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THE STANDARD OF COMPARISON FOR OVER 20 YEARS 

HIGH FIDELITY 
TRANSFORMERS 
FROM STOCK... ITEMS BELOW AND 650 OTHERS IN OUR CATALOGUE B. 

LINEAR STANDARD serle 

Linear Standard units represent the acme 
from the standpoint of uniform frequency 
response, low wave form distortion, 
thorough shielding and dependability. LS 
units have a guaranteed response within 
ldb. from 20 to 20,000 cycles. 
Hum balanced coil structures and multi-
ple alloy shielding, where required, pro-
vide extremely low inductive pickup. 
These are the finest high fidelity tra 
formers in the world. 85 stock type 
from milliwatts to kilowatts. 

e 

TYPICAL UNITS 

LS-5> 
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fLS-43 
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LS-101( Shielded Input 
Multiple line (50, 200, 250, 500/600, etc.) 
to 50,000 ohms ... multiple shielded. 

LS-19 Plate to Two Grids 
Primary 15,000 ohms. 
Secondary 95,000 ohms C.T. 

LS-50 Plate to Line 
15,000 ohms to multiple line .. + 15 db. 
level. 

LS-63 P.P. Plates to Voice Coil 
Primary 10,000 C.T. and 6,000 C.T. suited 
to Williamson, MLF, ul..linear circuits. 
Secondary 1.2, 2.5, 5, 7.5, 10, 15, 20, 
30 ohms. 20 watts. • 

CASE LS-1 LS-2 LS-3 
Length 31/a" 4-7/16" 5-13/16" 
Width 25/e" 31/2" 5" 
Heignt 31/4 ' 4-3/16" 4-11/16" 
Unit Wt.3 lbs. 7.5 lbs. 15 lbs. 

HIPERMALLOY series 

This series provides virtually all the 
characteristics of the Linear Standard 
group in a more compact and lighter 
structure. The frequency response is 
within 1 db. from 30 to 20,000 cycles. 
Hipermalloy nickel iron cores and hum 
balanced core structures provide mini-
mum distortion and low hum pickup. In-
put transformers, maximum level + 10db. 
Circular terminal layout and top and 
bottom mounting. 

ULTRA COMPACT series 

UTC Ultra Compact audio units are small 
and light in weight, ideally suited to re-
mote amplifier and similar compact 
equipment. The frequency response is 
within 2 db. from 30 to 20,000 cycles. 
Hum balanced coil structure plus high 
conductivity die cast case provides good 
inductive shielding. Maximum operating 
level is +7db. Top and bottom mounting 
as well as circular terminal layout are 
used in this series as well as the ones 
described above. 

OUNCER series 

UTC Ouncer units are ideal for portable, 
concealed service, and similar applica-
tions. These units are extremely compact 

fully impregnated and sealed in a 
drawn housing. Most items provide fre-
quency response within 1 db. from 30 to 
20,000 cycles. Maximum operating level 
0 db. These units are also available in 
our stock P series which provide plug-in 
base. The 0-16 is a new line to grid trans-
former using two heavy gauge hip 
malloy shields for high hum shielding 

Ammunna. 

SPECIAL UNITS 
TO YOUR NEEDS 

If you manufacture high fidelity 
gear, send your specifications 

for prices. 
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HA-100X Shielded Input 
Multiple line to 60,000 ohm grid . . tri. 
alloy shielding for low hum pickup. 

HA•106 Plate to Two Grids 
15,000 ohms to 135,000 ohms in two sec-
tions .. + 12 db. level 

HA- 113 Plate to Line 
15,000 ohms to multiple line ... + 12 do. 
level ... 0 DC in primary. 

HA- 133 Plate (DC) to Line 
15,000 ohms to multiple line ... + 15 db. 
level... 8 Ma. DC in primary. 

A-10 Line to Grid 
Multiple line to 50.000 ohm grid. 

A-18 Plate to Two Grids 
15,000 ohms to 80,000 ohms, primary and 
secondary both split. 

A-20 Mixing Transformer 
Multiple line to multiple line for mixing 
mikes, lines, etc. 

A-26 P.P. Plates to Line 
30,000 ohms plate to plate, to multiple 
line. 

0-1 Line to Grid 
Primary 50, 200/250, 500,600 ohms to 
50,000 ohm grid. 

0-6 Plate to Two Grids 
15,000 ohms to 95,000 ohms C.T. 

0-9 Plate (DC) to Line 
Primary 15,000 ohms, Secondary 50, 
200/250, 500/600. 

0-14 50: 1 Line to Grid 
Primary 200 ohms, Secondary .5 megohm 
for mike or line to grid. 

Case H-1 H-2 
Leneh 23/8" 3-9/16" 
Width. 1-15216" 2-13/16" 
Height . 31/a" 31/2" 
Unit Weight 2 5 lbs. 

A CASE 
Length 
Width 
meignt 
Unit Weight 

OLINGER CASE 
Diameter 
Height 1-3/16" 
Unit Weight 1 oz. 

UNITED TRANSFORMER CO. 
150 Vorick Street, New York 13, N. Y. EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y. CABLES. "ARLAB" 



Calling All Radio Engineers 
To Your 1955 IRE Convention and Radio Engineering Show 

704 Exhibits at Kingsbridge Armory and Palace 

March 21-2 

1955 

New York Cit 

TECHNICAL SESSIONS 

IN 1955 

A complete program with ab-

stracts of papers is given in this 

issue. See the "Technical Ses-

sions- columns in the editorial 

section for data on history-

making meetings you cannot 

afford to miss. 

What to See at the Radio Engineering Show 

WHERE 
Exhibits in booths 1-100 are 
in Kingsbridge Palace, 350 
yards south of Kingsbridge 
Armory on Jerome Avenue. 
Follow the string of yellow 
lights. 

Booths 100-900 are in Kings-
bridge Armory. 

AGA Division, Elastic Stop Nut Corp. 
of America, 781 Airborne Ave. 

Showing a complete line of Agastat time relays 
and time delay switches with delay switches 
with delay period range -horn 0.1 second to ap-
proximately 15 minutes. all operating and fea-
turing new dial-head adjustment including 
operating demonstration of typical electronic 
industry application. 

Ace Engineering & Machine Co., Inc., 
501, 600, 601 Prcduction Rd. 

Exh,biting a unique cell type shielded enclo-
sure to show versatility of Ace design. Also 
displaying a solid galvanized sheet enclosure 
easily adapted to outside use. 

Acme Electronics Inc., 548, 550, 552 Com-
ponents Ave. 

See Aerovox Corn 

Acro Manufacturing Co., 404 Electron-
ics Ave. 

Animated display showing Acro Switch prin-
ciple. Also will feature several new switches 
including a heavy duty limit switch. Highlight 
will be demonstration of precision test meth-
ods. 

Acro Products Co., 38 Palace. 

Acrosonnd ultra- linear output transformers; 
Broad Band audio and supersonic transform-
ers; Pulse transformers; Magnetic amplifiers; 
Specialty Power Frequency units. Custom 
transformer design and production to commer-
cial and MIL specifications. 

Actioncraft Products, 878 Audio Ave. 

Exhibiting "PERMATAGS" the custom made 
split sleeve wire marker and a complete line 
of precision engraved dials, scales, and name-
plates and laminated schematic diagrams. 

Advance Electric & Relay Co., 759 Air-
borne Ave. 

Will display a wide variety of relays for many 
applications. New items are "TO," "SQ." "SO" 
and "MX" relays for varied industrial appli-
cations. 

Advance Electronics Co., Inc. 

787 Airborne Avenue 

Ultra precision phase meters with un-
usual features. Exclusive circuits give 
exceptional stability. Also, fixed and 
variable delay lines, various electronic 
counters. All used in leading research 

centers. 

(Continued on page 136.4) 
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IRE 
National Convention 

At both the Waldorf-Astoria (con-
vention headquarters) and Kingsbridge Armory, you'll 
attend what actually amounts to 22 conventions fused 
into one. Hundreds of scientific and engineering pa-
pers will be presented during the many technical 
sessions, a large number of which are organized by 
I R E professional groups. You'll meet with the indus-
try's leaders— enjoy the finest meeting and recrea-
tional facilities in New York_ 

Radio 
Engineering Show 

At the Kingsbridge Armory and 
Kingsbridge Palace, you'll walk through 
a vast panorama of over 700 exhibits, displaying the 
latest and the newest in radio-electronics. You'll talk 
shop with the industry's top manufacturers—enjoy 
the conveniences provided for you in the world's finest 

exhibition halls, easily reached by subway and special 
bus service. 

Admission by registration only. $ 1.00 for I R E mem-

bers, $3.00 for non-members. Social events priced 
extra. 

The Institute of Radio Engineers 
1 East 79 Street, New York 

7out of 70 
good reasons why 
you should attend 

the Radio 
Engineering Show 

Hear... 
vital research and engineering papers 
on computers, transistors, color TV, 
etc., subject-organized in 55 sessions. 

Watch... 
a computer balance a cane, making 

20 corrective moves a second — at the 
IRE Show. 

See... 
the exhibits of 69 components vital to 
successful Automaton. Or compare 
21 different types of Transistors— 
and other subminiature components. 

Check-up on... 
"1955 Instrumentation" shown on 
Instruments Avenue. Exhibit group-

ing helps you see more on the 
Avenues named. 

Audio • Broadcast • Radar 
Transistor • Television 

Radio • Components • Microwave 
Airborne • Production 

Circuits • Computer • Electronics 

Meet... 
all your friends. 39,302 attended IRE 
in 1954. 

.0........"'./ 1947 - 12,043 

1948 - 14,459 
1949 - 15,710 
1950 - 17,689 
1951 - 22.919 

1952 - 28,673 
1953 - 35,642 
1954 - 39,302 

Enloy... 
The Convention's Social Events. It is 
good to mingle with your industry 
friends at IRE. 

/A Get the facts... 
faster and easier at exhibits and ses-
sions than you could from weeks of 
your own "digging." 

*Send for the 1954 Directory of 604 
Exhibitors and list of 100 new 
exhibitors. 
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A SNAP FOR WIRING BOARD ASSEMBLIES 

NEW Sprague Type 28D 
Push-lok* Electrolytic Capacitors 

Give Fast, Fool- Proof Mounting 

HERE'S THE BEST APPROACH yet to elec-
trolytic capacitors for printed wiring board 
assemblies. 

It's Sprague's new Type 28D Push-Lok Elec-
trolytic. Just insert the connecting lugs through 
the slots in the wiring board, and the capacitor 
is held securely in place until the chassis is ready 
for dip soldering ... so securely that solder gaps 
are eliminated. Spring action of the Push-Lok 
lugs is strong enough to hold relatively heavy 
capacitors in place, even when the board is 
carried sideways, or upside-down on a conveyor. 
Tab connections are always in close contact with 
the printed conductors.Yet, unlike other designs, 
no secondary operations are required for this 
fast and secure mounting. 

Other advantages include: 
Fool-Proof Positioning—A Push-Lok can only 

be inserted the right way. A wide index terminal 
is provided in the mounting ring to index the 
assembly on the chassis or other surface if desired. 

/he Ability to Print Wiring Boards on Both Sides— 
Shoulders on the Push-Lok lugs plus additional 
prongs keep the capacitors clear of the chassis. 

Safety—Circular shield conforms with sug-
gestions of Underwriters' Laboratories, Inc. 
Tools cannot be inserted easily between the 
bottom of the capacitor and the chassis. 

FOR COMPLETE INFORMATION on these new Type 
28D Push-Lok electrolytic capacitors, write for 
Engineering Bulletin to Sprague Electric CO., 
235 Marshall Street, North Adams, Massachusetts. 

•Push-Lok it a Trademark of the Sprague Electric Company 

Sprague, on request, will provide you with com-
plete application engineering service for optimum 
results in the use of electrolytic capacitors. 

WORLD'S LARGEST 
CAPACITOR MANUFACTURER 

Export for the Americas: Sprague Electric International Ltd., North Adams, Mass. CABLE: SPREXINT 

SEE LIS AT THE I.R.E. SHOW-247-249 Instruments Avenue 
PROCEEDINGS OF THE I.R.E. March, 1955 :3 \ 
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How your telephone call 

asks directions.., and 

gets quick answers 

Perforated steel cards, which give directions to the Long Distance dial telephone system, 

are easy to keep up to date. New information is clipped ( 1) and punched (2) by hand on 

a cardboard template. This guides the punch-press that perforates a steel card (3), and 

the two are checked (4). The new card is put into service in the card translator (5). 

3 
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When the Bell System's latest dial equipment receives orders to 
connect your telephone with another in a distant city, it must find— 
quickly and automatically—the best route. 

Route information is supplied in code—as holes punched on 
steel cards. When a call comes in, the dial system selects the appro-
priate card, then reads it by means of light beams and photo-
transistors. Should the preferred route be in use the system looks 
up an alternate route. 

It is a simple matter to keep thousands of cards up to date when 
new switching points are added or routing patterns are changed 
to improve service. New cards are quickly and easily punched 
with the latest information to replace out-of-date cards. 

This efficient, flexible way of keeping your dial system up to the 
minute was devised by switching engineers of Bell Telephone Lab-
oratories, who are continually searching for ways to improve service 
and to lower costs. Right now most of the Long Distance dialing 
is done by operators, but research is hastening the day when you 
will be able to dial directly to other telephones all over the nation. 

BELL TELEPHONE LABORATORIES 

Improving telephone service for America provides careers for 

creative men in scientific and technical fields. 

. llllllll e-_-. 
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Jetec No. TYPE Forward Drop 
@ 200 MA 

REVERSE VOLTAGE 
VOLTS 

400 300 200 10 

TYPICAL 
VALUE 

imereekteeetedee. 
SILICON 'WM? 

RECTIFIERS 
AVAILABLE FOR THE FIRST TIME 

IN PRODUCTION QUANTITIES 
ç, eeN Elecee 

ct-"ç.  
d.à ar 

el l 

'C 189t ' 

* These units are ideally suited for aircraft and guided 
missile requirements. Other typical applications that 

can benefit from their superior characteristics are 

power rectifiers in commercial equipment, magnetic 
amplifiers, clipping, meter protection and counter cir-
cuits. Anxiety over temperatures is completely elimi-
nated when they are used in digital computers. Automa-

tion and control engineering suggest additional fields. 

Pee " Iteistee 

1. Rectification Efficiency Over 99% 

2. Forward Voltage Drops Averaging 1.5 Volts at 200 MA 
3. Peak Inverse Voltages to 1,000 Volts 
4. Operates Continuously up to 200°C. 
5. Leakage CLrrent as Low as 10-10 amperes 
6. Rectification Ratios as High as 10° 

7. Practically Flat Zener Characteristics 

TYPICAL 

VALUE 

1 0 20 30 
FORWARD VOLTAGE 

VOLTS 

STATIC FE 
CHARACTERISTICS 

TYPE 2 SJ 20 
JETEC NO. IN318 

Forward Current 
Continuous 

Power Current 
Peak 

Peak Inverse 

IN 316 

IN 317 

IN 318 
IN 319 

IN 320 

25J5 

25.110 

25.120 

25.130 

25.150 

2V Max 

2V Max 

2V Max 

2V Max 

2V Max 

200 MA 

200 MA 

200 MA 

200 MA 

200 MA 

2A 

2A 

2A 

2A 

2A 

50V 

100V 

200V 

350V 

500V 

Units with peak inverse rating of 850 volts available in sample quantities 

eleetereeeteilled: 

1. HIGHEST EFFICIENCY 

2. HIGH CURRENT 

3. HIGH VOLTAGE 

4. HIGH AMBIENT OPERATION 

5. HERMETICALLY SEALED 

6. SMALL IN SIZE 

7. LIGHT IN WEIGHT 

8. RUGGED— ALL WELDED 

9. LOW FORWARD DROP 

10. LOW LEAKAGE 

Write for fully illustrated and 
informative Bulletin SR- 18-3 

BOGUE ELECTRIC 
MANUFACTURING COMPANY 

PATERSON 3, NEW JERSEY 

PROCEEDINGS OF THE I.R.E. March, 1955 



Be there faster... 
arrive fresh and relaxed! 

FLY UNITED 
to the annual convention of 

THE INSTITUTE OF 
RADIO ENGINEERS 

New York City, March 21-24 

Take advantage of United's fast, dependable Mainliner flights 

direct to New York. You can take your choice of service: either 

luxurious First Class flights with delicious meals aloft, or thrifty 

Air Coach Mainliner flights with exclusive 2-abreast seating 

comfort. A round trip discount is offered on all First Class flights. 

Also, ask about the economical half-fare family plan. 

Convenient day or night, 'round the clock schedules to 80 

U. S. cities coast-to-coast! For expert trip planning and reserva-

tion assistance, call your nearest United office or authorized 

travel agent. 

There's a difference 

when you travel in the 

Mainliner manner 

Meetings milli E‘hibils 

• As a service both to Members and the 

industry, we will endeavor to record in 

this column each month those meetings of 

IRE, its sections and professional groups 

which include exhibits. 

a 

March 21-24, 1955 
Radio Engineering Show and I.R.E. 
National Convention, Kingsbridge 
Armory and Kingsbridge Palace, 
N.Y.C. 

Exhibits: Mr. William C. Copp, Institute 
of Radio Engineers, 1475 Broadway, 
New York 36, N.Y. 

April 15-16, 1955 
Ninth Annual Spring Technical Con-

ference, Cincinnati Section, IRE, 
Engineering Society of Cincinnati 
Bldg., Cincinnati, Ohio 

Exhibits: Mr. Clyde G. Haehnle, Crosley 
Broadcasting Corp., 140 West Ninth 
St., Cincinnati 2, Olio 

April 27-29, 1955 
Seventh Regional Technical Confer-
ence & Trade Show, Hotel Westward 
Ho, Phoenix, Ariz. 

Exhibits: Mr. George McClarathan, 509 
East San Juan Cove, Phoenix, Ariz. 

May 9-11, 1955 
National Conference on Aeronautical 

Electronics, Biltmore Hotel, Dayton, 
Ohio. 

Exhibits: Mr. William Klein, 1472 Earl-
ham Drive, Dayton, Ohio 

May 18-20, 1955 
National Telemetering Conference, 

Morrison Hotel. Chicago, Ill. 
Exhibits: Mr. Kipling Adams, General 

Radio Company, 920 S. Michigan Ave., 
Chicago, Ill. 

June 2-3, 1955 
I.R.E. Materials Symposium, Conven-

tion Hall, Philadelphia, Pa. 
Exhibits: Mr. Merritt A. Rudner, United 

States Gasket Co., 611 North Tenth 
St., Camden 1, N.J. 

Aug. 24-26, 1955 
Western Electronic Show & Conven-

tion, Civic Auditorium, San Francisco, 

Exhibits: Mr. Mal Mobley, 344 N. La-
Brea, Los Angeles 36, Calif. 

Sept. 12-16, 1955 
Tenth Annual Instrument Confer-
ence & Exhibit.. Shrine Exposition 
Hall & Auditorium, Los Angeles, Calif. 

Exhibits: Mr. Fred J. Tabery, 3443 So. 
Hill St., Los Angeles 7, Calif. 

Note on Professional Group Meetings: Some 
of the Professional Groups conduct 
meetings at which there are exhibits. 
Working committeemen on these groups 
are asked to send advance data to this 
column for publicity information. You 
may address these notices to the Ad-
vertising Department, and of course 
listings are free to IRE Professional 
Groups. 
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14 MAPLE AVENUE PINE BROOK, N. J. 

• Continuously Tunable Thru 

Video VHF and UHF Frequencies, 

SOKC-950h1C Range 

• Sweep Widths to 40 MC 

• Single Dial Tuning 

Used with a standard cathode ray oscilloscope, 
the Kay Calibrated Mega-Swap will display the 
response characteristic of wide band circuits over 
the frequency range of approximately 50 kc to 
950 mc. It features a calibrated dial indication 
of the approximate output frequency. The cen-
ter frequency of the sweeping output voltage 
may thus be set to an accuracy of about 10%. 
The calibrated dllega-Swap is the ideal instru-
ment for use in alignment of amplifiers and fil-
ters ... also as an FM source of wide range for 
instructional and lab purposes. 

SPECIFICATIONS 

Freq. Ranges 50 kc to 1000 mc. 
Freq. Sweep: Sawtooth, adjustable to 40 mc. 

