemeetor. The inmert maintains the cable In out 
position and also insides eleetrietal enntinuity be-
tween the slotted line and the cabe. 
Adapters 
Two "Amphenol to Selector" adapters are pro• 

tided for use with an Amphenol 93-F crrttirertor 
Ion end of slotted line) and a Selector C-49191 
connector. To ronneet a cable with a Selectar 
l•-49195 connector to the end of the slotted line. 
the adapter nor,t Ir,- used. 
NEW. COMP. WITH ALL ACCESSORIES AND 
CARRYING CHEST  $235 

NAGNETRO.N5 
Type Price Type Price 
2121  $ 8.75 2139  $24.50 
2122   7.50 2149   59.50 
2I27 ..... 19.05 2161   34.50 
2131   24.50 2162   34.10 
2132   28.50 2131 .... 85.00 
2137   12.50 725•A  Write 
2138   16.50 730•A 24.50 

OK 60, 61, 62-$85 ea. 

KLYSTRONS 
723A  $ 12.50 2K25/723A/fl  $27.50 
723A/B   19.50 ' 417.A ( Sperry)   17.50 

SELSYNS 
115 VAC 60 CYCLES I PHASE 

I-Transmitter 2C-78248 Per Set 
I-Differential 2C-78249 $24.50 
Transmitter Units Only   517.50 ea. 

MICROWAVE COMPONENTS 
"S BAND," RG48/1.1 WAVEGUIDE 

POWER SPLITTER for use with type 726 or any 
10 CM Shepherd Klyotron. Eller gY is fed from 
KlYstron antenna through dual ptek-ult try altos 
to 2 type "N" connectors  $22.50 EACH 

DIRECTIONAL COUPLER. Itroadlrand type "N" 
Coupling. 20 rib, with std. flanges. Navy :CAM' 
47AAN-2  $37.51 

LHTR. LIGHTHOUSE ASSEMBLY. Part of RT:o 
APO 5 & MK: 15. Receiver and Trans. Cas,':, s 
w/assoc. Tr. Cavity and Type N CPIAil, To 14ei 
Uses 21740. 2143. 11127, Tunable APX 210.1 
511.34 Silver I'lated  $49.51 

BEACON LIGHTHOUSE rarity 10 cm. Mfg. piq-
uant litre. each  $47.50 

MAGNETRON TO WAVEGUIDE Coupler ail, 
721A Duplexer Cavity'. gold plaited  545.00 

RT•39 APG-5 10 em. lighthouse IIF bead 
Xliltn.-Ilenrr-TII, cavity comp!. recor. & 341 314: 
IF strip using 60K5 12C40. 20143. 1B27 lineup) 
w,Tultes. 

72IA IR BOX complete with tube and tuning 
plungers  $12.50 

McNALLY KLYSTRON CAVITIES for 70711 or 
21(28  $4.00 

F 29 SPR-2 FILTERS. tYpe "N" input and 
output  $12.50 

WAVEGUIDE To 3i'r RIGID COAX 1)0011-
KNOB" ADAPTER CHOKE FLANGE, SILVER 
PLATED 111110A111 BAND  $32.50 

AS14A AP•10 CM Pick up Dlmle with •' N" 
Cables  $4.50 

Oki ECHO BOX. 10 CM TUNABLE  $22.50 
HOMERELL•TO-TYPE "N" Male Adapters  
W E. : Dr.:72,4 

I. F. AMP. STRIP: Sit MC, 33 kb, gain, 31a 
BanilnitIth, uses flAC7'a-with video detector. 
less tubes  $24.50 

PUs. yHtap ANTENNA. AS3I/APN-7 in ...wire 
liait. ripe "N" teed  $22.51 

ANTENNA. AT49A/APR: Broadband COM1C111. 21111-
.'-2t1X) SIC Type "N" Feed  212.50 

"E" Cr "H" PLANE BENDS. 90 Deg. less 
flanges  $7.50 

'/e" RIGID COAX- Ye" I. C. 
ROTARY JOINT. Stub- supported, Pli 46/1110 45 
fittings  $27.50 

10 CM STABILIZER Cavity. tunable. stantiald 
1.74146/UP 40 fittings  $45.00 

RG 44/U RIGID COAX, stub support. 5 ft. 'section:, 
with Cf:r., 111.15 mono...tors  $17.30 

ST ANGLES for above  $2.50 
NIGH I ANNLE BEND. with flexible coax willed 
pickup I.q,  $8.00 

SHORT RIGHT ANGLE BEND. with pressurising 
nipple  $3.00 

PIGin Crtt•tx to th, orbits convesior 61 Si 
RT, ANGLE BEND IS" L. OA  $3.50 
FLEXIHLE SEC I ION. 15 L. Male to female  $4.25 
?is" RIGID COAX, BULKHEAD FEED-THRU 
 $14.00 

X BAND- RG 52/U WAVEGUIDE 
UG 39•U Fianiii,   SI Ill 
UG 411A/U Choke Flanges, Broadband  21.65 
I ' a ./,-. way.sulde in 5' lengths. UV: 39 flange to 
UO40 cover  per length $1.50 

Rotating Joints supplied either with or without deck 
mounting. With 1•1;40 flanges  each. $ 17.50 

Bulkhead Feed-thru Assembly  $15.00 
Pressure Gauge Section 13 ut. gauge and press 
nipple  $10.00 

Pressure Gauge. 15 tbs.   $2.50 
Directional Coupler, U(1- 40/U Take off 20 db. $ 17 50 
TR-ATR Uuplexor section for above  $8.50 
Waveguide Section 12" long eholte to rover 45 de, 

twist a: :II." radius. 00 deg. bend  $4.50 
Twist 90 deg. 5" eholte to rover w/itre nipple $6.50 
Waveguide Section 2Ii rt. 1011X silver Dlatell twiti4 

eholte flange  $5.75 
Rotary Joint choke to choke with, deek mount-
ing  $17.50 

3 cm. mitered elbow "B" plane  $12 00 
90 degree elbows. "E" or " 11" plane 214" or-

din,:  $12.50 
90 degree twist 6" long  S8 00 
U040A/U-Broadband Choke Flange  $1.65 
Microwave Receiver, 3 CM. Sell-1110[y: 111-1 , .. 
Wirt, l'einii.1-n• 'grim 1..0 ,00l .‘"C iliv., ., I 
Wareguide Input Circuits, 0 I.F. Stages give al: 
iiiinxiiimileb 12, DB gain at a 1.11111M tins '14 i : 

Mi'. Vigil-0 liandwidth: 2 SIC. Uses latest true 
AFC eirruit. Complete with all tubes. in -hullo, 
723.1/ii Local (Oscillator  5175.00 

1 1/4 " x 5/8" WAVEGUIDE 
CG 98B/APII 13 12" Flex. Sect. PA" x %" tIlt 
 210.0) 

X Band Wave (113. %" 0.1). 1/16" wall 
aluminum pn. ft. 75C 

Slug Tuner Attenuator W.R. guide, old plated $6.50 
BI- Directional Coupler, Type "N" Takeoff 20 rim. 

COW/ling  $27.95 
DI- Directional Coupler, 10-52. Takeoff 20 411, 
coupling  $24.95 

Wavegulde•to•Type "N" Adapter. Broadband 
 $22.50 

MICROWAVE MIXER 
CV-12/AP13•11: Warta:Mile/mixer unit, 4000-

(1000 inc. Designed far use with microwave 
receiver. Ilas pick up loop for coupling to 
lighthouse cavity local ostillator. Ith• input 
is to I" x 2" waieguide ( contact flange). 
Output ( through 1n21 otl.) is from stantiani 
50-- ohm coax connector. Brand new. MIM-
I/We with crystal. As shown  $35.00 

PULSE NETWORKS 
15A-1•400-50: 15 KV. "A" COLT. 1 mternsee. Mel 
PPS, 51) ohms imp.  $37.50 

G.E. 7.3E 13-04-810( 0-2,24-405) 50P4T : 3KV 
CET Dual Unit ; Unit 1. 3 sections. 0.111 Micro..., 
,to 50 ohms imp.: Unit 2. 8 Sections. 2.21 
1111010.1.1.. 4110 PPS 50 ohms imp.  $6.53 

7-5E34 1.200467P. 7.5 KV ••E" Cireuit. 1 animater. 2ini 
PPS. 67 ohms impedance :I sections  57.50 

745E44640. 1;71' 7.5 K's----. " Circuit. 1 sections 16 
interims% MI PPS. 67 ohms imperlanre  $15.00 

7- 5E3-3-200.67P, 7.5 KV, ••E" Circuit, 3 nrierosee. 2.61 
PPS. Moo: imp. 3 sections  $12.50 