Repetition rate, 50 to 100 c/s. 

RF Output: High, approx. 100 mv max. into open 
circuit. Low, 5 mv into open circuit. 

RF Output Control: Microwave attenuator con-
tinuously variable to 26 db. 

Output Waveform: Less than 5% harmonic dis-
tortion at max. output. 

Meter: Provides crystal detector current for peak 
output. 

Regulated Power Supply: 105-125 v., 50 to 60 
cps. Power Input, 100 watts. 

Send for Catalog 110-A 

$495 f.o.b. factory 

KAY ELECTRIC COMPANY Dept' 
1-3 

EMW 
CALIBRATED 

Mega-Sweep 

-1MW 
SWEEPING OSCILLATORS 

for every application 

KAY 

,/llega-Sweep 

Widest range of the Kay line of sweeping 
oscillators. Provides continuous frequency 
coverage up through UHF-TV bands — 
50 kc to 1000 mc. Widely used in radar 

system development and in alignment and testing of TV 
and FM systems and components, as well as wide band IF 
and RF amplifiers and filters. Freq. range, 10 mc to 950 
mc. Write for Catalog 100-A. Price, $465 f.o.b. factory. 

-;31111111•11111111111116w.1 

KAY 

111-A CALIBRATED 

dllega-Sweep 

Higher output model calibrated „Mega-Sweep, with zero 
level baseline. Higher output facilitates frequency response 
testing of UHF converters or tuners. Wider sweep width 
permits multi-channel response viewing. Zero level base-
line is convenient means of measuring gain of test circuit. 

SPECIFICATIONS 
Frequency Range Output Impedance 

1. 10 inc-950 mc 70 ohms unbalanced 

2. 450 mc-900 mc 300 ohms balanced 

Sweep Width: Continuously variable to approx. 40 mc max. 

Write for Catalog 111-A Price, $575 f.o.b. factory 

KAY 112-A CALIBRATED j4tya—Sweep 
Same as 111-A, except total frequency range is 800 mc to 
1200 mc. Catalog 112-A. Price, $575 f.o.b. factory. 

Output Voltage 

(Into Load) 

0.15 Volts 

0.3 Volts 

PROCEEDINGS OF THE 1.R.E. March, 1955 
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WAVEGUIDE BEND . 557 

WAVEGUIDE BEND . 556 

MAGIC "T" TUNER - P559 

FREQUENCY METER ;,P518 

CIRCULAR WAVE GUIDE BEND .P600 

MAGNETRON . 5789 

LOW POWER TERMINATION . P540A 

WAVEGUIDE 9Sr TWIST SSE 

PLANNING MILLIMETER WAVE OPERATIONS? 

STANDING WAVE DETECTOR ' 1022 

BALANCED MIXER - P1026 

If you are working in the millimeter region — 
or are exploring it -- you may be able to save 
considerable design and production time by ac-
quainting yourself with our extensive experience, 
facilities and products in this field. 

Available to you right now are over 40 items — 
components and test equipment -- ready for you 
to incorporate in your designs and benches. Com-
ponents for use in the 35 kmcs. band incIude slotted 
lines, frequency meters, loads and a spectrum 
analyzer adapter. If you are working with high 
resolution radar systems, we can furnish the Iong-
life 40 KW 5789 magnetron, the 1N53 diode, com-
plete duplexers, balanced mixers, echo boxes and 
many other components such as bends and transi-
tions for operating circular wave guide in the low 
attenuation TE0, mode. 

SEND FOR DATA Write for detailed specifications and 
catalog literature describing our millimeter components, 
magnetrons, IR and ATR tubes and silicon diodes. 

If you have an interest in the millimeter waves, we 
would be pleased to give you the benefit of our ex-
perience to help you plan your operations in this region. 
MICROWAVE ASSOCIATES, INC., 22 Cummington 
Street, Boston 15, Mass., Telephone COpley 7-4441. 

MICROWAVE 
nssociates INCORPORATED 

WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE I.R.E. March, 1955 



SCINTILLA 
DIVIÇION 

Sidney, N. Y. 

PIONEER-CEN—RAL 

Davenport, la, 

RADIO ENGINEERING SHOW 
of the 1955 

R.E. NATIONAL CONVENTION 
Mar-...h 21-24, 1955, Kingshridge Armory 

Booth Nos. 128, 130, 132, 134, 136, 138, 140 

RED BANK 
ntvimiv 

Eatontown, N. J. 

11111111111111.B1E1NDIX1 RADiu 

DIVISIO" 
Baltimore, Md. 

ECLIPSE- PIONEER 

DIVISION, 
Teterboro, N. J. 

The Bendix Divisions exhibiting at the 1955 Radio Engineering Show 
of the I.R.E. National Convention will be happy to discuss how they 

may apply their knowledge and experience to your specific problems. 

CINCINNATI 

CIVISION, 
Cincinnati, Ohio 

PecIFIC 
DIVISION, 

North Hollywood, Calif. 

11 - 1•TIOM CORIOR•1101, 

PROCEEDINGS OF TIIE I.R.E. March, 19.55 
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for pig product 

whether it PLAYS or COMPUTES 

RF TRANSISTORS 
RADIO APPLICATION 

Raytheon RF Transistors create a whole new 

concept of portable radio convenience, 

performance and economy — portable radios 
that run for 500 hours on ordinary, low cost 

universally available flashlight batteries, 
and that really outperform most tube portables. 

CK760 CK761 CK762 

Gain in db at 455 Kc. 32 
Gain in db at 2000 Kc. 

33 33 

18 20 22 

Alpha frequency cutoff (megacycles) 

Collector capacitance (gµfd) 

Extrinsic base resistance (max. ohms) 

RAYTHEON T 

COMPUTER APPLICATION 

Raytheon RF Transistors combine high alpha 
cutoff, fast rise time, the desired dissipation 

and voltage ratings and excellent base 

current amplification. They mark a milestone 

in computer development, design and progress. 

CK760 CK761 «762 

Rise time ( µsecs) 0.05 0.04 
Decay time ( jusecs) 0.06 0.05 

(measured in circuit which will be supplied on request) 

CK760 CK761 CK762 

5 
15 

10 

15 

125 125 

everai times in 

20 
15 

125 

0.02 
0.03 

COME IN AND TALK OVER THESE TRANSISTORS WITH US AT THE I.R.E. SHOW 
WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDING_S OF THE I.R.F. March, 1955 



SUPERIOR 

ELECTRICAL 

RATINGS 

SPECIALLY SELECTED 

FOR 

SPECIAL SERVICES 

YOU GET THESE 

when you specifj. these 

SILICON DIODES 
Charted here are some of the performance 

characteristics and features of four of these Silicon 
Diodes. Other characteristics can be supplied to 

your requirements. Other Raytheon Silicon, 
Gold Bonded Germanium and Point Contact 
Germanium Diodes are available. Complete 

data is yours for the asking. 

HERMETICALLY 

SEALED 

IMPORTANT ADVANTAGES 
4.0 8.0 mSeCS 

6 ma (61() 

12 ma ( 3/i 

Oscillogram of reverse transient response of 14301 at 75°C 
when switcbed from 30 ma forward current to —35 volts. 
Note less than 3 osecs recover/ to full back resistance 

M
E
I
!
L
i
1
:
1
L
I
I
=
1
1
U
 

200 

150 

100 

so 

o 

„ 
MAXIMUM POWER RATING 

/ORSUS AMBIENT TEMPERATURE - 
TYPE IN300-1N303 

25 50 75 100 125 150 
AMBIENT TEMPERATURE (°C) 

RATINGS AT 25"C AMBIENT 
RATINGS AT 

100 C AMBIENT 

M.nirnum Maximum Minimum Maximum Maximum M. ximurn Ma limo., Ma ximum 
Dioder Forward Continuouu Zener Reverse Maximum Averag• Reverse Average Av•rage Shown Type Current Reverse Voltage Current Average Forward Carrent Dissipa- Forward Actual @ -I-1.0 volt Voltage ( , 100A) (: — 10V Dissipation Current .n. — 10V Clon Current Sise (ne) (Volts) Volts (A) (mW) .rnA) :.R) (mW) (mA) 

8.0 1: 15 0.001 130 40 0.01 20 13 

3.0 60 70 0.01 130 33 0.2 20 12 

.ile 

3.0 113 125 3.01 130 30 0.2 20 10 

/ 

1.3 215 225 0.01 130 23 0.2 20 8 

RAYTH EON 
HEON MANUFACTURING COM . NY 

.s.,. *low 4. ....• e...//.... .... é/ . 
For oprAicot on information *vie, or con the Horne Office or: 4935 West Fullerton Avenue, Chicago 39, Illinois,. NAtionol 2-2770 

589 Fifth Avenue, New Yet New York, Flo - Lo Brea Ave., Los Angeles 36, California, WEbster 8-2851 
RAs'THEON MAKES 

EllAllE um/min IND MIN 'Mlle TIRED • MIME Tilts • HCF11111111 INN PICTURE THE . 

COME IN AND TALK OVER THESE DIODES WITH US AT THE I.R.E. SHOW 
PROCEEDINGS OF THE I.R.1:. March, 1955 



90 

80 

HIGH ATTENUATION • CONTINUOUS DUTY • HERMETICALLY SEALED 

SCREEN ROOM FILTERS 

FILTRON TYPE FSR-502 

500 VAC/DC 
100 AMPS 

Frequency Range ION to 15,000 MC 

FILTRON TYPE FSR-104 
600 VDC/250 VAC 

100 AMPS 
0-400 CYCLES 

OVER 100 DB THROUGH 
.é.. 
ENTIRE FREQUENCY RANGE 

I MI I I I 1 III 
ATTENUATION CHARACTERISTICS 

— 
- 

FILTRON 
-I 

SCREEN ROOM FILTER FSR-104 

MEASURED IN A son SYSTEM 
PER MIL-STD-220 
.111 

100 KC 

• JUSf OFF THE PRESS— Write for your copy " 

RADIO INTERFERENCE FILTER CATALOG 

This 20 page catalog contains valuable data on 
FILTRON RADIO INTERFERENCE FILTERS for 
SCREEN ROOMS, INDUCTION HEATING EQUIP-
MENT, DIATHERMY SETS, X-RAY UNITS and 
other electrical interference-producing equip-
ment. Included are illustrated installation rec-
ommendations, essential information on 

applications, attenuation 
characteristics and me-
chanical dimensions . . . 
Your copy gladly sent free 

upon request. 

SALES REPRESENTATIVES 

m•orst 

FILTERED 
by -RUMMY,-

FREQUENCY 1000 MC 

Screen room manufacturers specify and install FILTRON Screen Room Filters as 

standard equipment. 

FILTRON Screen Room Filters are used in the majority of industrial, government 

and military screen rooms, to meet the requirements of specification MIL-S-4957, 

and wherever critical RF measurements are required. 

FILTRON has over 40 types of Screen Room Filters available, ranging from 1 Amp 

to 1000 Amps, 28 VDC to 500 Volt AC/DC, 0 to 1000 cycles. Complete technical 

information available. 

FILTRON RF Interference Filters are also specified in the latest types of Radar, 

Radio Transmitters, Receivers, Motor Generator Sets, Inverters, Aircraft, Electronic 

Systems, and numerous other "restricted" equipments. 

When you have an RF Interference Filter problem, consult FILTRON — the most 

dependable name in RF Interference Filters. 

G. S. Marshall Co., Pasadena, Cal. Holliday-Hathaway, Cambridge, Moss., Canaan, Conn. 
Roy J. Magnuson, Chicago, III. Soles Offices at New York N. Y., Great Neck, N. Y. 
Massey Associates, Inc., Norbeth, Po., Rochester, N. Y., Binghamton, N. Y. 

Woshingon, D. C. Wood Ridge, N. J. 

An inquiry on your company letterhead will receive prompt attention. 

CO., INC. • FLUSHING, LONG ISLAND, NEW YORK 

LARGEST EXCLUSIVE MANUFACTURERS OF RF INTERFERENCE FILTERS 

Visit our booth 649 Circuits Avenue at the Rodio Engineering Show 
\\ilk\ \\-1;111\i, .\ IJ\ I 1:11>1"1:", \ > I \II \ 11(1\ t,/. /: / March, 1955 



RESISTORS have BALANCED 
THERMAL EXPANSION! 

/92J - / f.55 

High-quality resistors 

for your it jobs! 

When you want a resistor that will stand 
up under high temperatures, specify 
Ohmite Brown Devils. They have been 
carefully designed to provide "balanced 
thermal expansion." All parts—core. 
resistance wire, vitreous enamel coating, 
and terminal band—have a thermal 
expansion that has been carefully matched. 
As a consequence, " Brown Devil" resist-
ors expand and contract as a unit. This 
eliminates cracking of the enamel, keeps 
terminals firmly anchored, and prevents 
the entrance of moisture. 

For many years, these superior Ohmite 
resistors have proved their reliability 
under the toughest service. Specify them 
on your next job. 

od% 

PATENTED WELDED 

TERMINALS 

Ohmite welded terminals provide 
a perfect and permanently stable 
electrical connection that is un-
affected by vibration or high 
temperature. 

HIGH TEMPERATURE 

STEATITE CORE 

2 ) This strong, rugged steatite cote 
hos excellent electrical character-
istics, and a coefficient of thermal 
expansion that matches the other 
resistor materials. 

15Er:CLUSIVE 
HIGH TEMPERATURE 

VITREOUS ENAMEL 

is special-tormula enamel was 
developed by Ohn-ite after exten-
sive research. Its thermal expan-
sion is prbperly related to that of 
the steat.te core, terminal, and 

I resistance wire, 

e RHEOSTATS 
RESISTORS Ir Lui TAP SWITCHES 

OHMITI MANUFACTURING COMPANY, 3617 Howard Street, Skokie, Illinois ( SubJrb of Chicago) 



STANDARD SIGNAL GENERATOR MODEL 65-B 

75 Kc — 30 Mc. 
te, 100% 

400 cycles or 1000 cycles 
External trod., 50-10,000 cycles 

STANDARD SIGN-AL GENERATOR MODEL 78 
FREQUENCY RANGE OUTPUT RANGE MODULATION 

- - 5-25 Mc mc 195.223 Mc, I AM. 8200 400 cycles 
I  15.25 Mc., 90-125 Mc. to100,000 625-400 cycles 

Other ranges on order microvo lts Fixed at opproximately 30% 

STANDARD SIGNAL GENERATOR MODEL 78- FM 
FREQUENCY RANGE I OUTPUT RANGE MODULATION 

I 1 to 100,00() 
microvolts 

STANDARD SIGNAL GENERATOR MODEL 80 

86 Mc.— I08 Mc. 

D' - oto, 0.3)0 Kt. 2 ranges 
FM. 400.8200 cycles 

Ex4ernal mod. to 15 Ke 

FREQUENCY RANGE OUTPUT RANGE MODULATION 

2 Mc- 400 e, 

STANDARD SIGNAL GENERATOR MODEL 82 
FREQUENCY RANGE OUTPUT RANGE MODULATION 

C-50 Ko' ,, . ,, Knuou,1)..or,oble 0-50% 
0.1 microeolt to 1 volt I'om 20 cycles to 20 Ku_ 

STANDARD SIGNAL GENERATOR MODEL 84 
FREQUENCY RANGE OUTPUT RANGE MODULATION 

10%. 400,1000, or 2500 
,. irterrml pulse modulator. 

• ' anal mod., 50-30,000 cycles. 

STANDARD SIGNAL GENERATOR MODEL 84-TV 
FREQUENCY RANGE OUTPUT RANGE 

v,r 

1,C,1 

MODULATION 

Cartinuously vorioble 0 to 30'0 
E.te.nal modulotion 'o 

20,000 cycles 

STANDARD SIGNAL GENERATOR MODEL 90 
FREQUENCY RANGE OUTPUT RANGE MODULATION 

--250 Mc. 
••••c•csa3 , 
'1 saa 

co ,10b ,P, 0 to 100% 

",,, ,,, c1,1 , ochtoKon 30 cycles 

PULSE GENERATOR MODEL 79-8 
FREQUENCY RANGE PULSE WIDTH OUTPUT 

K np ,c 15C, v. positive wia, respect 
to wound -Sync Output :45 v. 

,,, pocos.' w•th respect •o around. 

SQUARE WAVE GENERATOR MODEL 71 
FREQUENCY RANGE 

Continuously variable 
6 to 100,000 rude' 

WAVE SHAPE 

Rise time less than 0 2 
rwcroseconds with 

ove,sh,ot 

OUTPUT 

Step ottenuator• 75, 50, 25, IS, 
10, 5 peck volts fised cod 0 to 
2 5 volts continuously variable. 

VACUUM TUBE VOLTMETERS 

VOLTAGE RANGE 

0.1, 0.3, 0.30 and 
0-100 volts AC or DC 

MODEL 62 

FREQUENCY RANGE 

30 cycles to g 
Over 150 Mc. 

INPUT IMPEDANCE 

APoroximaely 7 mrsId 

MODEL 67 
.—.....,—, — ."--....- —........--

VOLTAGE RANGE t FREOUENCY RANGE t INPUT IMPEDANCE 
.................— .....— ........ .. 

.0005 to 300 volts 1 5 to 100,000 sine•wove ; 1 eegohns shunted by 
peale-tapeok g cycles per second I 30 'mad. 

1 

250 En-1000 Mc. 0.002% 

MODEL Ill - 8 

STANDARD 

SIGNAL 

GENERATOR 

MODEL 80 

CRYSTAL 

CALIBRATOR 

MODEL 111 

MEGACYCLE 

METER 

MODEL 59 

V.11. F. FIELD STRENGTH METER MODEL 58 
FREOUENCY RANGE INPUT VOLTAGE RAND E 

I 'a 100,000 microvolts in antennc. 1 -to ICO microvolts on 
15 Mu ro 15' 0.c. output meter, bolonced resistance anent, 

rio a 10, 100 c,c1100C' uhe,d of rub, 

1NTERMODULATION METER MODEL 31 
INTERMGOULATION RANGE FREOUENCIES CYCLES ANALYZER ' NPUT VOLTAGES 

3%,10% and 30% I 
scale 

LF 60 cps Full stole ranges of 
HF 0000 CO 3.10, 40 volts EMS 

MEGACYCLE METERS MODELS 59 LF-59-59UHF 
FREWJENCY RANGE FREQUENCY ACCURACY , MODULATION •--
0.1 Mc. to 4.5 Mc. 
2.2 FAc. to 400 Mc, 1 
430 mc. to 940 Mc. 

Within A 2% 
11 CW 0- 120 cycles Axed at 
.1 approxiwately 30%. Provision 

far eAternal modulation 

CRYSTAL CALIBRATORS 
MODEL 111 

FREQUENCY RANGE FREQUENCY ACCURACY HARMONIC RANGE 

.25 Mc. Oscil ° tar, . 25-450 Mc. 
I Mc. (jell ator, 1-600 Mc. 

10 Mc, Osci ,ator: 10-1000 Mc. 

FREQUENCY RANGE FREQUENCY ACCURACY HARMONIC RANGE 
- 

10) Kc.-1000 Mc. 0 002% 

-,1 
1 Mc. OscilIctori I — 450 Mc. 
1 Mu, Ostillc top I — 600 Mc. 

/ 10 Mc. Oscill, top 10-1000 Mc. 
1 

MEASUREMENTS CORPORATION 
BOONTON NEW JERSEY 

11A WHEN WRITING TO ADVERTISERS I'l.E.\SE MENTION— PROCEEPING.S' OP TIIE I.R.E. March, 1955 



BELL SYSTEM'S 

NEWEST 

TELEPHONE 

DEVELOPMENTS 

RAYTH Ea 

¡lamentar 
subminiature 

tubes 

The Bell System's new telephone answering set 

and new telephone for "hands-free" and con-

ference use naturally require tubes of the utmost 

reliability. Raytheon Filamentary Subminiature 

Tubes qualified only after undergoing a long series 

of exacting tests by both Bell and Raytheon. 

Low microphonics, low power requirements, 

high efficiency, long life and, above all, supreme 

reliability characterize the Raytheon Tubes in these 

newest telephone developments. 

It will pay you to find out what Raytheon Fila-

mentary Subminiatures can do to better the per-

formance, convenience and economy of your elec-
tronic equipment. 

trredeliffeetteed tft éVt9040,84CH'--

TELEPHONE ANSWERING. When you aren't there, the automatic telephone 
answering set takes over, aelivers previously dictated message in your voice, 
records caller's reply and plays it back to you at your convenience. 

than ts,talking,on the 

"HANDS-FREE" TALKING. Telephone set base 
has a built-in microphone — you talk without 
picking up handset. Tiny desk speaker amplifies 
the distant voice so that several persons in a 
group can listen to the conversation. For privacy, 
you lift the receiver, automatically shutting off 
the microphone and speaker. Small omplifler, not 
visible in the picture, furnishes power. 

advantages: 

Glass heated only once — no button, 
low glass strain, no lead burning 

Reentrant seal eliminates breakage 
from short bends 

Leads completely tinned right to glass 

Flat press with in-line leads for easier 
socketing, easier wiring, adaptability 
to printed circuits 

RAYTHEON FLAT PRESS Subminiature Tubes are the 

tubes with the SEA! OF RELIABILITY — the longer 

glass to metal seal that gives you these impor'ant 

Reliable, long-lived Raytheon Subminiature Tubes in these Bell equipments, illus-
trated above, were tested for dependable, trouble-free service over long periods. 

AYTH EON MANUFACTURING ÇOMPAN 
vine e Division — Home Office: SS Chapel St., Newton 59, Moss. Blgekow 4-7558 

Fcr applicalion information write or cad the Home Office or: 4935 West Fullerton Avenue, Chicago 39, Inman. htAtional 2-2770 

589 Ffth Aveme, New York 17, New York, Flout 9-3900 • 622 South La Brea Ave., los Angeles 36, California, WEbster 8-28! I 

IFIEON 
iiikalierMitényle Mete 

COME IN AND TALK OVER THESE TUBES WITH US AT THE IRE SHOW 
PROCEEDINGS OF TFIE I.R.E. March, 1955 

SISTORS • NUCLEONIC TUBES • NICR3WAVE UBEI • RECEIVING MOO WORE TUBES 



CAPACITORS by General Electric 

MICRO-MINIATURE 

For low voltage d-c miniaturized electronic 
equipment (hearing aids, walkie-talkies, 
paging systems). Ideal for transistorized 
assemblies. Ratings 1-8 uf at 4 v. d-c, 1 uf 
at 8 v. d-c, 0.5 uf at 16 v. d-c. Tolerance —0 
to + 200%. Temp. range —20 to +50° C. 
BULLETIN GEA-6065. 

PERMAFIL-IMPREGNATED 

Designed to meet requirements of MIL-C-
25A, characteristic K specifications, and are 
suitable for high-temperature operation. 
Ratings 0.05 —1 uf at 400 v. d-c. Tolerance 
*10%. Temp. ronge —55 to + 125° C. 
BULLETIN GEC-811. 

ENERGY STORAGE 

For use in high magnetic fields and high 
intensity arc discharge. Ratings: may be 
built as high as 2000 joules (watt-seconds). 
Tolerance * 10%. BULLETIN GEA-4646. 

TANTALYTIC* 

For electronic equipment requiring small 
size, law leakage current, long shelf life, 
wide temperature range. Plain or etched 
foil, and polar or non-polar types, suitable 
for a-c or d- c. Ratings 0.25 —580 uf, 3.75 — 
150 v. Tolerance 20% (plain foil), — 15 to 
+75% (etched). Temp. range — 55 to 
+85° C. BULLETIN GEC-808. 

STANDARD COMMERCIAL 

For motors, filters, communication equip-
ment, luminous-tube transformers, indus-
trial control. Ratings dual rated units (a c or 
d-c) rated at 0.01 — 50 uf, at 236-660 v. a-c, 
400-1500 v. d-c. Single rated units also 
available. Tolerance 10%. Temp. range 
—55 to +85° C. BULLETIN GEC-809. 

NETWORK 

For guided missiles, aircraft, radar equip-
ment. Ratings: built to user specifications. 
Temp. range —55 to + 125° C, or to user 
specifications. BULLETIN GEA-4996. 

NOTE All capacitance tolerances are given at +25° C. 

Progress Is Our Most Important Product 

GENERAL E LE CT R IC 

METAL-CLAD TUBULAR 

For d-c uses where reliability under severe 
operating conditions is required (military 
electronic equipment). Ratings 0.001 — 1 uf 
at 100, 200, 300, 400 and 600 working v. d-c. 
(Can be applied to a-c circuits with adequate 
derating.) Tolerances or * 20%. 
Temp. range —55 to -1-125° C. BULLETIN 
GEC-987. 

DRAWN-OVAL 

For air conditioning and refrigeration equip-
ment, fluorescent lamp ballasts, business 
machines, voltage stabilizers. Single, dual 
or triple-section types. Ratings 1 — 20 uf at 
236-660 v. a-c, and 1-15 uf at 600-1500 v. 
d-c. Tolerance * 10%. Temp. range —30 to 
+70° C. BULLETIN GEA-5777. 
*Reg. trademark of General Electric Company. 

SEND COUPON BELOW for complete in-
formation about G-E capacitors. 

— — — — — — — — — — — — 

General Electric Co. 
Section 8442-25 
Schenectady 5, N. Y. 

Please send me capacitor bulletins 
checked below. 

D GEA-4646 

O GEA-4996 
D GEA-5777 

GEA-6065 

:2 GEC- 808 

El GEC- 809 
D GEC-811 

0 GEC-987 

Name  

Position  

Company  

Address  

 Zone._State  

WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE I.R.E. March, 1955 



Specify... 

Or Volume Production 
The most complete auto ies 

s ry. mall tablet presses, high-
speed rotaries, huge hydraulics. Ever ima 
inable mac pro uction of 
simp e or intricate ceramics in any quantity. 
Open dies for many designs. 

For Superior Quality 
ec on of 

I e ceramic materials. Careful matching 
with requirements. Many special c 
istic ope for unusual 
applications. Latest gauging and testing 
equipment. Quality Cont 

perrenced personnel . . . un-
equaled "know how" in handling variables 
gained from over 

manu acture. 

No other source 

sunny 
Proven production methods . . . the right 
equipment for eco re . . . 

y trained operators . . . all com-
bined to give you the best possible cer 
at the low 

For Important "EXS 
pecify AlSiMag, you receive 

many "extra" benefits. Redesign service . . . 
to insure the be estryrrfor eco-

a manufacture and outstanding per-
formance. Alert production staffs co 
sea rchin equipment, im-
proved methods. Engineering assistance 
from men of wide ex erie o 

ems in many fields. Contin-
uous Research to anticipate your needs and 
solve your rob 

HAT 

5 4 T H YEAP OF 

e d cetemiac 

Visit our Booth ai_4-h-e-1-12-E— SecWv, - 
--TrirTelevision Avenue 

RICAN LAVA CORPOR 
TTÔ 5, TENNESSEE 

NNESOTA MINING 

AND MANUFACTURING COMPANY 

Branch offices in these cities ,see o cal irectory): Cambridge, Mass • Chicago, III. • Cleveland, Ohio 
Ind. • • ewark, N. J. • Philadelphia-Pittsburgh, Pa. • St. Louis, Mo. • South San Francisco e, . Y. • Tulsa, Okla. 
amide: Irvington Varnish 1 Insulator Div., Minnesota Mining & Mfg. of Canada. Ltd reet East, Hamilton, Ontario, Phone Liberty 4-5735. 

• Dallas-Houston, Texas • 



AVAILABLE ON EQUIPMENT LEASE PLAN 

FIELD MAINTENANCE SERVICE AVAILABLE 

THROUGHOUT THE COUNTRY 

WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF TIIE March, Pl5.5 
18A 



ICIRO AVE 

FIELD INTENSITY 
RECEIVER igeoteicin),c. 
• Four interchangeable RF Tuning Heads 

• Uni-Dial Tuning 

• Double Tuned RF Pre-Selection 

• Signal- Lock Automatic Frequency Control 

• All purpose AM, FM, Pulse 

The new Polarad Model R Receiver is a fully integrated unit 

which combines reliability, ruggedness and simplicity of opera-

tion. Characterized by high sensitivity, low noise figure and 

excellent gain stability, this versatile instrument is ideal for 

communications, laboratory measurements, field intensity mea-

surements, production testing, and automatic monitoring. 

SPECIFICATIONS: 
Basic Receiver: Model R-B 

Tuning Unit F-equency Ranges: 

Model RUT- 950 to 2,040 mc 
Model RS-T: 1,890 to 4,320 mc 
Model RIVI-T: 4,190 to 7,720 mc 
Moael RX-T: 7,260 to 11,2E0 mc 

Signal Capabilities: 
CW, AM, FM, Pulse 

Sensitivity: 
—80 dbm or better throughout 
range on all models 

Range 950 to 11,260 mc with four (4) interchangeable, 
plug-in RF tuning units featuring direct reading UNI-DIAL 

control. 

Low noise figure. 

Excellent gain stability. 

Automatic frequency control. 

Direct reading output in db with provision for external 
metering and recording. 

Separate audio and video channels. 

Connectors for external IF attenuators. 

High sensitivity and broadband tuning achieved with double 
tuned cavity preselector which tracks automatically with 
the local oscillator. 

External type cavity klystron with non-contacting chokes. 
Klystron voltages regulated and automatically tracked with 
the oscillator. 

Frequency Accuracy: 
1% 

IF Bandwidth: 
3 mc 

Image Rejection: 
Greater than 60 db 

Gain Stability with AFC: 
2 db for 24 hour period 

Automatic Frequency Cortrol: 
Pull-out range 10 mc off center 

Recorder output: 
1 ma full scale 

Trigger output: 
10 v. pulse across 100 ohms 

Audio output: 
5 v. undistorted across 500 ohms 

FM Discriminator 
Deviation Sensitivity: 

.7 volts/mc 

Skirt Selectivity: 
60 db to 6 db bandwidth 
ratio less than 5:1 

IF Rejection: 
50 db 

Input AC Power: 
105 to 125 v., 60 cps., 460 watts 

Input Impedance: (ANT) 
50 ohms 

ELECTRONICS CORPORATION 
43-20 34th STREET, LONG ISLAND CITY 1, N. Y. 

REPRESENTATIVES • A:buquerque • Atlanta • Baltimore • Boston • Chicago • Cleveland • Fort Worth • Kansas City • los Angeles • New York 

Philadelphia • San Francisco • Scattle • St. Paul • Syracuse • Washington, D. C. • Canada, Arnprior Export: Roche International Corporation 

PROCEEDINGS OF TIIE I.R.E. March, 19.5.5 



PLAIN FACTS ABOUT VIBRATION AND SHOCK MOUNTINGS 
FOR AIRBORNE ELECTRONIC EQUIPMENT 

OUT-DATED UNIT MOUNT BASE 
16 mounting holes and 16 bolts required. 

Unit mountings may be improperly attached to the rack, 
and are very likely to be seriously misaligned during attach-
ment to aircraft or missile structure. 
Even minor discrepancies in spacing and attachment of unit 

mounts can defeat the whole purpose of the mounting base, and 
result in poor performance and deterioration of equipment. 

X 

Excessive height required. Unit mount bulk imposes reduced 
spacing (X) between support centers, resulting in impaired stabil-
ity (critical in lateral direction). Greater sway space required. 

Well Designed Electronic Equipment, 

If Poorly Mounted, 

Too Often Operates Inefficiently and Unreliably 

Failure also can result from use of inadequate mountings which 
are not engineered for the particular equipment and purpose. 
Conventional shock mounts or so called "isolators", reasonably 
effective when installed under ideal laboratory conditions, become 
dangerous trouble makers when installed by usual production line 
methods. 

Attachment of a base plate to unit mounts to achieve spacing 
control is a makeshift arrangement resulting in excessive weight 
with no height reduction. 

Failure also can result from obsolescent unit mounts employing 
internal rubber, organic or synthetic materials which deteriorate 
rapidly and are susceptible to temperature and environmental 
changes. 

The importance of today's electronic equipment surely justifies 
the use of integrated mounting systems designed to meet specific 
problems rather than the unreliable application of assembled 
"catalogue" mounts. 

17; 

TODAY'S ENGINEERED MOUNTING SYSTEM 
Only 4 mounting holes required. 

Prespaced holes in a one piece base plate assure quick, 
accurate attachment. Relationship of all 4 holes is definitely 
fixed ( holes spaced for interchangeability with unit mounts). 
No installation errors or misalignment can occur to disturb 

the precise performance of the mounting system as checked and 
approved on acceptance tests. 

Y 

Note reduction in mounting height. Important space saved. Maxi-
mum spacing (Y)of resilient elements at extreme corners provides 
stability. Less sway space required. 

Robinson All- Metal Engineered 

Mounting Systems Assure Outstanding Ferformance 

and Reliability of Equipment 

The Robinson concept of vibration and shock control is 
the design and application of 100% all-metal mounting systems. 
Engineered with careful understanding of the equipment to be 
protected and performance expected, Robinson mounting systems 
come to you completely manufactured, ready to receive the elec-
tronic equipment or instrument. 

The integration of these mounting systems into the electronic 
equipment of aircraft and missiles results in reduction of elapsed 
design time and basic development cost. 

Robinson Mountings utilize, as main resilient elements, metal 
wire cushions (MET-L-FLEX), exclusive with Robinson. This 
construction has been thoroughly proven by years of use in nearly 
all military and commercial aircraft. 

Some other important characteristics of Robinson Mountings: 
inherent high damping, non-linear spring rate, performance 
unaffected by grease, oil, water, dust, extreme temperatures or 
environmental changes. 

USE OF ROBINSON ENGINEERED 

MOUNTING SYSTEMS results in: 
A. Reliable and uniform performance in el, ery installation 

under all types of environmental conditions. 

B. Reduced cost through "de"ruggedization of equipment 
— substantial reduction of size and weight is possible 
by simplified and compact design. 

C. Simplified installation — only four attachment holes 
required—pre-spaced to save time and assure accuracy. 

For full information about this new concept of 
vibration and shock control, write or wire today. 

West Coast Engineering Office: 
3006 Wilshire Boulevard, Santa Monica, California 

20‘ WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE I.R.E. March, 1955 
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XLR is the cesignation of Cannon's 
all new audic cord ccnnector ... the most modern addition to 

the long line of distinguished Ca inon Connectors featured on all 
top-quality microphones. It's really quiet, too! 

New resilient insulator and specialized construction of socket 
contact assembly protects against disagreeable mechanical 

interference ... noise problems encountered with many other 
type connectors when their cables are moved, 

pilled or subjected to shock. 
Features streamline design, bright nickel -finish, integral cable 

camp, neoprene cable relief, and the time-tested Latch-Lock that 
Cannon picnee:ed on the first audio connectors. Available with 

three 1-amp. or four 10-amp. contacts. Available in parel 
recepta tie type, providing same continuous characteristics. 

Aiailable from distrioutors everywhere, or from 
the factory in p:oduction quantities. 

Latch-Lock Resilient insulator 

UIET 

NEW XL_R 

1110 first in connectors 

CANNON PLUS 
CANNON ELECTRIC COMPANY 
3209 Humboldt St., 
Los Angeles 31, California 

Please 
refer 

to Dept. 
377 

Factories in Los Angeles; East Haven; 
Toronto, Canada; London, England. 
Representatives in all prircipal cities. 
Distributors everywhere. 



meadNOWiee 

!\ A 
r^^ 

from 100 microvolts to 320 volts REGARDLESS OF WAVEFORM 
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Write for the New Ballantine Catalog 
describing this and other instruments 

in greater detail. 

REPRESENTING  

A distinctly new departure in VTVM design. 

FEATURING: 

A buAt-in calibrator; — easily read 5-inch log meter; — 
immunity to severe overload; — useful auxiliary functions. 

BRIEF SPECIFICATIONS: 

VOLTAGE RANGE: 100 microvolts to 320 volts 

DECIBEL RANGE: —80 dbv to + 50 dbv 

FREQUENCY RANGE 5 to 500,000 cycles per second 

ACCURACY: 3% from 15 cps to 150KC; 5% elsewhere 
Figures apply to all mete ,- readings 

MAXIMUM CREST FACTORS: 5 at full scale; 15 at bottom scale 

CALIBRATOR STABILITY: 0.5% for line variation 105-125 volts 

INPUT IMPEDANCE: 10 M nand 25 ppf, below 10 millivolts 
10 Mnand 8 put above 10 millivolts 

POWER SUPPLY: 105-125 volts; 50-420 cps, 75 watt 
Provision for 210-250 volt operation 

DIMENSIONS: (Portable model) 14 3/8" wide, 10 Ye" high, 12 34" deep 
Relay Rack Model is available 

WEIGHT: 21 lbs., approximately 

PRICE: $325. 

• BALLANTINE LABORATORIES, INC. 
102 Fanny Road, Boonton, N.J. 

22A 
Booth 245, Instruments A , Radio Engineering Show 
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Collins microwave engineering staff is ready to 
assist you in planning and installing your micro-

wave system. 

Visit Collins Booth 

at the New York IRE Show 

March 21-24 

Write Microwave Dept. A for descriptive literature. 

C F OLLINS RADIO COMPANY 
Cedar Rapids, Iowa 

1 

261 Madison Ave., NEW YORK 16 

930 Hi- Line Dr., DALLAS 2 

2700 W. Olive Ave., BU BANK 

Collins Radio Company of Canada Lul.,7-1 Sparks Street, OTTAWA. ONTARIO 

ONLY 

MICROWAVE 

has MECHANICAL FILTERS 
Collins mechanically-filtered multiplex equipment provides 
simultaneous transmission and reception for voice circuits. 

Each of these voice channels may contain up to 16 teletype, 
telemelering and supervisory control channels. The system 
employs proven bi-lateral, single sideband suppressed carrier 
transmission. Intelligence is transmitted only when a circuit 
is in use, thereby permitting statistical loading of the system 
to achieve a maximum signa:-to-noise ratio on each channel. 
This method of multiplexing is simplified and made economi-

cal by the use of the Collins Mechanical Filter. The steep 
skirt attenuation of this filter permits use of upper and lower 
sidebands with suppressed carrier to be employed for trans-
mission of two separate channels. 

SIX MORE REASONS FOR COLLINS 
• Tubeless power supplies using magnet.c amplifiers for regulation 

• Buikin test facilities to expedite routine maintenance 
• Only five tube types, including reflex klystron 

• Operates in 6700 mc band using high gain, highly directive 
antennas and reflectors. No tower-mounted transmission lines 

• Desigled for reliable unattended operation, optional automatic 
switchover to standby equipment with fault alarm 

• Facilities may be expanded at minimum cost 
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HOW-

. . . dependable BUSS FUSES help 

protect the Product and your Reputation 

BUSSMANN MFG. CO. 

BUSS fuses are made to protect — not to blow 
needlessly. A sensitive electronic device tests every 
BUSS fuse normally used by the Electronic Industries. 
Any fuse not correctly calibrated, properly constructed 
and right in all physical dimensions is automatically 
rejected. 

This careful testing is your assurance that BUSS fuses 
will open and protect equipment against damage when 
there is trouble on the circuit. If a poorly made fuse 
doesn't open when it should on an electrical fault, 
something else will burn out. 

BUSS fuses also safeguard your good-will by elim-
inating needless blows. A useless shutdown caused by 
a faulty fuse blowing when trouble doesn't exist can 
be most irritating to your customer. It could jolt his 
confidence in you. 

Surely it is wise to rely on fuses that help you avoid 
troubles by offering dependable protection under all 
service conditions. 

Then, why not be sure your buying and stock records 
specify BUSS and FUSETRON fuses . . . you'll find it 
convenient to use BUSS as the one source for all your 
fuse needs. 

Makers of a complete line of fuses for home, 
farm, commercial, electronic and industrial use. 

(Division of McGraw Electric Co.) 
  TRUSTWORTHY NAMES IN   

ELECTRICAL PROTECTION 

University at Jefferson, St. Louis 7, mo. 
BUSS 

24A WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE I.R.E. :11-arcl,, 1935 



SALES OFFICES: Baitimo,e; Chicago; Indianapolis; 

Kansas City; Los Angeles; New 
York; St Louis; San Francisco; 
Ottawa, Canada. 