:755: IOKV. 2.2usec., 375 PPS. 50 01111/8 luit,  S'7.59 

:754: IOKV. OROusec.. 750 PPS, 00 ohms inn).  $ 7.5/ 

KS8365 CHARGING CHOKE: 115-1511 11 (6 . 02 1. 32-
4011 irt :OM, 30.700V Corona Test, 21KW Ir ut $37.50 

G.E. 25E5.1.350-50 P2T. "13" SKI, 1 Mieroase. Pulse 
re 30o PPS. 50 0115IS Impedance  $69.50 

KS9623 CHARGING CHOKE: 1611 OV 75 MA, 3110 01,04' 
Deli, 9600 Vac test  $14.95 

G.E. 6E3-.0-1000 50 PST: 6 KV., "V" (Intuit 0 0 11Sel. 
/2000 PPS SO olims/2 sections  $7.50 

PULSE EQUIPMENT 
MIT, MOD. 3 HARD TUBE PULSER: Output Ptilm, 
Power 144 KW 112 KV at 12 Amp). Duty Ratio: 
.001 max. Pulse duration: 5. 1.0. 2.0 000r-' st.-e. Input 
voltage: 115 v. 400 to 2400 cps. Uses: 1-7111, 4-119-11. 
3-'72's, 1-72. New  Ire.. Cover- $ 135 

APQ-I3 PULSE MODULATOR, Pulse Width . 5 
1.1 Micro See. BeiA rate 024 to 1342 Pno. Pk pwr. 
out 33 KW Energy 0.018 Joules  $49.00 

TPS•3 PULSE MODULATOR. Pk. power (S0 amp. 24 
KW moo KW ink): noble rate 200 PPR. 1.5 micro-
see. mitre line impedance 50 ohms. Circuit series 
charging version of DC Resonanne type. Priest two 
705- A's as rectifiers. 112 v. 400 eyrie input. New 
wilt, all tub,  $49.50 

PULSE TRANSFORMERS 
G.E. K•2449: Line to magnetron: PH: 50 ohms Z. 9.5 
K5' fir RO Amp. See: 450 ohm Z: 28 KV ra 28 Amit. 
Peak icor. ROO kw. ( Pulse width: 1 unce fre 035 Pus.) 
Twin Itiflair secondary permits use of external Illa 
ment t ransformer  262.50 

UTAH X•151T-1: Dual Tralisforiner. 2 Mg.. per see. 
ti011 1:1 Ratio per sec 13 MU induetance :10 olitis 
Deft  $7.50 

UTAH X•150T-1: Two section.. 3 Wdas. per seetion 
1:1:1 Ratio. 3 0111. 6 ohm. OCR per Wdst 57.50 

68G71 t: Ratio: 4:1 6.7 Ohnm, Pd: 0.23 Ohnis sec $4.50 
TRI049: Rego: 2:1 Pri, 220 MM. Sr) Ohm.. sec. 0.7511. 
DC11 100 Ohms  $6.75 

K•9016954501: Ratio 1:1, Prl. Inn,. 40 011M, See I MP, 
40 Oloos. Passes pulse 0.11 lixec with 0.05 es-, 
rise  $8.93 

G. E. K-2745  $39.50 

Ray UX 7836- Pulse 01111,111 PH. 3v. sec. 41v. ...$7.50 

Ray UX 8442 Pulse inversion --40v -4- 40v  $7.50 

PHILCO 352-7250. 352-7251, 352.7287 

RAYTHEON: UX8693. UX5983  $5 ea. 
WE.: D-166310, D-I66638, KS 9810, KS9948. 

UTAH :3262. with Craned lin-anis. Illit will operate 
at foil rated capacity  $5.00 

UX a693 ISCS 727:M127-041: 3 %lg.:. 5:1 Mini PS 
IN ' it is: .362/.372/.4 ohms. Total voltage 

2500 vile.  $5.0) 

D•166173: 50 ohms Z. Output: 900 ohms 3 
W.1,, Fe...a , range ill kr-2inc. P/0 AN/AP(1, 13 

$12.50 

K•2450: Pulse-inversion auto-transbemer: primore 13 
he, 4 une-r', kv (re too kw peak .... 534.50 

K•2748•A: Line to magnetron. lias magnetron well sod 
provision for external fil. trans$37.59 

10 CM R.F. HEAD 
Complete R.F. Head and Modulator delivers 

50 KW Peak R.F. at 3000 MC. Pulser delivers 
I2KV pulse at 12 Amp, to magnetron of 5, 1. or 
2 microsec. duration at duty cycle of .001. Unit 
requires 115V, 400-2400 Cycles. 1 phase @ 3 SA. 
Ks., 24-28 VDC @ 2A. External sync. Pulse of 
I20V Reci'd, Brand New, Complete with 
schematic and all tubes  $375.00 

MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.O.B. NEW YOU CITY. SEND M.O. OR CHECK. ONLY SHIPPING SENT C.O.D. 