C , 102 

Engineers and Manufactu 

Swid top pedatintee6 into 

. YOUR PRODUCTS 
Low cost Tenney test chambers 

will solve your high and low 
temperature problems 

portable hi—lo 
dry ice chamber 

range -- 100°F. to + 200°F. 
control accuracy -±- 2°F. 

cubic interior 8 Cu. ft 
exterior 36" H. x 52" W. x 33" 0. 
dry ice capacity 50-70 pounds 

Now you can check your products accurately at every stage with Tenney 

environmental test chambers... in research, product development, production, 

quality control. 

This new TDI-8 HI- LO dry ; ce chamber is typical of the wide range cf versatile, 

low-cost units developed by Tenney for manufacturers of electronic components, 

electrical equipment. instruments, plastics, metal parts, and a variety of 

diversified products far military or industrial applications. 

With standard Tenney equipment you can simulate altitude, temperature (high 

and low), humidity, fungus, sand and dust, and combinations of these conditions. 

Mcre than 3,000 Tenney test chambers are in use in leading plants and 

laboratories throughoJt the country. Tenrey has the largest specialized 

engineering staff in the industry to solve your individual environmental 

testing problems. 

Write today for Bulletin MI-8 covering the HI-LO dry ice chamber above...and 

for information on other Tenney test chamters to meet your exact specifications. 

re* re re e ri 
ENGINEERING, INC. 

1090 SPRINGFIELD ROAD, UNION, N. J. 

Plants: Union, N. J. and Baltimore, Md. 

Member of Environmental Equipment Institute 

rets of Refrigeration and Environmental Equipment 

PROCFPPI.Vcs THE March, 1955 



Multiple Unit 

Carbon Controls 

in New Cost-

Saving Design 

Resistance values: 250 ohms to 10 megohms, in a variety 
of tapers. 

Shaft: Hex phenolic, with slotted end; lengths — zero up 
to V" FMS in A" increments. 

Rear view shows simple, 
rugged design, with re-
sistance wafer attached 
directly to phenolic panel. 

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

Serving Industry with These Products: 

Electromechanical— Resistors • Switches • Television Tuners • Vibrators 

Electrochemical— Capacitors • Rectifiers • Mercury Batteries 

Metallurgical— Contacts • Special Metals and Ceramics • Welding Materials 

ACOMPLETELY new type of carbon control 
just developed by Mallory offers opportuni-

ties for important savings in your production. 
Available in single, dual and triple units, this 
model features a unique strip-type phenolic 

panel construction that is particularly appli-

cable to TV alignment controls. 

SAVES PRODUCTION TIME ... 

A dual or triple unit can be mounted in no more 
time than your assemblers no» need for a 

single control. 

REDUCES COMPONENT COST... 

The new simplified design makes it possible for 
Mallory to produce multiple units at costs ma-
terially lower than that for a corresponding 

number of conventional single controls. 

FLEXIBLE DESIGN ... 

This unique design offers many adaptations . . . 
at low cost. Phenolic hex shaft with screw 
driver slot makes for ready adjustability and is 

supplied in %" increments of zero to %" FMS. 
Terminals can be solder lugs or wire wrap 
solderless type. Mounting arrangement can be 
holes for riveting or twist tabs. Resistances 
cover the range from 250 ohms to 10 megohms, 
with rotational stop provision. 

Minimum spacing of shafts . . . De between 
centers . . . is identical with that required for 
single controls. You can install the new units as 
direct replacements in many existing chassis 
and mounting plate designs. Special center 
spacings can, of course, be supplied. 

Plan to take advantage of these new economies 
in the equipment you are now designing ... and 
investigate the possibilities for using them in the 
products you are now manufacturing. For tech-
nical details, and for engineering assistance by 

Mallory specialists, write or call Mallory today. 

Expect more... Get more from 

MALLORY 
P. R. MALLORY & 

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

More Uses From ONE Instrument 

New L.I.E. Oscilloscope Model 4 
PLUS LFE's New PLUG-IN feature which greatly 
increases the number of applications which can be 
serviced by one instrument. More X-axis flexibility 
and unmatched versatility— at lower cAerall cost. 

Specifications 

X-AXIS PLUG-IN ADAPTERS 

Modelisi! 1400. BASIC. with 5001 tc 5000 cps t7igger generator. 
1401, SWEEP DELA' continuously valable'from 5. e sec. to . 1 sec. 
1402. VIDEO SWITOH 
1403, GATED MARKIER GENERATOR. 01 to 1000C sec 
1404, TV TRIGGER SHAPER, fuels oa camposce video signal 
1f05. LONG SW:_EPS, from .1 sec. lcm toi 10 sec /cm. 

BASIC SCOPE 

Y-Axis Amplifier 
1>flection Sensitivity - 15 mv. /cm. p•pfm both cl-c and a-c i max.! 
Max. Signal Voltage -- 500 volts. p ak, 
Frequency Response — d-: to 10 nc 1sec. 3 db point! 
Transient Response - Rise time i1Or".-913e;i -- 1035 sec. 
Linearito of Deflection - Max. defection. 5. At 2.5 unipolar de-
flection,. maximum compression is 107c. 
Signal Delay C.25 ,‘ sec.. 
Input Terninat.on 53, 72, or 93 ohms. 
Input ' mpedance megphm, 30 me- f-

X-Axis 
Sweep Time Range, calibrated - .1 sec /cm to , 1 sec. /cm. 
Ex:ernal Sweep Sensitivity - 2 vol3 /en., p- p. 
Frequency Response - DC to 1 Mc., t 31db.. pent 
Triggers - Inter:al or External to 10 inc., cPs 
DC. Blanking. 

OTHER FEATURES 

Fla: - face CRT Type 5i-ABP1 P7 or Pli optional! Accelerating 
Potential 3000 - 4000 volts 
Defhct1on Plates Accessible!. 
Power Requirements: 105-125 V.. or 210-250 V. 50-60 cycles. 
385 watts_ 
Dimens,00s: 13' w, 17% ' h, 21' d. 

LABORATORY FOR ELECTRONICS, INC. 

75 Pitts Street Boston 14, Mass. 

OSCILLOSCOPES MAGNETOMETERS COMPUTERS 

SOLID DELAY LINES SPAR SPAR- S 
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Déigned for Application 

Mu Metal Shields 

The James Millen Mfg. Co. Inc. has for many 

years specialized in the production of magnetic 

metal cathode ray tube shields for the entire 

electronics industry, supplying magnetic metal 

shields to manufacturing companies, labora-

tories and research organizations. Stock shields 

are immediately available for all of the more 

popular sizes and types of cathode ray tubes as 

well as bezels for 2", 3" and 5" size tubes. 

Many production problems, however, make de-

sirable special shields designed in conjunction 

with the specialized requirement of the basic 

apparatus. Herewith, are illustrated a number 

of such custom built shields. Our custom design 

and fabrication department is at the service of 

our customers for the development and manu-

facture of magnetic metal shields of either nic-

oloi or mumetal for such specialized applications. 
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TÜNG-S I 

mAbE IN U. S. 

I 

Booth 746 

I. R. E. 

Conwentlon 

TUNG-SOL TUNG-SOL ELECTRIC INC., Newark 4, 
SALES OFFICES: Atialta, Chicago, Columbus, Culver City (Los 

Angeles), Dallas, Denver, Detroit, Montreal (Canada), Newark, Seattle. 

TUNO-SOL MAKES All-Glass Si/slab-Beam Lames, Signal Flashers,-

Picture Tubes, Radio TV and Special Purpose Electron Tubes, 

and Semiconductor Products. \ELECTRON TUBES 
PROCEEDINGS OF THE I.R.E. 29.‘ 



Now.. 

WITH RUGGEDIZED INSTRUMENTS, 

An extra feature—new "wrap around" 
shroud with gasket seal makes these meters 

as modern in appearance as they are de-

pendable in performance. Precisely built, 
their neat functional form expresses the 

forward thinking of our engineers. 

ROLLER-SMITH 
Provides One Source 

for All Your Instruments 
With the introduction of A.C. Rug-

gedized panel instruments, Roller-Smith 

has made their famous precision instru-

ment line one of the most complete ever 

offered. .. one which provides you with 

a single source of supply for all your 

instrument needs. 

Styled by leading industrial designers 

and featuring an eye-appealing "New 

Look," the A.C. Ruggedized line matches 

other Roller-Smith panel instruments 

and provides maximum readability, ac-

curacy, and maintenance simplicity. 

Available in 21/2 " and 31/2" hermetically 

sealed cases, these instruments conform 

to specification MIL-M-10304 (Sig. C). 

These A.C. Ruggedized instruments, like 

all other Roller-Smith products, are pro-

duced by master craftsmen with nearly 

50 years of precision engineering and 

manufacturing experience. Whatever 

your instrument problem, consult us for 

a practical, economical solution. 

I f 2,,,tx.t 
'C OR Fr' OR AI I O N 

1825 WEST MARKET STREET OD) BETHLEHEM, PENNSYLVANIA 

Precisi•A Pr•einti, SlAff 1908 

See these and other outstanding Roller-Smith products featuring the "new-look" at Booth 702 I. R. E. Show, Kingsbridge Armory, New York City, March / 1-24, 1955. 
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nwomebg-

The world's larges- arodJcers 

of wire-wound resistors 

invites you to visit 

44 4  Boole 
at the 

1955 SVICAN 

See TRU-OHM POWER 

RHEOSTATS and TRU-OHM 

VITREOUS ENAMELED RE-

SISTORS . . . America's 

fastest growing rheostat 

and resistor lines 

crying the original equip-

ment manufacturer and 

the replacement markets. 

If you cannot attend, drop us 

a rine for our latest catalog 

Genend ioies oak,: 2800 N. Atilwau Avenue, Chicago 18, III. 
iffaimy Ind.one 

"Largest producers ot wire-wound resistors in the U.S.A.-

mAmeAcruitee Pews•Rheostalsibted ft•sniors,Adiustoide Resistertlkonaion"Resistors,"Try-rieltesisten 

11 

"oh 
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ewe' 
amplifier klystrons 

in CW operation 
225-3000mc* 

500 1000 1500 2000 
FREQUENCY 

2500 3000MC. 

*pulse ratings many times CIni ratings are available on most 
Eimac klystrons. 

Eimac amplifier klystrons are performance, proved 
in extended range UHF and microwave communications systems 

Eimac amplifier klystrons, performance proved 

in high power extended range microwave 

communications systems, now cover the spec-

trum from 225-3000mc. The Eimac 3K50,000L 

series, with 10kw/CW power output, power 

gains of over 1000 times, over 40T° opera-

tional efficiency, long life and reliability, are 

typical of Eimac high power UHF klystrons. 

Of copper and ceramic construction, Eimac 

klystrons offer wide range tuning and easy 

input and output coupling through the use of 

external resonant cavities which leave the 

vacuum system free of RF circuitry. Light 

weight, allowing easy installation and main-

tenance, plus simplified design, minimizing 

production and stockpiling problems, make 

Eimac klystrons more practical and economical 

than any other. 

See the klystrons selected to pioneer high power extended 

range microwave communications systems by visiting the 

Eimac booths, 549-551, at the I.R.E. show in New York March 

21-24. Management and Engineering representatives will be 

on hand to discuss Eimac tubes and their application. 

EITEL-RicCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

Te-IE WORLD'S LARGEST MANUFACTURERS OF TRANSMITTING TUBES 
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Engineers of these four companies will be available at Booths 
620-622-624 on Circuits Avenue to answer your questions about 

. . . electronics systems, airborne armament, 
ordnance equipment, and industrial instruments, 
developed and produced by THE W . L. MAXSON CORPORATION 

. . . precision snap-acting switches, 
acceleration-sensitive switches, and accelerometers 
made by UNIMAX Division of THE W . L. MAXSON CORPORATION 

. . . transformers, audio amplifiers and power supplies 
engineered and manufactured by 
the LANGEVIN MANUFACTURING CORPORATION 

. . . electrical test equipment for aircraft 
designed and built by UNITED MANUFACTURING COMPANY, 
Division of THE W . L. MAXSON CORPORATION 

MAXSON develops and manu-
factures systems, subsystems, 
and components in armament, 
navigation, electronics, and spe-
cial devices. 

Ask for facilities report. 

THE W. I. MAXSON 
460 WEST LW YORK LN. Y. 

orge, Penn. and Long 131 
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• 

Insick this mobile ground station, test flights of the Avro 
Canada CF- 100, RCAF oll-weaiher interceptor for continental 
defense, arc —seen — and —heard— with Ampex magnetic tope 
recorders. 

• 

• 
• 

• 
• 

• 
• 

MAGNETIC TAPE RECORDING 

helps produce better designs faster 
At Avro Canada, as at all major flight test locations in the United 
States, all test data transmitted by radio telemetry is permanently— 
completely — and accurately — recorded on magnetic tape. This in-
volves 67 separate items of information per second— items such as 
temperature, pressure, revolutions, acceleration, yaw and roll. The 
data is " magnified" on playback at slow speed, permitting Avro engi-
neers and aerodynamists to critically study each parameter in gas 
turbine and airframe designs. 

AVRO USES AMPEX MAGNETIC TAPE RECORDERS 

The Aircraft Division of Avro Canada, Malton, Ontario is one of the many 
diversified users of Ampex magnetic tape equipment for data recording. 

Ampex recorders are widely preferred for special installations requiring 
broad frequency response, precise timing, extreme stability of tape motion, 
high shock resis'arce and reliable accuracy on transients. A wide variety of 
models are available featuring pulse width, frequency modulated and direct 
recording techniques ... for airborne, mobile, rack-mount or console appli-
catiors in any frequency band from zero to 100,000 cycles per second. 

Ampex 306 Recorder, 
0 to 5,000 cps. 

MAGNETIC RECORDING HAS MANY APPLICATIONS 

Because magnetic tape data is convertible to any form (e.g.: oscillograph 
traces, scope reading, computar feeds, control signals or punched cards), 
many practical applications result. Examples are: 

• Data Computing • Machine Control • Advanced Research 
• Test Cycling • Process Regulation 

LET AMPEX EVALUATE YOUR SPECIAL NEEDS 

Without obligation, find out whether " live memory" techniques can be ap-
plied to your operation, or ask for our 16-page illustrated bulletin. Contact 
your nearest Ampex representative, or write or wire Dept. G-1892. 

..,riignature of c.Perfection in',)ltagnetic cRecorders 

CORPO RAT I 0 N 934 CHARTER STREET, REDWOOD CITY, CALIFORNIA 

BRANCH OFFICES: New York ; Chicago; 
Atlanta; San Francisco; Dayton; College 
Park, Maryland (Wa'shingtor, D.C. Area). 

DISTRIBUTORS FOR AMPEX INSTRUMENTATION RECORDERS: Radio Shack, 
Boston; Bing Crosby Enterprises, Los Angeles; Southwestern Engineering & 
Equipment, Dallas and Houston; Canadian General Electric Company, Canada 

Distributors of Ampex Audio Equipment listed in your phone directory. 
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TEKTRONIX, INC., 

PORTLAND, OREGON, U.S.A 

DIMENSIONS 6'4" X 10' X 17" 

See it... Try it... at the 1955 IRE Show.. Booth 129 

PROCEEDINGS OF THE I.R.E. March, 1955 35A 



AT THE in-st.F 
SHOW! 

HOOTH.TS64 
CIRCU4TS 
AVENUE 

' KInesbridea 

tanda,(1 and SpecialriAnr:•cilz 
Construttions--

"tiLT 500B" , NYLON 
JACKETED 
WIRES 

120C WIRE 

CHESTER 
„eateette-fiàeet 

MAIM 
It pays to make CHESTER 
quality-engineered wire 
and cables your stand-
ard for both commercial 
and military requirements. 
Every foot of conductor 
bearing the Chester label opoi.' 
is laboratory tested 
and service-proven to 
perform as specified. 
Chester extra-strength 
plastic coatings are made 
super-durable for longer life 
and smooth pliability assures 
the easier working 
qualities that speed 
wiring production. 

NEW CHESTER BULLETINS 
Complete data and 
specifications on 
quality conductors 
for oil electronic 

wires and cables will 
be supplied prompt. 
ly. Call or write, 
today, 

Es 
EC ent Vic‘..i octets says 

sLI m pir For Dependable Wiring, 

t
 Connect It with Chester! 

CHESTER CABLE CORP 
CHESTER NEW YORK , 

- FOR EVERY 
ELECTRICAL 

AND 
ELECTRONIC 

NEED! 

vee 
osb tee"' 

001'5 

IATIX..76 WIRES SRIR, SRtei, SRRE, 
Solid Colors or Spicol Mocking 

MECHANICAL 
INTEGRATORS 

from FORD INSTRUMENT 

for extreme 
accuracy in 

computing and variable 
speed applications 

• STANDARD !INTEGRATORS 
in 21/2 " and 5" disk diameters 

FOR EARLY DELIVERY 

• and a variety of SPECIALS, such 
as component and tangent inte-
grators. 

Ford Instrument's standard mechani-
cal integrators utilize the Company's 
two-ball and disk low-friction design. 
Supplied with a patented ball roller 
tilt device which minimizes ball slip 
for all carriage positions, these inte-
grators are high precision units for a 
wide variety of computing and vari-
able speed drive applcations. 

FREE— Fully illustrated 
dàltstrean gives sped 
fl t- ons and perform-
ance information. Please 
address Dept. IRE 

47 

FORD INSTRUMENT 
COMPANY 

Division of The Sperry Corporation 

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

Ford tnstrument's standard components 

Rote 
Generators 

Ttlesyn 
Resolvers Integrator, 

Telesyn 
Sync h'« 
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Better for you 

Pyramid will now 
be listed in 

Photofact 

1 
PHOTOFACT 

Pyramid has joined the select group of manufacturers who 
participate in is most valuable of all service aids to make 

available tc you an i:mediate cross refe,rence between the set 
manufacturer's part and the part number of the exact . . 

Py ra m ul equ real 
You will find Pyramid capacitors as original components 

in sets bearing such famous brand h antes as 

RCA • GE • \CBS • Arvin • DuMont • Zenith • Raytheon • Emerson 

Motorola • Sylvania • Packard- Bell • Hallicrafters • Westinghouse • Hoffman 

and at leading parts distributors everywhere. 

4 PYRAMID ELECTRIC Co., 1445 Hudson Boulevard, North Bergen, N. J. 
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TAPE \X./OLIN.D CMES-

e 

S 1' EC I. 
, 

Only Magnetics, Inc. "Performance-Guaran-
teed" Tape Wound cores are guaranteed to 
meet your performance specifications. These 

are truly the most economical tape wound 
cores offered to industry today, for their 

guaranteed performance effects major sav-
ings on your production line. They are sold to 

you at no increase over standard core prices. 

When you specify "Performance-Guaranteed" Tape Wound Cores from Magnetics, 

Inc., you have your choice of the largest selection of standard tape wound cores 
offered by any manufacturer. In addition, the nationally renowned Magnetics 

Engineering and Development Department will design cores to meet your product 
needs as a completely free service. 

Why not write us today, and put Guaranteed Performance to work for you? 

BOBBIN CORES, TOO 

Tiny Bobbin Cores made with ultra-thin tape down to 0.000125" in thickness, and 

possessing very rectangular hysteresis loops-under pulse conditions, are now avail-

able for the first time with the famous Performance-Guarantee. If temperature 

stability, low coercive value, high saturation density, and ability to switch from 

positive to negative saturation in a very few microseconds, are of value to you, it 

will pay you to investigate Magnetics, Inc. Bobbin Cores. 

WANT THE COMPLETE STORY? 

It's easy to get the detailed story . . simply write on 
company letterhead. Well send complete literaturg, 
containing specifications and design information. 

ffIROPETICS inc. 

DEPT. 1-15, BUTLER, PENNSYLVANIA 
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INCOMPARABLE Frequency Stability... 

for Airborne X-Band Radar Receivers 
Now — at a New Low Cost — Varian announces the rugged VA-203 ... 
most advanced reflex klystron ever developed for airborne radar and 
beacon local oscillator service. The exclusive brazed-on exterral tuning 
cavity provides frequency stability obtainable in no other klystron. This 
construction provides outstanding stability during shock, vibration and 
temperature cycling . . . takes punishing 50 to 100 G shocks and provides 
absoleely reliable operation at high altitude WITHOUT pressurization. 

For Super-Rugged Service (Shocks to 250G) ... Varian offers the VA-201 
1.1ystron. This tube is equipped with integral molded silastic leads, is similar 
to the VA-203 and performs with the same absolute reliability. 

All these exclusive Varian features... 
* Unique brazed-on external tuning cavity assures exceptional fre-

quency stability. 
* Reliable operation at low voltage and from poorly regulated power supplies. 
le Negligible microphonics. 
le Slow tuning rate . . . long tuning life . . . single shaft tuner adapts easily 

to motor tuning. 
* Withstands 50 to 100 G shocks (up to 250 G's for the VA-201) 
* VA-203 weighs less than 4 ounces. Both tubes mate directly to standard 

waveguide flanges. 

aj• 
,e'dticezee E 

e.72efi . _ 

THE 

MARK OF 

LEADERSHIP 

GUARANTEED SPECIFICATIONS 

8500 to 9600 am VA-203 VA-201 

Resonator Voltage 300 V 250 V 

Heater Voltage 6.3 V 6.3 V 

Heater Current 0.45 Amp 1.2 Amp 

Power Output 20mW, 
Min 

15mW, 
Min 

Electronic Tuning 
Range 

30 Mc, 
Min 

30 Mc, 
Min 

Vibration FM at 
10 G 

1 Mc, 
P•13, Max 

0.2 Mc, 
p-p, Max 

GET COMPLETE TECHNICAL DATA and 
specificatiors on the outstanding new VA-203 
and its companion VA-201 . . . Finest kly-
strons made for airborne radar. Write to our 
Applicationf, Engineering Department today. 

VARIAN associates 
PALO ALTO 2, CALIFORNIA 

Representatives in all principal cities 

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, R.F. SPECTROMETERS, MAGNETS, 

STALOS, U.H.F. WATER LOADS, MICROWAVE SYSTEM COMPONENTS, RESEARCH AND DEVELOPMENT SERVICES 
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IT'S GOOD FOR 

YOUR SYSTEM 

4111.— 

In addition, Litton Magnetron 
Load Isolators... 

• Reduce frequency pulling. 
• Provide broad band operation 

with high isolation. 
• Present low input VSWR. 
• Reduce moding. 
• Decrease AFC requirements. 
• Minimize variation in power 

output with changing loads. 
• Require no separate cooling 

system. 
• Require no external power 

supply. 

CONDENSED SPECIFICATIONS 

DSO 1101 1206  

Frequency Range 8 6.9 6 Wins 8.6.9 6 lime, 8 6.9.6 hincs  
Iso atoll iminimum) 
tallenuation m 10 dti 10 db 18 dti 
reverse direction/  

Insertion Loss 
0 5 Ob I Ob I 5 Ob (maximum> 

t7,,Vit";"°"" e.,)te" "" 
Magnetic Field reed 

InPut VSWR 
IOUtewt terminated/ 0.05500. 

Flange US-SI U 

Weight 

0,0 0.0,, 20 watts 

IOU W wWn e (Irreeated) 

Permanent Permanent 
magnet magnet  

1.10 mas. 1.2 max. 

06.39 U US 39 U• 

Less than 2 lbs. 

•Sierroal fianyt, 

Other precision products 
of the Litton Components 

Division include: 
Microwave Rotary Joints, 

multi-turn Potentiometers, 
single-turn Potentiometers, 

Metal Film Resistors, 
Delay Lines. 

Use a Litton Magnetron Iso-
lator to insure concentration of 
energy in the useful pass band 
of your system. Without this 
device mismatched loads cou-
pled with long lines spread 
transmitted energy into un-
used portions of the spectrum, 
seriously impairing system 
performance. By employing 
the unidirectional properties 
of magnetically polarized fer-
rites at microwave frequencies, 
these new circuit elements iso-
late the microwave source 
from load reflections, permit-
ting high power magnetrons 
or klystrons to operate satis-
factorily into long lines termi-
nated in poorly matched loads. 
With a particular VSWR 
usable length of line for stable 
magnetron operation may be 
increased four to five times by • 
incorporating a Litton Load 
Isolator with isolation of 10 db 
or more. 

New ferrite circuit elements are 
designed to improve system opera-
tion by minimizing long-line effects 
and other loading problems. 

Developed and manufactured by 
specialists in the production of 
microwave systems and components, 
Litton Magnetron Isolators greatly 
improve tube performance. 

LITTON 
MODEL X250 

LITTON 
MODEL 5-101 

MAGNETRON 
LOAD ISOLATOR 

for improved performance in high-
power radar and other microwave 

— systems. 

LITTON 
MODEL X2OL 

LABORATORY 
LOAD ISOLATOR 

for laboratory tose, to obtain 
maximum performance from 
your "X" band test equipment. 

COMPONENTS DIVISION 

Write for complete 
data and name of nearest 
representative ... 

RIO N. FOOTHILL ROAD. BEVERLY HILLS, CALIFORNIA • CRESTVIEW 0-7304 

215 111. FULTON AVE., MOUNT VERNON. NEW YORK • MOUNT V ERNoN 7-6609 

color 

TV 
shadow 
masks 

Nee ase noe clelivesine, sbsàoag 

sc,asks, tbe ecision 'peel. o£ tbe 

colos telegisicist tube, etcbea to 

svecif dti 

tcatious. Illass vsoducitoo 

toetbods, vesfected uog, loose 
*sae 40 lees of psecise osetal 

etasiog oetience, estable us to 
meet todals exactiog, desoaods 

(of suety aod &Wee, 

etched and 

?ellectro formed 
• 

,(prec ision NX 
parts 

With the technical experience 

and production know-how gain-

ed in producing fine metal etch-

ing and in electro•formin 
are n E. we 

ow manufacturing many 

components for che  industry . electronicSome specifins 

for fine mesh up catio call 

holes pe 1,000.00) 
r square inch. Send us 

your drawings fo: a prompt 
quotation. 

bm 
BUCKBEE 
MEARS 
COMPANY 
Lindeke Building 

SAINT PAUL 1 MINNESOTA 
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• ALL units thoroughly 
inspected on exacting 
custom equipment. 

• UNIQUE inspection procedure 
for each application. 

EXTREME MANUFACTURING ACCURACY 

• EVERY gear cut with an AA hob and 
rolled against a master. 

• EVERY final grind on every shaft run 
through a Sheffield comparator set by 
"jo" blocks. 

• EVERY bearing bore checked with an 
gauge and XX plug gauge. 

airborne applications . . . designed and 
produced to your specifica-

tions. Send your requirements 
to OSTER design engineers. 
Write for "The Oster Story of 

Quality" today. 



NEWS and NEW PRODUCTS 
March 1955 

Test Set 

Electronic Measurements Corp., 280 
Lafayette St., New York, N. Y., recently 
announced three instruments; Model 106 
VTVM; Model 500 rf signal generator; 
Model 208 tube tester for, basic radio and 
TV receiver servicing. Included without 
charge with this new offer are Model CRA 
picture tube adaptor for the Model 208, 
and two Model IS "Eye Level" instrument 
stands. 

With the Model CRA, picture tubes 
can be checked in or out of sets and car-
tons. Price is $68.55. 

Potentiometer Elements 

Helco Products Corp., 2041 Colorado 
Ave., Santa Monica, Calif., has announced 
plans to specialize in the manufacture of 
precision potentiometer elements as in-
tegral parts of the customer's product. 

The company believes its increased 
specialized services will be an asset to in-
strument designers, resulting in more 
balanced design, saving in space and 
weight, reduced torque, closer alignment 
and better compliance with environmental 
and functional specification. 

The company is currently producing 
precision potentiometer components for 
aircraft, electronic and instrument sys-
tems. All units are available with res'stance 
wire 0.4 mil and up, with adjustable termi-
nals and taps, of size and weight ideally 
suited for miniaturization. Ganged units 
are adjustable for both total length and 
electrical centers. 

These manufacturers have invited PRO-

CEEDINGS readers to write for literature 
and further technical information. Please 
mention your I.R.E. affiliation. 

Ratio Meter 
A new panel meter to indicate the ratio 

of two direct currents is being produced by 
Thomas A. Edison, Inc., Instrument Div., 
West Orange, N. J. 

1. 
The instrument has a capacity to 

handle 50 ma in either coil and will ac-
curately indicate a ratio on an input of 2 
ma minimum. Scale tolerances are based 
on an angular tolerance of 1°. 

The movement uses a pair of fixed coils 
surrounding a small alnico magnet at-
tached to a pivoted pointer shaft. With 
equal current in both coils the pointer will 
indicate unity ratio ( I). An increase in 
strength of one current over the other will 
pull the pointer right or left of center to 
indicate a ratio. Price is about $43.00. 

Transformer 
Condenser Products Co., Div. New 

Haven Clock & Watch Co., 140 Hamilton 
St., New Haven, Conn., is introducing a 
high voltage oil immersed transformer for 
use in ac and high voltage test equipment 
and high voltage power supplies. 

The company does not contemplate a 
standard line at this time and will limit its 
production to custom business including 
prototype and large production orders. 

The transformers are made in both 60 
and 400 cps types up to a 5 KVA power 

level. Condenser Products impregnates 
these transformers with the conventional 
types of high dielectric strength trans-
former oils, as well as with silicone oil for 
high temperature uses. 

Power Supply 
Seven regulated current ranges from 1 

ma to 1 ampere and four regulated voltage 
ranges from 10 volts to 100 volts. 

The PS- 171 power supply was de-
veloped by Scientific Specialties Corp., 
Brighton 35, (Boston) Mass., for use in 
transistor measurements. The regulated 
output current of / ampere maximum is 
high enough to accommodate power tran-
sistors. 

The instrument contains a high gain 
vacuum tube regulator circuit which is 
stabilized to keep the output current or 
voltage constant at dc and also maintains 
high output impedance (when used as a 
constant current supply) or low impedance 
(when used as a constant voltage supply). 
The above holds true even when a pro-
gramming or sinusoidal signal whose fre-
quency is as high as several hundred cycles 
is superimposed on the dc through termi-
nal jacks provided. 

Front panel meter indicates voltage or 
current output directly. Absolute ac-
curacy is better than 0.25 per cent. Precise 
setting to 0.1 per cent is by a 10 turn 
Helipot. Regulation is better than 0.1 per 
cent for load changes from zero to full 
load and line voltage changes from 105 to 
125 volts. Hum is below 0.05 per cent of 
full scale on all ranges. 

Transistors 
Metropolitan Overseas Supply Corp., 

1133 Broadway, New York 10, N. Y., has 
been appointed distributor for the Siemens 
& Halske Aktiengesellschaft. 
A new line of quality transistors for 

amplification and switching is available to 
the trade as a result of this merchandising 
venture. 

Characteristics, ratings, and installa-
tion procedures are available from the 
distributor. 

(Continued on page 46A) 
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ATTENUATION NETWORKS 

Combining a wide range of attenuation with a "plug-

in" feature for adjusting input and output impedance. 

(e n Daven Series 690 Attenuation Networks, the exclusive "plug-i 
feature permits input or output impedance to be changed to any value by su 

stituting "plug-in" pads of the particular impedance desired. 

These networks are intended for use in general laboratory and production 

testing. They are extremely rugged, flexible and reliable. They are available in 

either "T" or "Balanced H" circuits. A range of either 110 DB in 1 DB steps can 
be obtained on the 2-dial series, or a range of 111 DB in 0.1 DB steps on the 3-dial 

series. A special card type, non-inductive winding is used, giving a frequency 

range of from zero to 50 KC. These units may be used above 50 KC with only a 
slight decrease in accuracy. Resistor units are calibrated to ± 1.0% accuracy and 

operate at a +20 DB (0.6 watt) maximum input level. 

To insure low contact resistance and uniform contact pressure Daven 

patented "knee-action" switch rotors are used. Silver alloy rotors, slip-rings and 

contacts insure finest electrical performance. Daven's exclusive "plug-in" impe-
dance Matching Networks are available in a wide range of impedance and loss. 

Write for complete catalog data. 

THE DAWN,. 

Series 693 

WORLD'S LARGEST MANUFACTURER OF ATTENUATORS 

195 Central Ave., Newark 4, N. J. 

Visit Dave^t at the I.R.E. Shove 
543 & 543 Components Avenue 

Ou rpm 

4 



WINCHESTER ELECTRONICS, INC. 

QUICK-

DISCONNECTING 

SELF-ALIGNING 

SERIES 
"CIRE" 

NEW Designs & 
Applications 
On display at the 

Radio Engineering Show 

Booth 628 
Circuits Avenue 

SERIES 
MINIATURE 

SERIES "MRE" 
MINIATURE 

7, 8, 

9, 14, 

18, 20, 

21, 26, 

34, 4 I, SO, 

75 Contacta 6,a ACTUAL SIZE 

SERIES "K" 
Printed Cirreit 

RECEPTACLES c-d. 

7. 7 6, 

10, 15 10, 

77 Contact. 
"an 

6, 12, 18, 

20, 30, 208 

Contoets 

MINIATURE 

and SUB-MINIATURE 

ELECTRICAL 
CONNECTORS 
The Accepted Standard for 

QUALITY • COMPACTNESS • RUGGEDNESS 

LIGHT WEIGHT • DEPENDABILITY 

SUR-MINIATURE SERIES 

**1 II 

7, 14, 

20, 26, 

29, 34 r 
Contorts 

ACTUAL SIZE 

SERIES 

"HM" 

Used with 

Receptacles 

HERMETIC PLUC 

(Round Hole/ 

ACTUAL SIZÉ 

SERIES 
"HMRE" 

Used with 

R•coproda. 

ACTUAL SIZE 

TYPE "B" 

12, 14, 24 
Contacts 

ACTUAL 
th ACTUAL SIZE SIZE 

MOISTURE 
PROOF 

Winchester Electronics, Inc. Products 

and Designs are Available Only 

from Winchester Electronics, Inc. 

WEST COAST BRANCH. 

1729 Wilshire Iltsbrisivosd, Sesesta Monica, California NORWALK, CONNECTICUT 

TYPES "200" 
to "900" 

HEAVY 

DUTY 

TYPES " RA" 

Used in 

"AN" Shells 

1/4 ACTUAL SIZE 

WATERPROOF 

& " RB" 

AIRCRAFT SERIES 
e4A79 

Many features are covered by 
our Patents: Nos. 161900, 
162792, 2411861, 2466370, 
2513080, 2526325, 2532538, 
2633482 and 2659872. 

Wire or write for catalog of 
other types or advise your spe-
cial requirements. 

WINCHESTER 

ELECTRONICS 

INCORPORATED 

CRYSTALS 

CRITICAL QUALITY 
CONTROL 

Means the Finest in 
Frequency Control 

in 

Midland makes more frequency 
control crystals than anybody else. 
Millions are used in two-way 
communications thruout the world. 

Only a product of the highest 
quality rates that kind of demand. 
That's why you know your 
Midland crystal will do a completely 
dependable job for you. 

The quality of Midland crystals 
is assured by exacting tests and 
controls through every step of 
processing. It's quality you can stake 
your life on - as our men in the 
armed forces and law enforcement 
do every day. 

ML-200 Series 
for color television 

ML-6 Series 
for ronges 1.0 mc 

ta 75.0 mc 

MIDLAND 
MINIATURES 
for specified 
performances 

e • 

Other standard 
types for 

various ranges. 

Specials developed 
and produced to 

individual 
requirements. 

Whatever your crystal need - 
conventional or highly specialized... 
when it has to be exactly right, 

contact 

Manufacturing Co., Inc. 
3155 Fiberglas Road • Kansas City, Kansas 

WORLD'S LARGEST 
PRODUCER OF QUARTZ CRYSTALS 

c..s 01; TIlE I.R.E. March, 1955 



»el MULTI-PURPOSE 
Sweep Signal Generator 

Type 240-A 

4.5 to 120 mc. 

CW Output 

4.5 to 120 MC 

0.1 to 300,000 PV 

• A wide range of continuously 
variable linear-frequency sweep 
widths. 

• Crystal controlled frequency 
identification. 

• Adjustable frequency-interpola-
tion pip mark's. 

• Internal mixer for forming com-
posite display signal. 

• Accurate continuously-tuned CW 
with choice of internal AM. 

• Internal crystal calibrator for CW. 

• Wide range of calibrated output 
voltage. 

The Sweep Signal Generator Type 210-A is a continuously- tuned, 
accurate CW Signal Generator with internal ANI. The output voltage 
is continuously monitored, indicated and calibrated over a wide range. 
The CW Signal can be calibrated against an internal crystal. Electronic 
sweep circuits are included which produce an output signal having an 
AGC-controlled, constant-amplitude and a wide range of continuously-
variable linear- frequency sweep widths. Two systems are included 
for frequency identification while sweeping. One of these is crystal 
controlled and the other is an interpolation sytitem. An internal mixer 
adds the frequency identification information to the test receiver out-
put signal prior to its connection to the display oscilloscope. 

SPECIFICATIONS: 

RF FREQUENCY RANGE: 4.5 to 120 MC confiauously variabLe in 
five ronges. 

RF FREQUENCY ACCURACY: 1%. 

RF OUTPUT VOLTAGE: 1 to 300,000 microvolts. 0.1 to 30,000 
microvolts with external attenuator. 

AMPLITUDE MODULATION: Factory adjusted to 30% from internal 
1000 cps oscillator. 

RANGE OF SWEEP WIDTHS: Continuously variable from ± 1% of 
center frequency to 15 MC or 30% of center frequency 
whichever is smaller. 

LINEARITY OF SWEPT RF FREQUENCY: Within 10% over middle 
80% of sweep excursion, within 20% over remainder. 

FLATNESS OF SWEPT RF OUTPUT: Within 7% 
under all conditions. 

Broad Band Sweep 

*1% to 30% of 

Center Frequency 

AM Modulated CW 

30% at 1000 cps. 

PM, 

9111 

Crystal Controlled 

Identification of 

Frequency-0.1, 0.5, 

2.5 MC Spacing 

Interpolation Pips 

Mark Frequencies 

From Crystal 

Identification 

FREQUENCY IDENTIFICATION MARKS: Crystal frequency identification 
spaced 0.1, 0.5, 2.5 MC. Tuning dial identifies center mark. Two 
adjustable-position interpolation pip marks. 

PRICE: 81375.00 FOB BOONTON, N. J. 

BOONTO 
ûtede'otiy BOONTON - USA• 

Booths 225-227 Instruments Ave., Radio Engineering Show 
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PERKIN...HAS A STANDARD POWER SUPPLY FOR YOUR EVERY NEED 
IMMEDIATE DELIVERY!! 

?£11104, 

eÍ V ie( • 

palm mien 

MODEL 
M60 YMC 
0 TO 32 V. 

@ 25 AMP. 
(CONT.) 

MODEL 
MR 1040-30 
10 TO 40 V. 
@ 30 AMP. 
(CONT.) 

MODEL 
MR2432-100X 
24 TO 32 V. 

(e 100 AMP 
(CONT ) 

«AO pelt** ê 0.1, El Segende. 11111111.11111E0 
days, Net 30. Phone collect for quantity vaunt. 

ALSO AVAILABLE: Standard 6 and 115 
volt models; Ground and Airborne Radar 

anti Missile Power Supplies —  Write for 

ferhyi Lolling% 

PERKI 
ENGINEERING CORP. 
345 KANSAS ST. • El. SEGUNDO, CALIF. • ORegon 8-1215 or EAstgate 2-1375 

P1 ( S1 
TUBELESS!! 

MAGNETIC AMPLIFIER 

eeiT4:Cit 
SUPPLIES 

REGULATION: — from 5-32V 
DC ( b) from 1.5 to 15 amps. (c) from 
105-125V AC. ( single phase, 60 cps.) 

RIPPLE: I % rms @ 32V and full load, 
,ncreases to max. of 2% rms @ 5V and 
full load. RESPONSE: 0.2 sec. 

METERS. 4 y, " AM and VRA; 2% accuracy. 
MOUNTING: Cabinet or 19" rock panel. 

FINISH: Baked Grey Wrinkle. 
WEIGHT: 150 lbs. 
DIMENSION: 22" x 17" x 

• • $ 524 wio cabinet, $549 w/cabinet 

REGULATION: ± 1 • (a) at 28V Kg 
Increases to 2% max over the range 
24-32V, does not exceed 2V regulation 
over the range 4-24V DC ( b) from 1/10 
full load to full load (c) at o fixed AC 
Input of 115V. 