RATED CONCPRNS SEND P.O. ALL MDSE, SUBJECT TO PRIOR SALE, AND PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

PARCELS IN EXCESS 01- 20 POUNDS WILL BE SHIPPED VIA CHEAPEST iRUCK OR RAILEX. 

131 Liberty St., New York 7, N. Y. Dept I-9 Chas. Rosen Phone: Dlgby 9-4124 
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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 160A) 

continued use at high speed they exhibit 
a tendency to increase their contact re-
sistance. The amount of this increase is un-
predictable in advance, but is considerable. 

In order to provide low contact re-
sistance originally, that will remain stable 
over a long life at high speeds, a choice 
of either gold alloy contacts or platinum-
rhodium contacts is offered. 

The gold is used to cover the range of 
0 to ampere at 0 to 110 volts dc. The 
platinum-rhodium is used to cover the 
range of 0 to 4 ampere at 10 to 110 volts 
dc. 
A listing of the additional types, to-

gether with complete engineering in-
formation is given in a new Catalog 337. 

UHF-VHF Signal Booster 
Grayburne Manufacturing Co., Inc., 

4-6 Radford l'1., Yonkers, N. Y., an-
nounces the production of their Nlodel 
TSB- 1, an IF signal booster for UHF and 
VHF. The unit, now available at parts dis-
tributors, provides an extra stage of IF to 
amplify both UHF and VHF signals with-
out switching. The booster, which is sup-
plied in adaptor form, is installed in an 
existing tube socket and requires but one 
wire connection to ground. 

This new signal booster amplifies sig-
nals passing through the IF stages and 
offers all the advantages which would be 
contributed by an additional stage of IF. 
It is said to improve performance in near 
fringe areas, increase picture brightness, 
amplify signals over 20 per cent, and clear 
"snow" effects. 

(Continued on page 165A) 

FOR FASTER, MORE ACCURATE 

MEASUREMENT OF. 

YOU CAN READ THE 
ANSWER DIRECTLY 

ACCURATELY AND EASILY 

without computation or interpolation on 

this Potter Megacycle Frequency-Time 

Counter. For maximum versatility, com-

plete reliability, and proved performance, 

this unique instrument is outstanding. One 

compact unit provides the means for these 

basic tests. 

DIRECT FREQUENCY from 0 to one 
megacycle. 

PERIOD for one or ten cycles of the 
unknown. 

TIME INTERVAL from 30 micro-
seconds to 1,000,000 seconds. 

FREQUENCY RATIO for two un-
known frequencies. 

TOTAL COUNT from 1 to 106. 

RPM with an accuracy of ± 1 rpm at 
any speed. 

TIMING in increments of 10 or 100 
usec; 1, 10, or 100 millisecs; or 1 sec. 

• • 

and 

The Only 

Universal 

Megacycle 
Frequency 

Time 
Counter 

dkeet_tP o 

Use it, too, as an accJrate secondary 

frequency standard with outputs of 

100, 10 and 1 kc; 100, 10, 1 and . 1 cps. 

OPTIONAL FEATURES 

such as additional decades, mechanical registers, preamplifiers, and 1 mc crystal 
for interval resolutions to one usec, further increase ti-e utility of the Model 850. 

Only Potter Instruments offer a choice of the famous Potter 1-2-4-8 four lamp 
readout for maximum reliability and readability or the 0-9 ten lamp readout for 
direct digital indication. Adjustable display time for either indication provides auto-
matic or manual reset after the reading period. 

As accessory equipment the Potter Instrument Companr can also supply high speed 
printers and digital magnetic tape handlers for recording the diçjital information. 

If you are now using awkward, time-consuming methods of measurement, you can 

save time and money by putting this universal measuring instrument into your 
program now. Like every Potter product, the Model 850 is the industry standard, 

and is always specified wherever results are important. For complete information 

and our recommendations on your specific laboratory or production problem, write 
to Department 9-E the Potter Instrument Co., Inc., Great Neck, New York. 
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SILVER GRAPHALLOY 

... for applications re-
quiring low electrical 
noise, low and constant 
contact drop, high cur-
rent density and mini-
mum wear. 