RIPPLE: 1 rms @ 32V and full load; 
% rms max. @ any voltage above 4V. 

AC INPUT: 115V, single phase, 60 cpS. 

FINISH: Baked Grey Wrinkle. 

WEIGHT, 130 lbs. 

DIMENSIONS: 22" x 15" x 

• • $ 439 w/o cabinet, $474 w/cabinet 

REGULATION: ± 1% (al from 10 to 40V 
DC ( 13) from 100 to 130V AC lc) from 3 
to 30 Amps DC. RIPPLE: 1 % rins 

AC INPUT: 100.130V, 1 phase, 60 cycles. 

RESPONSE: 0.2 sec. METERS: 4 Y," AM 
ana VM 

MOUNTING: Cabinet with 19" rock paaeL 
FINISH: Baked Grey Enamel. 

WEIGHT: 200 lbs. 

DIMENSIONS: 22" x 15" x 23" 

• • $ 792 w/0 cabinet, $827 w/cabinet. 

REGULATION: ± % (a) from no load 
•o full load. (b) from 24-32V DC. Icl for 
230. (or 460) V ± 10 %. 

DC OUTPUT: 24-32V @ 100 amps. 

AC INPUT: 230 or 460V ± 10%, 3 
phase, 60 cycles. 

RIPPLE: 1% rms. RESPONSE TIME: 0.2 sec. 

MOUNTING: Cabinet or 19" rack panel. 

WEIGHT: 250 lbs. 

DIMENSIONS: 25" x 15" x 15" 
• This und will be supplied for 230V AC Input 
unless 460V is specified. 

• • $ 1,149 including meters and cabinet. 

These manufacturers have invited PROCEEDINGS 
readers to write for ' detente and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 42,4 ) 

Graphic Recorder 

Century Electronics Co., P.O. Box 648, 
Cocoa, Fla., has developed a direct writing 
recorder which was especially designed for 
the recording of low frequency telemeter-
ing data; however, applications have also 
been found in monitoring guided missile 
firing sequences, computers, etc. The 
standard telemetering recorder has four 
chart speeds compatible with data from 
commutated and low frequency continuous 
channels. Usable response can be obtained 
up to 100 cps with a Century compensated 
amplifier. Any number of chart speeds up 
to a maximum of eight may be furnished 
on special units. 

The standard recorder includes three 
center-tapped pen motors and one dual 
polarity timing and event marker. When 
voltage sensitive paper is used, static data 
pens may be employed to record on-off 
functions. For some applications, a com-
bination of dynamic and static marking 
pens are provided. 

The recorder has adjustable static 
marking pens, and dual polarity timing-
event marker. It is (81 X8I X16 inches in 
size). Models are available for voltage 
sensitive or heat sensitive chart paper. In-
formation is plotted in rectilinear coordi-
nates. These recorders are designed for 
multi-unit installation in ,standard racks, 
and a 30-channel recording system may be 
installed in approximately 48 inches of a 
standard rack. 

Bobbin Winder 

Geo. Stevens Mfg. Co., Inc., Pulaski 
Rd., at Peterson, Chicago 30, Ill., is now 
offering a screw feed bobbin and resistor 
winder featuring a new finger-tip re-
settable wire guide. Model 212-AM winds 
all types of random wound bobbin coils, 
solenoids, repeater coils, relay coils as 
well as space wound coils, resistors and 
distributed constant delay lines from 
inch to 64 inches long and up to 4 inches 
outside diameter. Coils up to 121 inches 
long may be wound by specifying Model 
212-AML. 

Upon completion of the winding cycle, 
the wire guide carriage can be instantly 
returned to the identical starting point by 
finger-tip pressure on the clutch release 
button. This action completely eliminates 
split nuts. The wire guide carriage is adapt-
able to multiple winding. 

(Continued on page 4M) 
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Ze• 

AMP Taper Pins 

for wire sizes 

26 to 16 

AMP Taper Tab 

receptacles for wire 

sizes 26 to 18 

ee ea,14 

4 vi:felee‘,.«02loga 

al' ct 4' e elate: 
Booths 77'0 

less cube and cos 
WITH ADDED RELIABILITY 

Cubic restrictions have brought about a 

whole new concept of wire termination. The AMP Taper 

Technique with AMP taper pins, tab re-

ceptacles, blocks and modified miniature components will help 

you take full advantage of small wire, 

small insulation and small space for your wire terminations. 

AMP Trade-Mark Reg. U. S. Pat. Off. © AMP 

Anothet examp& i 41417j 
eteative Appleadt - 13eeet leteg RIM Send today for your copy of our brochure, AMP's Creative 

Approach to Better Wiring. 

AIRCRAFT- MARINE PRODUCTS, INC., 2100 Paxton Street, Harrisburg, Pa. 

,n Canada: A ,RCRAFT-MAR IN E PRODUCTS OF CANADA, LTD., 1764 Avenue Road, Toronto 12, Ontario, Canada 

PROCEEDINGS OF THE I.R.E. March, 1955 
47A 



New Bi-Directional 

Power Monitor 

25 to 1,000 mc 

10 to 500 watts 

Only 2 plug-in 
elements 

MODEL 164 

Quickly measures incident or reflected power, 
simplifies matching loads to lines 

New Sierra Model 164 is a compact, versatile, bi-directional monitor for intermittent 
or continuous measuring of incident or reflected power, or convenient and precise 
matching of loads to lines. The instrument offers unequalled measuring ease and econ-
omy, since only two plug-in elements are required for coverage of all frequencies 25 to 
1,000 mc and wattages 10 to 500 watts. Two plug-in elements cover, respectively, 25 to 
250 mc and 100 to 1,000 mc. Both have 4 power ranges: 10, 50, 100 and 500 watts. 
Accuracy is -± 5% full scale on all ranges and frequencies. No auxiliary power is re-
quired to operate the instrument. 

Because of its compact size and wide range, Model 164 is ideal for portable applications 
(mobile, aircraft, etc.> as well as laboratory use. It is supplied in a sturdy carrying case 
(one or both plug-in elements supplied as ordered) and both meter and directional 
coupler may be removed from the case for remote monitoring. The monitor may be 
equipped for most connectors normally employed with 50 ohm lines. A twist of the wrist 
selects incident or reflected power, or any power range, without requiring removal of 
power. No exchange of plug-in elements is necessary to read low levels of reflected power. 

TENTATIVE SPECIFICATIONS 

Power Ranges: 10, 50, 100 and 500 watts 
full scale direct reading. 

Accuracy: ± 5% of full scale on all power 
ranges and at all frequencies. 

Insertion VSWR: Less than 1.08. 

Frequency Ranges: 25 to 1,000 mc. Two 
plug-in elements. 
Low Frequency Element: 25 to 250 mc. 
High Frequency Element: 100 to 1,000 mc. 

Impedance: 50 ohm coaxial line. 

Data subject to change without notice. 

sierra 
I.R.E. SHOW 
Booth 711 

Sierra Electronic Corporation 
San Carlos 2, California, U. S. A. 

Sales representatives in major cities 
"Manufacturers of Carrier Frequency Voltmeters, 
Wove Analyzers, Line Fault Analyzers, Directional 
Couplers, Wideband RF Transformers, Custom 
Radio Transmitters,VHF-UHF Detectors, Variable Im-
pedance Wattmeters, Reflection Coefficient Meters. 

Cornice 

(Continued from page 464) 

Conace and Kellogg Appointed 
by Sperry 

Appointment of several men to key ex-
ecutive positions itt the Sperry Gyroscope 
Company's new Aeronautical Equipment 
Division was announced today by H. C. 
Bostwick, division manager. 

Kellogg 

Sales manager of the new division is 
Frank Conace, former director of field 
service engineering. Spencer Kellogg, 
formerly department head of flight instru-
ment engineering, assumes the responsi-
bilities of engineering manager. 

Time Delay Generator 

The Model 1310A long time delay 
generator developed by Electro-Pulse, 
Inc., 11811 Major St., Culver City, Calif., 
provides controlled and continuously 
variable time delays over a range (20 us 
to 10 seconds delay). 

The instrument is designed for wide 
use in pulse width and spacing measure-
ments, control of gating circuits, geophysi-
cal and biological studies, and other timing 
applications. 

Delay is covered in 5 decade ranges and 
controlled by a 10 turn potentiometer. 
Long term accuracy is 1 per cent of full 
scale for each range (0.5 per cent with 
standard modification available), and jit-
ter is 0.01 per cent. Blocking oscillator 
pulses at the reference and delay termina-
tion are 0.5 microsecond wide, with an 
amplitude of at least 45 volts. Positive and 
negative variable width pulses (10 to 
100,000 as in 4 decade ranges) are also 
available at the reference and delay points, 
variable in amplitude to 25 volts maxi-
mum. In addition a positive or negative 
pulse, variable in width from 20 /as to 10 
seconds is available. 
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argest Manufacturer of Magnetrons and Klystrons 

01(362—Miniature 
50-watt min. peak 
power, tunable 
magnetron suit-
able for use with 
type 6116 Klystron 
(below). 

Mammoth or midget-and every type between 

Raytheon makes high quality tubes for all your 
microwave requirements— over 200 magnetrons 
and klystrons from L-Band through K-Band in 
all power ranges— by far the largest, most com-
plete line in the industry. 

From the 50-watt minimum peak power, 

Vibration, long life, rugged dependability are but a few of the factors considered in the 
design and manufacture of Raytheon Microwave Tubes. Check with Raytheon first for 
"proved performance pairs" of magnetrons and klystrons. 

RK6410/11K338—Compact 5 Mw magnetron 
suitable for use with local oscillator 726-C 
Klystron (below). 

X-Bana QK362 for beacon use to the 5 mega-
watt RK6410/QK338 for long range radar, 
there are highly efficient Raytheon tube types 
to supply reliable service in your present or 
proposed systems—whether in standard or spe-
cial applications. 

Yours for the asking, data booklets on 
Raytheon Magnetrons, Klystrons and 
Special Purpose tubes. Write today. 

Excellence in Electronics 

RAYTHEON MANUFACTURING COMPANY 

Microwave and Power Tube Operations, Section PL 15, Waltham 54, Mass., 

See the complete Raytheon line at the L R. E. Show 
Kingsbridge Armory—Booths 145, 147, 149 Kingsbridge Palace — Booths 2, 4 



BUDD • STANLEY specialists in microwave transmission components 

announce 

A REVOLUTIONARY NEW METHOD 

OF PRODUCING 

WAVE-GUIDE ASSEMBLIES 

IExclusive UNITRONIC method developed and perfected by our research engineers 

produces waveguide assemblies 

of a quality higher than your 

specifications at about half the cost. 

A/\ vaveguides requiring complex 

bends and tolerances never before 

possible can now be produced 

by the newly-perfected unitronic 

method meeting your most 

exacting precision requirements. 

Quality 
Economy 
Dependability 

SEE US AT BOOTH 681 

I. R. E. SHOW 

KINGSBRIDGE ARMORY • March 21st to 24th 
New York 

We shall be glad to send you complete details. 

Write, wire or phone 

BUDD • STANLEY CO. INC. 
43-01 22nd St., Long Island City 1, N. Y. 

Phone STillwell 6-1706 

Cable Address "BUDDSTAN" 
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ARP enclostees 

Ask the Karp Man 
how you can bene-
fit from Karp's 30 
years of experience. 
See him at 349 
Computer 
Radio Engineering 
Show, Kingsbridge 
Armory, Bronx, 
N. Y., March 21 
thru 24...or, phc,ne 
or write for descrip-
tive literature. 

célect tteuz elecizonic skills udihín 

When it comes to engineered sheet metal fabrications, Karp offers 
you top-quality enclosures, housings and chassis at economies that give 
your product a real competitive advantage without increasing the selling 

price. Our large collection of tools, dies and jigs keeps your tooling costs 
at rock-bettom. Karp "know-how" means that production techniques are 
individualized to each job, eliminating high costs, bottlenecks and delays 

to save you money. Yet each Karp fabrication is custom-built to highest 
quality, with assembly, fitting and bench work performed by skilled crafts-

men proud of their work. And remember — At Karp, your job is never too 
large — or too small. 

ENGINEERED SHEET METAL FABRICATION 

METAL PRODUCTS CO. • 223 63rd STREET, BROOKLYN 20. N. Y. 

Division of H & B American Machine Company, Int. 

FACILITIES FOR ENGINEERED SHEET METAL FABRICATIONS: in aluminum 

or steel • tong run or short • spot, arc, gas or heliorc welding • any type finish 

• modern plant- 3 city blocks long • U. S. Air Force Certified Welding Facilities 

• Thousands of dies available • Air-conditioned spray room — complete 

• Most modern of sheet metal bolting facilities 

fabricating equipment • Complete subassembly facilities 

PROCEEDINGS OF THE IRE. March, .19.5. 
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In radio-electronics 

it costs less 

than postage... 

to cover 40,000 buying points in the Annual IRE 
DIRECTORY in which a complex industry is organ-
ized, coded, simplified and "indexed for use." Men, 
firms, products — all are listed as vital working 
information for 35,000 IRE engineers and 5,000 pur-
chasing agents and distributors who feed on facts to 
give their vast industry even greater growth. 

Just look how little it costs! 
Ad size 

1/6 page 
1/3 page 
2/3 page 
1 page 
2 pages 
4 pages 
8 pages 
12 pages 
16 pages 

Cost 

S 80 
$160 
$320 
$sso (color)* 
51000 
$1600 
$2400 
$3000 
S3200 

catalog 
section 
multiple 
pages in 
•4A colors 

Cost per copy 

1/5c 
2/5c 
4/5c 
1.1/2c 
2.1/4c 
4c 
Sc 
7.1/2c 
8c 

Because of its recognized service to engineers, 
because it is their industry encyclopedia, the IRE 
DIRECTORY is your basic selling medium in which 
one message works 365 days of the year. 

IRE DIRECTORY advertisers who wish to enjoy 
"prestige position" in the 1956 edition must send 
engravings before May 1. Final closing for complete 
plates — Tune 15. 

Engineers are educated 
to specify and buy! 

INSTITUTE OF RADIO ENGINEERS 

THE IRE DIRECTORY 
Advertising Department 

1475 Broadway, New York 36, N. Y 

.egamil„,„ 
Induslriai Engineering Notes 

FCC ACTIONS* 

To accommodate the ever-increasing 
demand for vehicular radio facilities in the 
domestic public, public safety, industrial 
and land transportation radio services, the 
Federal Communications Commission has 
invited comments by March 28 to its pro-
posed rule making which would reduce 
channel separations for stations operating 
in these services in the 25-50 mc and 152-
162 mc frequency bands. In addition, the 
FCC set forth new narrow band frequency 
stability and emission standards and amor-
tization schedules for existing equipment. 
The proposal is to amend parts 2, 6, 10, 11 
and 16 of the rules so as to list the frequen-
cies in the 25-50 mc band with 20 kc sepa-
ration (in lieu of the present 40 kc spacing) 
and also list land mobile service frequen-
cies in the 152-162 mc band with 15 kc 
separation (reduced from the present 60 
kc spacing). "Split channel" assignments in 
the latter band normally would be made 
only on an alternate 15 kc basis so as to 
provide 30 kc separation in the same local 
service area. However, the commission also 
invites comments on a 20 kc assignment 
plan for the 152-162 mc band, with result-
ant 40 kc separation of local assignments. 
If information received indicates that the 
15 kc plan would not result in the most ef-
fective frequency utilimtion for that band, 
the 20 kc spacing will be adopted. 

INDUSTRY STATISTICS 

Fiscal year 1954 marked the twentieth 
anniversary of the Federal Communica-
tions Commission, and with the end of that 
year over 1.2 million broadcast authoriza-
tions in the radio field alone were on the 
commission's books. These authorizations 
cover the use of over 700,000 transmitters, 
it was revealed in the annual report for the 
fiscal year ending June 30. In the non-
broadcast services, the commission report-
ed the following outstanding authorizations 
at the end of the fiscal year: 46,000 marine 
stations with 44,000 transmitters, 40,000 
aviation stations with 42,000 transmitters, 
21,000 industrial stations with 146,000 
transmitters, 15,000 public safety stations 
with 165,000 transmitters, 14,000 land 
transportation stations with 139,000 trans-
mitters, 123,000 amateur stations with 
116,000 transmitters; also over 1,600 corn 
mon carrier radio stations, and nearly 600 
experimental radio stations. In the broad-
cast field, authorizations neared the 6,000 
mark in the following classifications: 2,697 
commercial AM stations, 573 commercial 
TV stations, 30 educational TV stations, 
569 commercial FM stations, 123 educa-
tional FM stations, 1,728 pickup, studio-
transmitter links, and other auxiliary sta-
tions. FCC also reported that nearly 850,-
000 commercial radio operators and more 
than 120,000 amateur radio operators held 
permits on June 30. 

*The data on which these NOTES are based were 
selected bv permission from Indu dry RePorts, issues 
of January 13 and 17, published by the Radio-Elec-
tronics-Television Manufacturers Associat ion, whose 
helpfulness is gratefully acknowledged. 

(Continued on page 57A) 
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DUMONt 
If your specialized design requires 
cathode-ray tube characteristics beyond the 
capabilities of a standard RETMA tube, 
only disappointment or excessive cost can 
result from "making do" with a cathode-ray 
tube that only approximates design requirements. 
For such problems Du Mont special cathode-ray 
tubes—tailor-made to your specific requirements— 
provide the answer. Either by modifying an 
existing design or by developing a wholly new 
tube, Du Mont will create an indicating element to 
match your requirements perfectly. Moreover, the 
vast production facilities of Du Mont are at your 
disposal, so that whether your requirements are 
for a single tube, or for production quantities, 
Du Mont can DELIVER.-And you may be sure that, 
regardless of the quantity, all tubes will be 
built to the same rigid specifications as the 
original hand-made model. 

Cathode-ray Tubes 
Whether you require a special cathode-ray 
tube, or one of the complete line of 
standard, RETMA types, or one built to IWU 
MIL-E-1 specifications, turn to 
Du Mont. The longest and most 
varied experience in this country in 
designing and building cathode-ray 
tubes of all types assure you the 
consistently high quality and 
reliability that have made 
Du Mont THE name in 
cathode-ray equipment 
for twenty-five years. 

001-e. 

J60,15 

J 802. 

I • J8028: 

13 V —€1 

5.0 2 à.6111, 
A 0.3 804 D.n, 

.420V .250V 

For information on 
Du Mont's Special Tube 
facilities, write: 

TAILOR-MADE 

1111111111111110101110111111111 

Bill 6P-; 21- inch rectangular 
electrostatic focus and magnetic 
deflection tube primarily for 
radar applications. 

111125P-; 5- inch radar tube 
with very short neck to 
meet stringent mechanical 
specifications. 

MI60 
Ç.2rI 

L104 

IIIID 

ef 
RELAY 

VIO& 
6A1•14-V 

X1 124P-; 5- inch squat; tube 
with 5 independent electron 
gun and deflection structures. 9 

V306-8 

S 302.30 

o 

N1101P-; 5- inch electrostatic 
focus and deflection for ,62 

ultra- high speed oscillography. 
Displays signals as high 
as 1000 mc. 

A;à7:-

e 

TECHNICAL SALES DEPARTMENT, ALLEN B. DU MONT LABORATORIES, INC. 760 BLOOMFIELD AVENUE, CLIFTON, NEW JERSEY 
See the Du Mont Exhibit at IRE Show Booths 264-266-268 SEE NEXT PAGE 
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IDENTICAL AMPLIFIERS IN NEW PRECISION 

CATHODE-RAY OSCILLOGRAPH 

THE DU MONT TYPE 340 

IM Identical, sensitive X- and Y-amplifiers 

la Amplifier response dc to 100 kc 

II All potentials regulated for stability 

la Hard-tube linear sweeps with beam gate 

II Mono-accelerator cathode-ray tube 

for distortionless presentation 

Yes, and also precision, simple operation, 
ruggedness, reliability, ease of maintenance all 
characterize the new Du Mont Type 340 which 
can well take its place as the oscillograph for 
those who require the best for their important 

studies. 

Identical amplifiers, unexcelled in other com-

mercial instruments, make the Type 340 a 
powerful tool for measuring electrical phase or 
mechanical resonance. Controls can be adjusted 
for less than 1° relative phase shift between 

amplifiers below 100 kc. Distortion in ampli-
fiers and sweeps is negligible. D-C stability sets 

new standards. Shifts in level are scarcely 
observable, even over long periods of operation. 
The Type 340 truly fits the needs of the 

discriminating engineer and scientist. 