EXTENSIVELY USED IN 

SELSYNS 
ROTATING THERMOCOUPLE and 

STRAIN-GAGE CIRCUITS 
ROTATING JOINTS 

GUN- FIRE CONTROLS 
DYNAMOTORS etc. 

Wide range of grades available for standard 
and special applications. 

Brush holders and coin silver slip rings avail-
able for use with Silver Graphalloy Brushes. 

OTHER GRAPHALLOY PRODUCTS: 

Oil-free self-lubricating 
Bushings and Bearings, Oil-
free Piston Rings, Seal Rings, 
Thrust and Friction Washers, 
Pump Vanes. 

GRAPHITE METALLIZING CORPORATION 
1001 NEPPERHAN AVENUE • YONKERS. NEW YORK 

Pleose send doto on Gropholloy BRUSHES ond CONTACTS. 

D Send dole on BUSHINGS. 

NAME I TITLE 

COMPANY 

STREET 

CITY ZONE STATE 

Conform to 

JAN-C-1 72A 

SPECIFICATIONS 
... but are actually 

made to exceed 
AN- E-19 Drop 

Test requirements 

RUGGED PROTECTION for VITAL 
EQUIPMENT: Finnflex 
Mounts isolate vibration 
and shock from Electronic. 
Communication, and Con-
trol Equipment. They offer 
unimpaired efficiency from 
—80° to -1-250°F.. "Selective 
,Action" friction dampening. 
non-linear steel springs, and 
other features. Wide range 
of sizes and load ratings 
avai lable. 

.7800101011114e. 

TYPE SR MOUNTING BASE 

TYPE TPM VIBRATION ISOLATOR 

SHOCK MOUNTS for Signal Corps Mobile Equipment and for Naval 
Fire Control Units. 

SPECIAL PROBLEMS: Complete facilities for designing and fab-
ricating Shock and Vibration Mounts to order — regardless of 
size or weight of equipment mounted. 

Specify FINNFLEX—for Ruggedness. Efficiency, and Economy. 

Write for Catalog MB-110 

T. R. FINN E. COMPANY, Inc. 
Specialists in Vibration Control 

333 JACKSON AVENUE, NEW YORK 54, N. Y. 
Phone: CYpress 2-4192-3-4 

AIRBORNE 
MOUNTING 
BASES 

VIBRATION 
ISOLATORS 
SHOCK 
MOUNTS 
To JAN -C- 172A 

SPECIFICATIONS 

and TO ORDER 

and PRODUCTION 

METALLURGISTS 
Fine wire and ribbon in base, rare, and 
precious metals, and alloys for 
new and highly engineered applications. 
In small units and sizes, 
and to close tolerances. 

Further details on request. 

SECON METALS CORPORATION 
228 East 45th Street, N. Y. 17, N. Y., MU 7-1594 
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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 163.4) 

Twin Power Triode 
Chatham Electronics Corp., I . ivingston, 

N. J., announces a new high perveance, 
high plate dissipation twin power triode 
for voltage regulation. Used as a series 
tube, this type will " pass- a minimum of 
150 Ina per section at 40 volts dc ep, and 
the same current at 200 volts dc ep, using 
a grid bias of — 60 volts. 

This tube features a hard glass en-
velope and a 8-pin Initt stem. l'in connec-
tions are the same as Chatham Types 
6.NS7G and 6080. Height 4.75 inches maxi-
mum and bulb diiimeter is 2.07 inches 
maximum, mounting position: any, shock: 
30" angle. EF is 6.3 Volts: 5 amperes maxi-
mum. NI aximtun liulb temperature is 
1511'C. 

Forced ventilation is not necessary at 
ambient room temperature. ii tu is 2.7. 
GNI: 11,000 micromhos, Rp: 250 ohms. 
I.ife 1000 hours minimum. Designated 
Type 6336 by the manufacturer. 

Reader inquiries are invited. 

RF Choke 

The Grayburne Corp., 4-6 Radford 
l'1., Yonkers, N. Y., announces the de-
velopment of its " P-Wee RF Choke." This 
unit incorporates a high permeability fer-
rite core resulting in good operating char-
acteristics and extremely small size. The 
P-Wee Choke is recommended for use in 
computer circuits and other applications 
where component size is a critical factor. 

15111111111111116111111.111111 1111711111 ¡ III 

The electrical characteristics of the 
choke are as follows: dc resistance, 120 
ohms; induction, 25 mh±5 per cent; dis-
tributed capacity is 8 Q at 100 kc is 
115; Q at 450 kc is 80; and current carrying 
capacity is 100 ma. 

1953 IRE Directory 

Coming in 

September 

for VHF and UHF 

applications 
Silvered mica button capacitors meet all require-

ments as components for better VHF and UHF 
performance. Exceptionally small and light in 
weight, they are a valuable aid to miniaturization. 
Extremely low series inductance makes them ideal 
for application in high frequency circuits. 

Sangamo Button Capacitors are encased in silver 
plated corrosion resistant brass and are stable 
over an operating temperature range from minus 
50° C to plus 85° C. The silver plated case per-
forms the dual purpose of shielding and serving 

as the low potential terminal. 

Sangamo Buttons can be furnished with tempera-
ture coefficients and drift characteristics up to and 
including "E" of JAN-C-5. They are available in 
a wide variety of styles and in multi-section 
assemblies to facilitate installation in miniaturized 

equipment. 

Engineering Bulletin TS-110 gives detailed infor-
mation. Write for your copy today. 

MARION, 
• ILLINOIS 
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_PRECISION 
SERIES EV-I0A 

VTVM-Megohmmeter 

TRUE ZERO CENTER VTVM 
7" FULL VIEW METER 

With DIRECT PEAK READING HIGH F SCALES 

Plus Standard 1000 Ohms pee Volt Fun,::ions 

59 Ranges to' 6000 Volts, 2000 Megohms 
• 12 Amperes, + 77DB 

D.C. VIVA ranges to -'60 KV when used 
with TV-1 High Voltage Safety Test Probe. 

RANGE SPECIFICATIONS 
* EIGHT ZERO-CENTER VTVAI RANGES: 

7J-120, = 300, --L. 600, 
±1200, ± 6000 volts D.C. 

* HIGH INPUT RESISTANCE-
131/3 megs. to 600 V., 261/2  megs. at 
1200 V., 1331/3 megs. at 6000 volts. 

* FOUR DIRECT PEAK READING RANGES: 
0-3-12-60-120 peak volts. 
(Requires Series RF-10A high FreqLency 
Probe described below. 

* SIX OHM and MEGOHMMETER RANGES: 
0-2000-200,000 ohms. 
0-2-20-200-2000 megchms. 

* EIGHT EXTRA A.C.-0.C. VOLT RANGES 
at 1000 D./V. for roteine circuit testing. 
0-3-12-60-120-300-600-1200-6000 volts. 

* EIGHT D.C. CURRENT RANGES: 
0-300 microamperes. 
0-1.2-5-30-600-1200 MA. B-1.2 Amperes. 

* EIGHT DB RANGES: —20 to -1- 77 db. 
Calibrated for 1 MW., 600 ohms zoo db. 

IMPORTANT FEATURES 
* Voltage Regulated-Bridge Tyoe Ci-cuit. 
* True Zero- Center VTVM—S.multaneously 

Indicates both voltage and polarity. 

* Rotary Range and Function Selectors. 
* Recessed 6000 volt Safety lacks. 

* Shielded Coax Test-Cabe Connectors 
fer both D.C. and R.F. probes. 

* Electronic-Bridge Ohm-Megohmmeter. 
Uses 2 self-contained 1.5 V. batte -ies. 

* Extra-large 7" Rectangular PACE Meter. 
200 microampere, ± 2% sersitivity. 

* 1% Film Type and Wire-Wound Resistors. 

EV-10A (MCP) In black r•pple finished, 
heavy gauge steel case. Size 101/2" x 12" 
x 6". Complete with coos a' circuit isolat-
ing test probe, shielded oimmetex test 
cable, standard test leads, ohmmeter 
battery and manual..$99.75 

SERIES RF-10A 
R.F. Prote 

Accessory for Series 
EV-10A above; affords 
direct h:gh frequency 
peak vol:age measure-
ments. Employs 9002 
miniature tube.... $ 14.40 

PRECISION APPARATUS COMPANY, INC. 
e2-77 HORACE HARDING 111.VD., EAMHURST 13,N. T. 

repot' Dan,. tbll 8toennay New Scat 13. LISA • tatdes— Peahen° 
In Came» Atlas Rem Cap. Lid. 560 Ifing heel. W.. Totonto 28 • 

FIRST WITH THE 

FINEST IN . . . 