For further information on the Type 340 
write to: Technical Sales. Department, Allen 
B. Du Mont Laboratories, Inc., 760 Bloomfield 

Avenue, Clifton, New Jersey. 

In less than a year you have seen a complete new line of precision instruments 
by Du Mont typified by: 

Type 336 CRO dc to more than 20 mc, high brightness 
Type 329 CRO dc to 10 mc, high voltage 
Type 327 CRO dc to 5 mc, precision calibration 
Type 324 CRO microvolt sensitivity, dc to 300 kc 
Type 330 universal electronic switch: dc to 15 mc 
Type 300 precision time calibrator 

And now the Type 340 with identical amplifiers, dc to 100 kc—PRICE $335.00 

TECHNICAL SALES DEPARTMENT 

ALLEN B. DU MONT LABORATORIES, INC., 

760 BLOOMFIELD AVE., CLIFTON, N. J. MONT 
See the Du Mont Exhibit at IRE Show Booths 264-266-268 
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ems",  
61 Radar Tubes 

by 

Now — Du Mont, whose brand has long been the hallmark 
of superior quality, reliability and performance, offers the 
most complete line of high-resolution cathode-ray tubes for 
radar. Below, in tabular form is listed a cross-section of 
types. However, the full story cannot be told here. 

All tubes can be furnished with P7, P14, P19 or P21 screens. 
Other screens are available where special requirements 
must be met. Screens can be metallized on any tube, • and 
metallization is recommended for operation above approxi-
mately 5000 volts, to provide optimum screen stability and 
to increase light output. 

Du Mont facilities are set up to wark closely with you. We 
are prepared to build, to your specifications, tubes which 
exactly match your needs in any size up to 30-inches in 
diameter. 

For complete specifications on these or any Du ' Mont 
cathode-ray tubes, or tor information on Du Mont special 
tubes, write to Technical Sales Department at address below. 

ELECTROSTATIC 
FOCUS 

Magnetic 
Deflection 

MAGNETIC 
FOCUS 

Magnetic 
Deflection 

Typical Radar Tubes Available From 
(Not a Complete Listing; 

LENGTH TYPICAL ANODE NO. LINES IN 
TUBE TYPE (INCHES) VOLTS USEFUL DIAM. 
5AHP— 111/8 7,000 550 
7ABP— 13% 7 000 650 
10UP— 173 10,000 900 
10WP— 16% 10,000 650 
12ABP— 18S., 10,000 700 
61116P— 23ve 16,000 700 
(Rectangular) 

B1125P-
5FP-A 
7BP-
10KP-
12DP-A 
12SP-

7 (seated) 
11% 
13% 

19% 
183/. 

8,000 
5,000 
7,000 
9,000 
7,000 
9,000 

450 
450 
550 
650 
550 
625 

Du Mont 

TYPICAL LINE 
WIDTH (INCHES) 

0.008 
0.009 
0.01 
0.014 
0.016 
0.02 

0.01 
0.01 
0.01 
0.015 
0.018 
0.018 

ELECTROSTATIC FOCUS K1233P— 
K1137P— 

Electrostatic (Dual Beam) 
Deflection K1187P— 

ou Motu 

18 
247% 

22%2 

8,000 400 
7,500 725 

10,000 625 

TECHNICAL SALES DEPARTMENT 

ALLEN B. DU MONT LABORATORIES, INC. 

760 BLOOMFIELD AVENUE, CLIFTON, NEW JERSEY 

See the Du Mont Exhibit at IRE Show Boo,hs 264-266-268 
PROCEEDIAGS OF THE 1.12.E March, 

0.015 
0.015 

0.017 

SEE NEXT PAGE 
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Igetee  
Quick reference  

, 
1 Ste teR:lii 

,4  

Yours for the asking..., 

up-to-date listing of 

New Instruments by 

DUMONT 
We have been adding so rapidly to our new 

line of high-precision instruments, that we know 

any Du Mont catalog you may have is obsolete. 

A new 8-page quick-reference catalog that outlines 

in greater detail the new Du Mont line of high 

precision instruments is just off the press. 

Get your copy now by writing to us at the address 

below. 

Meanwhile, here is a brief review of these great 

new instruments, together with some of their 
more important characteristics. 

TYPE BANDWIDTH SWEEP RANGE SENSITIVITY RECORDABLE 
WRITING RATE 

APPLICATIONS 

323 DC to 30% 
down at 10 MC 

I sec to 0.1 
user per major 
division 

0.2 to 400 
volts full scale 

2.8 in/usec Medium voltege,wide band, high-precisign,quantitative oscillo-
graph 

324 DC to 30% 
down ut 300 KC 

1 sec/inch to 
1 user/inch 

0.004 to 400 
volts full scale 

2.8 in/usec Very high sensitivity ( 1.33 millivolt/inch) in the low fre-
quency range 

327 DC to 30% 
down at 5 MC 

1 sec/inch to 
1 user/inch 

.5 to SOO 
volts full scale 

2.8 in/usec Widest cost, highly linear, precision measurements at medium 
high frequencies 

329 DC to 30% 
down at 10 ME 

I sec to 0.1 
user/major 
division 

.2 to 400 
volts full scale 

35 in/usec High precision, high accelerating potential for the ultimate in 
high-frequency measurements 

340 DC to 30% 
down at 100 KC 

2 to 30,000 cps 25 mv/in p-p Identical and Y amplifiers with negligible phase shift 

341 DC to 30% 
down at 600 KC 

2 to 30,000 cps 125 mv/in p-p Identical X and Y amplifiers with negligible phase shift to I 
megacycle 

336 DC to 30% 
down at 18 MC 

1 sec to 0.1 
user/major 
division 

.5 v/major 
division 

35 in/usec Superior instrument for advanced, precision high frequency 
measurements 

ACCESSORY INSTRUMENTS 
And don't forget these new accessory instruments, ally of which may be used 

with any cathode-ray oscillograph. 

TYPE APPLICATIONS 

300 Crystal-controlled time calibration pulses for use as accurate and dependable time-marker standard 

325 TV line selector for converting any cathode-ray oscillograph into a video signal monitor 

330 Electronic switch converts any single channel cathode-ray oscillograph to dual-channel or any a-c coupled 
oscillograph to d-c operation 

332 Differential transformer control is complete unit for differential transformer operation 

335 Strain gage control for use with any commercial strain-gage 

TECHNICAL SALES DEPARTMENT, ALLEN B. DU MONT LABORATORIES, INC., 760 Bloomfield Ave., Clifton, New Jersey 
See the Du Mont Exhibit at IRE Show Booths 264-266-268 
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Alek 
Industrial Engineering Notes 

(Continued from page 52A) 

RETMA ACTIVITIES 
A proposal that the Federal Communi-

cations Commission set up study groups on 
various types of spurious radiation with 
each group comprising FCC and industry 
engineers and a member of the commis-
sion is contained in the comments filed by 
Dr. W. R. G. Baker, Director of the Engi-
neering Department, on behalf of RETMA 
on the FCC's proposed spurious radiation 
order (Docket 9288). Accompanying the 
general comments filed with the FCC were 
copies of the reports of seven task forces 
which have been working on particular as-
pects of the FCC proposed regulations. Dr. 
Baker commented as follows on these re-
ports: "A review of these reports leads to 
the suggestion that any action taken at 
this time by the commission on the over-
all problem of spurious radiation might ap-
propriately proceed to go as far as practical 
at this time and then put in place a definite 
continuing program to deal promptly and 
effectively with those areas as to which 
specific limits cannot now be established." 
Dr. Baker added that "there are areas in 
which task forces have found it necessary 
to conclude that specific recommendations 
are not possible at this time." The RETMA 
comments revealed that the task forces 
had encountered a relatively new phase of 
the spurious radiation problem involving 
the radiation characteristics of foreign 
broadcast receivers imported into this 
country. "The preliminary indication," 
Dr. Baker said, " is that several types of 
these receivers are of such a design as to 
create an unusually severe problem with 
respect to meeting any of the limits which 
have been under consideration in this 
docket and the attached proposals. Any 
further work done in this field should be 
organized so as to deal with this specific 
phase of the problem." 

TECHNICAL 

A flat, transparent television picture 
tube has been demonstrated by the Navy 
at the West Coast Electronics Laboratory 
of Willys Motors, Inc. The tube reportedly 
was developed under a Navy contract in 
connection with a long-range program for 
simplifying aircraft instruments. Accord-
ing to the Navy announcement, the new 
TV picture tube, invented by William 
Ross Aiken, Director of Research at the 
laboratory, is approximately the size and 
shape of a metropolitan city telephone 
book, is three inches in thickness, and con-
sists of a phosphor screen sandwiched be-
tween glass plates. The tube functions by 
electronically exciting selected areas or 
spots on the phosphor screen. This is ac-
complished by the fallowing means: an 
electronic beam is injected along a hori-
zontal edge of the tube; this beam flows in 
a field-free region along the edge of the 
phosphor screen and adjacent to a row of 
transverse deflection plates. Through con-
trol of the voltages of these deflection 
plates, the beam is bent vertically at any 
desired place along the edge of the tube. 

(Continued on page 59A) 

Contributing to the progress 

...,A116.41,1 Electronics ... 

a Report on AMPHENOL since 

last year's IRE SHOW . . . 

It's IRE Show and Convention time again -- and a 

good time tó make a report on AMPHENOL's prog— 

ress during the past year. Outstanding achieve— 

ments in AN, RF and Blue Ribbon connectors are 

described on the following pages. In addition we 

can record the following new products: 

CABLES -- new Aljak, an aluminum—jacketed co— 

axial cable; Subminiature coaxial cable that may 

be used with the new Subminax RF connectors; 

Triaxial cable for community tv systems; 

Noise—Free cable for laboratory applications. 

CONNECTORS -- the 172 series of Hermetically 

Sealed receptacles, that mate with standard AN 

plugs, and the 165 series of Miniature AN—type 

connectors reached full production status. Both 

filled long time needs in their respective 

component classes. The 165 series is also now 
available for potting. 

All new developments point up the value of 

AMPHENOL's continuing contribution to the prog— 

ress of electronics -- a contribution that will 

be re—emphasized in the months ahead with the 

release of Printed Circuit connectors, compo— 

nents designed for automation and the announce— 

ments of other major developments. 

„ Pt 

MERICAN PHENOLIC CORPORATION 
chicago 50, illinois 

In Canada: AMPHENOL CANADA LIMITED, Toronto 

-<T,ZIfte ar.eggaiiiiimi woo 

If 
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COMPLETELY 

SELF-CONTAINED 
FIELD TEST INSTRUMENTS 

by 

FREQUENCY 
STANDARDS 

These precision-built field test instruments were designed by 

Frequency Standards to provide rapid and accurate means of 

frequency measurement in the field. Frequency is determined 

by means of a micrometer dial. This reading is translated to 
frequency by accurate individual calibration charts or curves. 

Transducers, fittings, and cables can be supplied to meet the 

requirements of customers and convenient storage space for 

these items is provided in the lid of the instruments. 

MODEL FREQUENCY RANGE ACCURACY 

912-4 900-1200 MC .01% 

1217-4 1200-1700 MC .02% 

1723-4 1700-2300 MC .02% 

2335-4 2300-3500 MC .02% 

3545-4 3500-4500 MC .01% 

4458-4 4400-5800 MC .01% 

5882-4 5800-8200 MC  .01% 

SPECIAL 
CAVITY 
DESIGNS 

Frequency Standards maintains 
complete facilities for the de-
sign and manufacture of Refer-
ence Cavities, Preselector Cavi-
ties, and Filters to customers' 
specifications or blueprints. Our 
facilities also permit quantity 
production of complex wave-
guide assemblies. 

AT THE I.R.E. SHOW! SEE US AT BOOTH 332 COMPUTER AVE. 
KIRIGSBRIDGE ARMORY, NEW YORK CITY, MARCH 21-24, 1955 

ILLUSTRATED 
BULLETINS 
SENT ON 
REQUEST Address inquiries to 

BOX 504 
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(Continued from page 57A) 

The beam then flows vertically in a second 
field-free region between a series of trans-
parent deflection plates and the electrically 
charged phosphor screen. The tube, com-
pact and portable, employs only electro-
static principles, which eliminate the ne-
cessity of using conventional magnetic 
components, which are heavy, costly and 
require greater electrical power, the an-
nouncement stated. Demonstrated to rep-
resentatives of the American airframe in-
dustry, the new TV picture tube is a part 
of the program to develop an instrument 
panel consisting of only two basic instru-
ments—both of which would be television 
picture tubes—mounted atop one another 
in front of the pilot. One picture would 
give the data on altitude, speed and atti-
tude of the aircraft and the other would 
give broad physical features of the earth 
below and be depicted by analogy. The 
Navy expects that the first experimental 
aircraft using this instrument and control 
system will be flown about 1958. . . . In or-
der to provide a direct, continuing link be-
tween the National Bureau of Standards 
and the organized science and technology 
of the nation, 12 technical area advisory 
committees, including several related to 
electronics, have been established in the 
bureau during the past year. The commit-
tees represent the society from which they 
are drawn rather than committees of the 
bureau in order to encourage objectivity in 
their functions. The committees, which 
will supplement the Bureau's Statutory 
Visiting Committee, have been set up as a 
result of recommendations made by the ad 
hoc Evaluation Committee appointed by 
the Secretary of Commerce in April 1953 to 
evaluate the bureau's program in relation 
to national needs. Under the chairmanship 
of Dr. Mervin J. Kelly, President of Bell 
Telephone Laboratories, the Evaluation 
Committee conducted a comprehensive 
survey and reported in October 1953 that 
the bureau's statutory functions were well 
conceived and its operations generally 
sound. At the same time, it was pointed 
out, the committee recognized the desira-
bility of some means whereby the needs of 
the nation's scientific and engineering so-
cieties could be expressed and transmitted 
to the bureau for implementation in its 
program. The American Institute of Elec-
trical Engineers has appointed an advisory 
committee, under the chairmanship of Dr. 
Ralph Bown of Bell Telephone Laborator-
ies, to consider programs in electricity and 
electronics. Work in electricity is primarily 
concerned with development and improve-
ment of standards and methods of meas-
urement for all electrical quantities. Re-
search in electronics at NBS is directed to-
ward obtaining knowledge of basic elec-
tronic phenomena and the properties of 
materials of potential significance to elec-
tronics. Also included on this committee 

(Continued on gage 61A) 
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Contributing to the progress 

of Electronics... 

'AN' CONNECTORS 

AMPHENOL continued to effect improvements in AN 

connectors during the past year. The biggest 

development was Potting, whereby connectors are 

injected with a synthetic rubber sealant that 

provides efficient waterproofing under the most 

adverse conditions. The advantages of Potting 

are so great ( not only true moisture proofing 

but weight and space saving design, greater 

electrical reliability, less cost) that they 

promise to replace the conventional so-called 

mechanically sealed AN connector in every 

application. 

A new and improved hi gh-temperature AN connector 

design has recently been perfected by AMPHENOL. 

Special finish, contacts and insert material 

makes these connectors able to withstand a tem-

perature of 600°F. under continuous operation. 

No report on ANs would be complete without a 

mention of the previous AMPHENOL " firsts" that 

have reflected our concern with the highest 

quality interpretation of government specifica-

tions. AMPHENOL developed and introduced as 

standard on AN connectors both 1-501 blue di-

electric material and gold-plated contacts_ 

two outstanding features that help to make 

AMPHENOL ANs the best obtainable. 

AMERICAN PHENOLIC CORPORATION 
Chicago 50, iUinois 

In Canada: AMPHENOL CANADA LIMITED, Toronto 
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On printed circuits... 

MALLORY 
Capacitors 
cut assembly time 

MALLORY 

Tubular Electrolyties 

for Printed Circuits 

In addition to the FP elec-
trolytic capacitors, Mallory 
manufactures a varied line 
of tubular capacitors appli-
cable to printed circuit pro-
duction. Write or call for 
technical information. 

High-speed automatic production of electronic equipment using 
printed circuits can be materially improved when you use Mallory 
FP capacitors. A special line of these famous electrolytic capacitors 
has been developed by Mallory for the particular requirements of 
printed circuits. 

Mounting prongs are self-positioning, so the capacitor fits quickly 
and surely into its correct position. The prongs are designed to 
provide clearance between the capacitor can and the chassis... 
permitting use of both sides of the panel for printed circuitry. 

Smaller terminals save chassis space, and provide good connec-
tions with a minimum amount of solder. Aluminum risers stop 
short of the solder area ... eliminate danger of contamination. 

In addition to these special features, Mallory is continuing to 
develop further refinements applicable to printed circuit usage. 
Notable among these which will soon be available are new designs 
for hopper feeding of capacitors on automatic assembly machines. 

Long the leader in the capacitor field, Mallory FP electrolytics 
can be relied on to give economy in production and high standards 
of dependability in service. For detailed literature or for a con-
sultation with a Mallory capacitor specialist, write or call us today. 

Expect more . . . Get more from MALLORY 
Parts distributors in all major cities stock Mallory standard components for your convenience. 

Serving Industry with These Products: 

Electromechanical— Resistors • Switches • Television Tuners • Vibrators 

Electrochemical— Capacitors • Rectifiers • Mercury Batteries 

Metallurgical— Contacts • Special Metals and Ceramics • Welding Materials MALLORY 
P. R. MALLORY & 

p. R. MALLORY 8. CO., Inc., INDIANAPOLIS 6, INDIANA 
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Industrial Eneeering Notes 

are: Dr. C. G. Suits, General Electric Co.; 
Dean F. E. Terman, Stanford University; 
Dr. E. W. Engstrom, Radio Corp. of Amer-
ica; Robert C. Sprague, Sprague Electric 
Co., and Dr. J. A. Hutcheson, Westing-
house Electric Corp. Also, an advisory 
committee appointed by the IRE has as its 
principal interest the NBS Central Radio 
Propagation Laboratory in Boulder, Colo. 
Chairman of this group Dr. A. W. 
Straiton, Electrical Engineering Research 
Laboratory, University of Texas. Also 
serving on the committee are: Dean F. E. 
Terman, Stanford University; Prof. Hen-
ry G. Booker, Cornell University; Harold 
O. Peterson, Radio Corp. of America; 
Stuart L. Bailey, Jansky & Bailey, and 
Dean William L. Everitt, University of 
Illinois. . . . New efficiency in the control 
of servomechanisms is claimed for a new 
Navy-designed "half-cycle response time" 
magnetic amplifier which is detailed in a 
research report recently made available to 
industry through the Commerce Depart-
ment's Office of Technical Services. At the 
same time, the OTS announced another 
Navy-developed unit which accurately and 
continuously checks the degree of imped-
ance match between an antenna and its 
transmission line. The report can be or-
dered by number PB 111442, "A New Mag-
netic Servo Amplifier," from the Office of 
Technical Services, Commerce Depart-
ment, Washington 25, D. C., for El each. 
The second report can be ordered by num-
ber PB 111439. " Impedance-Match Indi-
cating Devices," from the Office of Tech-
nical Services, Commerce Department, 
Washington 25, D. C., for $1 each. 

TELEVISION 

The Federal Communications Commis-
sion has authorized a new experimental 
TV station to test a low-cost operation, on 
a non-profit basis, at Manson, Wash. The 
Manson Community Television Co., formed 
for that purpose, was authorized to experi-
ment in converting the signals of distant 
VHF stations, amplifying and retransmit-
ting them to that area on UHF Channel 16 
with effective radiated power of 200 watts 
from various experimental types of anten-
nas not to exceed 30 feet above the ground. 
The experiment, according to the FCC an-
nouncement, will be on a non-profit basis 
and subject to certain engineering condi-
tions. Rules have been waived insofar as 
they require an operator to be on duty at 
the transmitter, but an operator is required 
for observations and adjustments. The call 
letters will be transmitted in International 
Morse Code automatically at the begin-
ning and end of each period of operation 
and at least once during each operating 
hour. Because of its purpose, the hours of 
operation are not limited. 

61A 

Contributing to the progress 

of Electronics... 