• CATHODE-RAY OSCILLOG-

RAPHY 

Instrument Division, 

760 Bloomfield Ave., Clifton, N.J. 

• CATHODE-RAY TUBES 

AND COMPONENTS 

Cathode-ray Tube Division, 

750 Bloomfield Ave., Clifton, N.J 

• TELEVISION TRANSMIT-

TING EQUIPMENT 

Television Transmitter Division, 

1500 Main Ave., Clifton, N.J. 

DU MONT 
ALLEN B. DU MONT 

LABORATORIES, INC. 

ZOpHAR I ---WAXES 

Zophar Waxes, resins and 

compounds to impregnate, 

dip, seal, embed, or pot elec-

tronic and electrical equip-

ment or components of all 

types; radio, television, etc. 

Cold flows from I00°F. to 

285 °F. Special waxes non-

cracking at —76°F. Com-

pounds meeting Government 

specifications plain or fungus 

resistant. Let us help you with 

your engineering problems. 

ZCiPHAR MILLS, INC. 
112-130 26th Street, 
Brooklyn 32, N. Y. 
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STRETCH YOUR 
OPERATING RANGE 

I wan  

ONLY NPN "Grown-Junction" TRANSISTORS 
COVER THESE OPERATING RANGES . . • • 

• POWER GAINS AT OVER 3 MEGACYCLES 

• FIELD PROVEN PERFORMANCE 
FROM -50 C to + 85' C 

• HIGHER FREQUENCY RESPONSE 

IMMEDIATE DELIVERY ... Available in large quantities for mass produc-
tion applications. Uniform production assures a reliable source of supply. 

TIME PROVEN ... Germanium Products transistors are not a laboratory prototype, 

but time-tested superior types that have shown ruggedness and dependability over a 

long period in the field, under the most severe conditions. 

MORE VERSATILE ... Because of their stable characteristics, greater operational, 

higher frequency and temperature ranges, "Grown-Junction" transistors have been 

selected for the most difficult assignments. They have proved their reliability in a wide 

variety of tasks such as: instrumentation, telemetering, servo systems, computer circuits, 

timing pulses, d.c. and r.f. amplifiers, etc. Consult Federated's Engineering Service to 

find a quick solution to your particular transistor problem. 

TYPICAL CHARACTERISTICS 

RD2517 RD2520 RD2521 RD2525 
ALPHA .93 .98 .98 .995 

ALPHA CUT-OFF FREQUENCY 1.5 megacycles 3.0 megacycles 3.0 megacycles 5.0 megacycles 

COLLECTOR RESISTANCE .25 megohms 1 megohm 2 megohm 1 megohm 

MAXIMUM COLLECTOR VOLTAGE 30 volts 40 volts 50 volts 30 volts 

POWER RATINGS 50 mw 50 mw 100 mw 25 mw 

ederated 
SEMI-CONDUCTOR CO. 

EXCLUSIVE SALES AGENTS FOR GERMANIUM PRODUCTS CORP. 

66 Dey Streét, N. Y. 7, N. Y. DI-9-3050 Teletype: NY l-2859 (N.Y., N.Y.) 

911 S Grand Ave. 
• Los Angeles 15, Cal 

TRInity 1761 
Teletype: LA-572 

925 Northampton St 
Easton, Penna 
EAston 4259 

1115 HamIlton St 
Allentown, Penna. 
HEmlock 3-7441 
Teletype. AN-2^ 

114 Hudson St 
Newark 4 N 1 
MArket 3-9035 
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cuts assembly time and cost 

extremely small size 

low loss for UHF 

ACTUAL SIZE 

- -1 

Push in hole 

Lock with 
adjusting screw 

Polystyrene or duPont TEFLON insulated 

ÇÇ1))lientelec TYPE 535 

TUBULAR TRIMMER 
• Economical price, compact 
size, easy mounting—plus fea-
tures for UHF operation—are 
combined in Chemelec Type 
535 Tubular Trimmers. 

Simplicity of design is respon-
sible for very low inductance 
and uniform, straight line, 
noiseless adjustment. They may 
be mounted close to associated 
circuit elements. Ribbon type 
leads minimize inductance in 
UHF circuits. Polystyrene or 

UNITED 

STATES 

GASKET 

COMPANY 

Adjust capacitance 
from top at 

final test station 

duPont TEFLON keep elec-
trical losses to a minimum. 
Assembly is accomplished 

from only one side of chassis— 
another production cost feature. 
There is no danger of breakage 
as with ceramic trimmers. 
Capacity ranges from 0.5 to 

2.0mmf., (Teflon body), and 
0.7 to 3.0 (Polystyrene body). 
Working voltage is 500 volts. 
Write for information and 
samples. 

FLUOROCARBON 
PRODUCTS, INC., DIVISION 

CAMDEN 1 • NEW JERSEY 

Representatives in Principe I 

Cities Throughout the World 
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ANTENNAS ROTATORS CAPACITORS VIBRATORS 

$eopy./O•ITED TRADE //ARK OP C-0 IMPPEONATE! 

Nobody knows oil capacitors like C-D. It's generally acknowledged 
that "nobody can duplicate C-D's Dykanol capacitor.- You can count on the rug-
gedness and durability that have made C-D capacitors famous for 42 years and 
that is all too rare these days. Catalog No.400 will show you how broad the line is. 
Write for it to: Dept. M-93 Ccrnell-Dubilier Electric Corp., South Plainfield, N. J. 

CORNELL DUBILIER 
ill's largest manufacturers of capacitors 

CONVERTERS 

SOUTH PLAINFIELD, N. J. • NEW BEOTOPO, WORCESTER AND CAMBRIDGE, MASS. • PROVIDENCE, R. I • INDIANAPOLIS. IND. • TUQUAY SPRINGS, N. C. • SUBSIDIARY, THE R.',DIART CORP., CLVTELANO, O. 



Engineer checks variaple condenser in breadboard nodel 
prior to replacing it with Axed ceramic condenser. Speed of 
measurement .s a great set over bridge measurements which it 
may require dissipation actor balances and other tuning prior 
to indicating capacitan . 

SPECIFICATIONS 

Type 1612-A   $170.00 

Range: o to ao e if and o to 1200 ,Lwf 
inlhvo bands 

Ranges are ¿itched automatically 
asidial is rotated 

Accuracy: 0.ii megf below 10 ppf Low 
4(,¡ abrbre 10 pjaf Ç Range 

belpw 100 ¡lid t High 
abovN00 14sf Ç Range 

Frequency: i Mc *1 cAadjusted at factory 
(movable dust core peihiits 

frequency reaclbs‘ents) 

Dissipation Factor: 
Meter reading at resonance gives relative 

indication of less 

Inurnal Detector: 
1N34 crystal rectifier with microammeter 

indicates resonance 

Internal Power Supply: 
115 vo'ts, 50 to 60 cycles, 

a-c or d-c can be used 

Compactness: length 12— I- eight 65g — 
Depth 75i inches, overall. 

Weight is 12 pounds, 4 ounces 

for Every 

DEVELOPMENT ENGINEER 

The Type 1612-A Capacitance Meter is an extremely 
handy instrument for the rapid measurement of circuit 
capacitances up to 1200 144 This unit may be set up beside 
a development model and is ready whenever needed for 
measuring interstage capacitance, interelectrode and stray 

capacitance, and for checking mica and ceramje teintmer.sand other 
small condensers. It operates at 1 Mc, t›Icte very little back space 
and is completely self-contained. f 

\ 
Operation with the Capacitance Meter is very conveni t. 

The unknown is simply connected aess a precision variable capacitor 
whose value is then reduced uel resonance is re-established, as 
indicated by the panel meter./1 simple test jig will permit ra id 
production testing. / 

This inerument is highly recommende where 

of morys ve 

e i 
the accuracy and co ications 

e expe bridges 
is n9,b required. 

GENERAL RADIO Company 
275 Mossachusedts Av•nu•, Cambridg• 39, Massachusets, U. S. A. 

90 We., St HEM 'IOU • 920 S hfech•an A 1. • C.C.00 1000 N. Seward St LOS »MLLES 31 

A dmittance Meters* Coaxial Elements te Decade Capacitors 

Decade Inductors tt Decade Resistors te Distortion Meters 

Frequency Meters* Frequency Standards tr Geiger Counters 

Impedance Bridges te Modulation Meters te Oscillators 

Variacstr Light Meters te Megohmmeters tr Motor Controls 

Noise Meters te Null Detectors er Precision Capacitors 

Abu Generators tr Signal Generators* Vibration Meters er Stroboscopes* Wave Filters 

1111.-F Measuring Equipment te V-T Voltmeters tr Wave Analyzers tr Polariscopes 