RF r'ONIN ECTORS 

Because the majority of RF connectors are built 

to government drawings and specifications it is 

easy to overlook the contributions an imagina— 

tive company can make in improving existing 

designs and in developing new connectors. 

AMPHENOL has the imagination and the engineering 

skill to provide such contributions. 

During the past year an entirely new line of RF 

connectors was developed by AMPHENOL; hundreds 

of special connectors were produced in coopera— 

tion with our customers; many connectors were 

added to the government—approved UG—/U list. 

SUBMINAX is the name given to the new line. 

There are twenty—two subminiature connectors of 

50 or 75 ohm impedance, available in push—on or 

screw—on coupling. So small that the entire 

line fits easily into the palm of your hand, 

SUBMINAX connectors are part of AMPHENOL's con— 

tinuing miniaturization and subminiaturization 
Programs. 

Hermetically sealed, solderless, potted -- many 

special RF connectors incorporated new design 

features developed by AMPHENOL engineers and in 

the months ahead will become generally available 

to the electronics industry. 

AMPHEN0 
AMERICAN PHENOLIC CORPORATION 

chiefly° 50, illinois 

In Canada: AMPHENOL CANADA LIMITED, Toronto 
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NEW SA25 
Microwave 

Spectrum Analyzer 

e 

• 

ACCURATE — Calibrated micrometer wavemeters . . . lifetime 
accuracy to .05( with incremental accuracy to better than 
.00”; independent of Klystrom changes. Transmission wave-
meters for maximum indication without "pulling-. 

RELIABLE — Double conversion for stability with maximum 
drift . . . standard replaceable klystrons . . . no complex har-
monic interference. Highly efficient circuits with minimum 
power consumption, designed for cool, continuous operation. 

ECONOMICAL — 99.8','; of all microwave research, development, 
production, test, installation and maintenance requires precise 
work in a specific portion of the microwave spectrum, usually 
only a few hundred megacycles wide. Compromise coverage 
of large areas costs more and delivers less. 
The SA25 Spectrum Analyser includes: 

• 5'; medium persistence CRT display. • Choice of 1. F. Amplifier. 
• Dual range sweep-2 to 20 or 6 to 60 CPS in two overlapping ranges. 
• Standard CRT bezel for camera or hood. 
• Improved frequency spread control. 
• New wavemeter marked gain control. 

25LI 
2051 
2051e 

800-2400mc 
2400-3650mc ,s 
2400-4040mc's 

800 mc/s to 10,250 mc/s 

ON FUNDAMENTALS 

K-Band Coverage to 40,000 Inds 

THE VECTRON 25 SERIES K-BAND MICROWAVE SPECTRUM 

ANARYZERS are complete, including a display unit, and R.F. 
assembly and a K-band mixer to cover the desired portions of 
the -K-Band" region of the microwave spectrum. 

Due to the relatively recent development of the equipment for 
use in K-band and the band's extremely broad range, it has been 
necessary to develop several assemblies to cover economically 
the most active portions of the spectrum-

SA2581  15.3 kmc/s to 17.7 kmc/s 
SA25K2  22.8 kmc/s to 26.4 kmc/s 

SA25KQ 1  34.0 kmc/s to 38.6 kmc/s 

SPECIAL K-BAND MIXER — R.F. ASSEMBLY COMBINATIONS pro-
vide coverage of other ranges from 12.4 to 40.0 kmc/s. 

Individual K-Band R.F. Heads may be purchased separately, or 
with the new Vectron SA25 Microwave Spectrum Analyzer. 

Interchangeable R.F. Heads Available to 40 kilomegacycles 
25C1b 
25Cla 
25C1 

4240-4910mc s 
4240-5900mc s 
5100-5900mc s 

25X2b 
25X2a 
25X2 

5700-6600mc 
5700-7425mc s 
6250-7425mc s 

25X1b 9500-10,250mc's 
25Xla 8500-10,250mc s 
25X1 8500-9660mc s 

25K1 15,300-17,700mc s 
25K2 22,800-26,400mc s 
25Kg1 34,000-38,500mc s 

vis'Y FtR the I.R.E. SHOW 
381-383 Microwave Avenue 

WRITE for Bulletin SA25 and 
Bulletins on R.F. Heads 

s-7-0,‘---->\ 

1-V-767---TROHM 
POTENTIOMETERS 

"Standard 
Units" 

E 0 "From 
Stock" 

48 STANDARD UNITS 
Now available . . . with more to come 

• Standard Components... from stock. 

• Standard Quality .... to meet all usual 
precision requirements. 

• Standard Prices . . . from our published price list. 

• Standard Specifications 

Sizes: W, 11/in", 2" diameters Rotation: 320° and 350° 

Linearity: from  1,40,0 Bearings: Sleeve and ball 
Overall Resistances: 10 to 100,000 ohms in 16 values 

for each diameter 
Temperature Coefficients of Resistance Wire: 

0.0002 parts per °C 

Starting Torque: from 1 inch-ounce 

Send for 
bulletin 
and 

price list 
TODAY 

NE WYEFIRON 

VFS 250 
Variable Frequency 

Power Supply 

FOR TESTING 

Airborne Electronic Equipment 
Airborne Electrical Systems 
Servo Amplifiers and Equipment 
Synchro and Selsyn Systems 
Transformers and Inductors 
Export and Foreign Equipment 

. • 

FOR POWERING 

Vibration Shakers 
Choppers and Vibrators 
Magnetic Amplifiers 
FOR CONTROLLING 

Synchronous Motors 
Processing Equipment 

• Full negative feedback networks for 
instantaneous voltage control. 

• Built-in two range stabilized frequency generator. 

• Grounded output with polarized receptacle for 
maximum safety. 

• Compact, semi-portable package for bench use. 

Output Power  S 250VA continuous 
at 100 to 130 V ( 300VA intermittent 

Output Frequency 45 2,000 cycles 
Output Voltage 0 130 Volts 
Output Regulation S to 1,000 cycles 

zero to full load t ± r/e to 2,000 cycles 
Line Regulation  j-+- maximum change 

at 250 VA for 105-125V input 

VET:IRON, inc. 
Îeeeeeonic ezedactia-eieeduznicat %€ 

402 MAIN STREET WALTHAM 54 • MASSACHUSETTS 

Send for 

Bulletin 

VFS 250 

TODAY 
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4Nirofessional Group leelings 

AERONAUTICAL AND NAVIGATIONAL 
ELECTRONICS 

The New York Chapter of the Profes-
sional Group on Aeronautical and Naviga-
tional Electronics met on December 16 
with R. J. Bibbero presiding. David S. Lit-
tle spoke on the electronic facilities of 
American Airlines at LaGuardia Field in 
New York. Afterwards, there was a tour 
which included the reservation input sta-
tions to Reservisor computer, the magnetic 
drum reservisor, automatic teletype, tower 
GCA, and airborne communications. 

ANTENNAS AND PROPAGATION 

On October 22 at the Western Society 
of Engineers Auditorium, the Chicago 
Chapter of the Professional Group on An-
tennas and Propagation met. James Eak-
ins, a development engineer at Motorola, 
presented a paper entitled "Propagation 
Loss Measurements at 450 mc Applied to 
Mobile Systems Engineering." 

The Philadelphia Chapter met on No-
vember 17 with R. P. Schwartz presiding. 
E. I. Hawthorne, University of Pennsyl-
vania, was the speaker. In his paper, 
"Shielding with Coated Glass on Thin Con-
ductive Surfaces," he presented a mathe-
matical analysis of the transmission of elec-
tromagnetic fields through thin conducting 
planes, infinite in extent. In particular, he 
considered two sources: a magnetic and an 
electric current element assumed normal to 
the sheet. The field along the axis of the 
source on the opposite side of the sheet is 
determined and compared with the field 
which would exist if the sheet were not 
present. 

A unto 

The Philadelphia Chapter of the Pro-
fessional Group on Audio met on October 
28 at the WCAU Studio. H. E. Roys was 
the presiding officer. Two papers were pre-
sented. J. E. Volkmann, of RCA, spoke on 
"Stero-Acoustic Principles." He discussed 
the basic acoustic principles involved in the 
recording and reproduction of stereophonic 
sound. Other types of multi-channel sound 
systems and loudspeaker placement for 
spatial sound effects were also described. 
R. C. Moyer, also of RCA in Camden, de-
livered a paper entitled "High-Fidelity 
Pre-Recorded Tapes." He reviewed the 
equipment and techniques which have 
been developed for the production of high-
fidelity pre-recorded tapes. Demonstrating 
both types, Mr. Moyer described mon-
aural half-trach tapes and dual-trach 
stereophonic recordings. 
At the Lovelace Clinic on November 23 

the Albuquerque-Los Alamos Chapter 
met. Frank McIntosh, of McIntosh Cor-
poration, was the speaker. Mr. McIntosh 
described and demonstrated the new Mc-
Intosh 200 watt audio amplifier. 

Harold Mull presided at the meeting of 
the Cleveland Chapter on November 29. 

(Continued on page 68A) 
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Contributing to the progress 

of Electronics ... 

BLUE RIBBON CONNECTORS 

One of the most striking developments at 

AMPHENOL since last year's IRE show has been the 

broadening of the popular Blue Ribbon line of 

connectors. The design of a unique polarization 

between the codtact barriers of matching 

connector types made possible four new basic 

connectors and a complete line of accessory 

hardware to fit them. 

Barrier polarized Blue Ribbons are now available 

in 8, 16, 24, and 32 contact inserts. With 

this new design the inserts are rectangular 

and are easily fitted in front shells and 

latch—lock cans. To facilitate side—by—side 

gang mountings the new shell and can connectors 

are fitted with alternate keyways that pr,4clude 

mismating when large numbers of connectors are 

mountLd together. The latch—lock cans are 

available with either side or end cable outlets. 

The unique spring—contact concept of Blue Rib— 

bons can be easily adapted to many shapes, sizes 

and applications. Circular Blue Ribbons for use 

in the warheads of guided missiles have been 

developed by AMPHENOL. Hermetically sealed Blue 

Ribbons were one of the first "specials" adapted 
from the standard line. 

AMERICAN PHENOLIC CORPORATION 
chicano 50, illinois 

In Canada: AMPHENOL CANADA LIMITED, Toronto 



From Original Engineering... 
From Original Engineering...and from its half-century of 

specialized skills and experience, Machlett once again creates new 

criteria of electron tube performance for high power electronics. 

Machlett is first again to offer significant, original 
design for high power triodes. It was six years 
ago that Machlett perfected a heavy duty power 
tube series—the first from any manufacturer. 
Accepted at once by equipment manufacturers, 
now universally used, these tubes were also 
paid the compliment of imitation. 

With the New Machlett Triodes 

COSTS GO DOWN 

Because filament power is reduced— 
up to 60% (enough, in many cases, to pay for the tube). 

Because tube life is longer— 
increases of over 100%, compared to conventional types. 

Because maintenance is cut— 
replacement minimized; cleaning simplified. 

Because handling costs are low— 
weight down 60 to 70% for air cooled types. 

With the New Machlett Triodes 

PERFORMANCE GOES UP 

Because plate and grid ratings are higher— 
broader range of operation is possible. 

Because safety margins are usefully increased— 
for thermal, mechanical and electrical ratings. 

Because lead inductances are very low— 
circuit parasitics are reduced by as much as 10-to-1. 

Because transconductance is high— 
plate efficiency is increased, grid drive reduced, 
stable performance assured over broadest loading range. 

The above tubes portray progressive evolution in electron 
tube design. Left, Type 892. uses long, high inductance 
electrode leads and large glass envelope—a design now 
over 35 years old. Center, Machlett developed, electrical 
equivalent, industrial ML-5668, has stronger, less induc-
tive internal structures, short glass envelope and sturdier 
seals, thicker anode with double heat dissipation capacity. 
Right, most modern tube, Maehlett's new ML-6422, uses 
cylindrical electrode supports for lowest inductance, great 
stability; large contact area terminals for great seal 
strength; close-spaced, prerit-ely-aligned electrodes for 
low drive and high efficiency; thick-wall anode for cool 
tube operation, high overload capacity; stress-free thori-
ated-tungsten filament for high load current, low heating 
power, and longer life. 

And Your First Cost is Only One Postcard—that's all it 
takes to write Machlett Laboratories for the full story of these 
premium design, rugged, coaxial triodes. Learn now what to 
expect of a modern power triode. 

MACHLETT LABORATORIES, INC. 
1063 Hope Street, Springdale, ConnecticLt 
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New Performance CIÏi1ã 

1955 

Available only from Maehlett Laboratories: Eight new rugged coaxial terminal 

triodes, with thoriated-tungsten filaments, and incorporating every proven design and 

production advance made by Machlett in its heavy duty electron tube experience. 

Power Output 5-10kW 10-15kW 15-20kW 25-40kW 25-50kW 

Water Cooled_  ML-6420 ML-6422 ML-6424 ML-6426 
Forced-Air Cooled  ML-6421 ML-6423 ML-6425 ML-6427 
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One big family 
with a single thought 

Whether you need terminals, clips, coils, 
chokes, capacitors — or any of a number 
of electronic components — you can be 
sure they're right if they're made by CTC. 
One continuing basic idea governs the 

manufacture of every CTC product. And 
that idea is: quality control. We could not 
guarantee our products as we do without 
a constant check of numerous details that 
determine reliable performance. Our qual-
ity control engineers see to it that these 
manufacturing standards are consistently 
maintained — from close scrutiny of raw 
materials right through to inspection of 
finished product. 

Pictured here are a number of com-
ponents available at CTC including our 

three kits. These components come in 
standard form and are also custom engi-
neered to meet your particular require-
ments. We would be glad to give you com-
plete details, including specifications and 
prices, on any or all CTC units — as well 
as information on how CTC components 
can be specially designed to solve your 
electronic components problems. 
You will find it well worthwhile to use 

components that are guaranteed. Write to 
Cambridge Thermionic Corporation, 456 
Concord Avenue, Cambridge 38, Mass. 
West Coast Manufacturers contact: E. V. 
Roberts, 5068 West Washington Blvd., 
Los Angeles 16 and 988 Market Street, 
San Francisco, California. 

CAMBRIDGE THERMIONIC CORPORATION 

makers of guaranteed electronic components, 
custom or standard 

SEE THE CTC COMPONENTS ON DISPLAY AT BOOTH 502, IRE SHOW, KINGSBRIDGE ARMORY, NEW YORK, MARCH 21- 24th. 

1 CTC Components shown include: A. capacitor; B. standard and insulated terminals; 
C. coil form kit; D. panel hardware; E. coil kit; F. RF choke kit; G. coil forms and 

coils; H. standard and custom terminal boards; I. shielded coil form; J. RF chokes; 

K. diode clips. 
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Now . . . complete protection in the 
production of transistors, vacuum 
tubes and delicate instruments under 
dust-free, low-humidity or inert gas 
conditions with LENNARD CONTROLLED ATMOSPHERE enclosures. Join 
Lennard Hoods together to form an adaptable, portable assembly 
line anywhere in your plant . . . regardless of dust or humidity con-
ditions. And best of all, Lennard means MINIMUM INVESTMENT, 
especially under the new " RENTAL-PURCHASE-PLAN." 

CHEM-INERT OPTICS 

FOR METER WINDOWS, INSTRUMENTS and LENSES . . . LEN X- I 
. . A thermoset transparent plastic with 40 times the abrasion 

resistance of acrylic materials. FOR U H F INSULATION, INSPECTION 
WINDOWS and COIL FORMS...LEN X-2 . . a transparent polysterene. 

FOR HOT FORMABILITY and IMPACT STRENGTH in INSTRUMENT WIN-
DOWS . . . LEN X-3 . . . a thermoset transparent plastic with excep-
tional abrasion resistance. FOR TEMPERATURES UP TO 450 F . . . 
LEN X-4 . . . an exceptional material with extraordinary chemical 
res istance. 

WRITE FOR FREE SAMPLES and PROPERTY DATA SHEETS. 

SPECIAL PLASTIC MOLDINGS 

• Injection • Compression • Vacuum Forming • Transfer • Fully-Automatic 

To fit your specifications — A complete molding service to fill all your 
needs . . . from G.P. Phenolics to rubber compositions, from Styrene to 
Kel-F. If cost and quality are factors . . . your source is undoubtedly 
LENNARD. 

We will immediately supply quotations upon any written request or 
drawings and specifications. The experienced engineering staff of the 
P.M. Lennard Co., the comprehensive plastics organization, is ever ready 
to assist you with your plastic problems. 

See it al! at . . . 
I.R.E. SHOW, BOOTH = 21, KINGSBRIDGE PALACE 

P. M. LENNARD CO., INC. 
312 Pine St. Jersey City 4, N. J. 

(Continued front page 63A) 

"An Experiment in Stereophonics" was the 
title of the paper delivered by S. J. Begun 
of the Clevite-Brush Development Com-
pany. 

On November 19 at the ‘Vestern Soci-
ety of Engineering Building the Chicago 
Chapter met. D. E. Weigand, Senior 
Physicist at Armour Research Foundation, 
spoke on "A Flux Sensitive Head for Re-
cording and Playback." 

BROADCAST AND TV RECEI‘ERS 

With High Christian presiding, the 
Chicago Chapter of the Professional Group 
on Broadcast and TV Receivers met on 
November 19. Samuel Tarantur of Ad-
miral Corporation spoke on "An Encoder 
for the NTSC Color Signal." 

On October 1 the Chicago Chapter met 
again at the Western Society of Engineers 
Building. Jack Bridges, of Zenith Radio 
Corporation, delivered a paper called "The 
Second Detector—A Determinant of Fringe 
Area Performance." 

BROADCAST TRANSMISSION SYSTEMS 

On October 1 at WEKB Studios, the 
Chicago Chapter of the Professional Group 
on Broadcast Transmission Systems met. 
G. M. Ives presided. Forming twelve 
groups, the chapter made a tour of facili-
ties at WBKB Studios. 

CIRCUIT THEORY 

The Los Angeles Chapter of the Pro-
fessional Group on Circuit Theory met on 
January 13. J. L. Barnes, Ramo-Wool-
dridge Corporation, spoke on "Three Di-
mensional Network Duality." and L. Wein-
berg, of Hughes Aircraft Company, dis-
cussed "Methods of Network Synthesis." 

With E. Mittman presiding, the Chi-
cago Chapter met on October 1 at the 
Western Society of Engineers Building. 
B. S. Parmet, of Motorola, spoke on "Com-
bined Plate and Cathode Video Compen-
sation Using Laplace Transforms." 

On October 22 the Chicago Chapter 
again met. Bernard S. Parmet presided. 
"Noise Sources in High Frequency Tubes," 
was the paper delivered by Robert Adler, 
director of Research at Zenith Radio Cor-
poration. 

The Philadelphia Chapter met at 
Towne School of the University of Penn-
sylvania on November 9. Sidney Darling-
ton of Bell Telephone Laboratories spoke 
on "Network Synthesis Using Tchebycheff 
Polynomials." Dr. Darling reviewed exist-
ing methods for the solution of the inter-
polation problem of network synthesis, as-
suming four-pole network realization. 
After discussing the relative merits of the 
procedures, he gave a detailed review of his 
work on network synthesis using Tcheb-
ycheff polynomials. 

On October 12 three papers were deliv-

(Centinued on page 72A) 
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TOMORROW'S DESIGNS ___ PRODUCTS TODAY! 

"len.Street Below Erie, Phila. 24, Pa. • CU 9-5500 • Radio, TV, Electronic Components 



NEW SYMBOL FOR SEMICONDUCTOR LEADERSHIP 

now...from Pacific 
Semiconductors 

new designs 

new techniques 

new p ance 

Back of Pacific Semiconductors' new diode design is a fresh 
approach based on experience ... over 145 man-years professional experience 

in the field of semiconductor electronics. Starting where others have left off, 
these pioneers in one of the decade's most promising electronic fields 

have developed a series of truly new semiconductor devices uniquely suited 
to the demands of today's airborne and computer circuitry. 

Experienced personnel and a thorough, continuing research and 
development program are your assurance of the most advanced design, 

combined with proven performance at levels heretofore unobtainable. Pioneering 
at PSI is not mere guesswork; it is based on thorough knowledge of 
each product and of the conditions under which that product is used. 

In the months and years to come, look to PSI ... Pacific Semiconductors, Inc. 
... for your requirements of gold bonded germanium diodes, silicon 

junction diodes and other important semiconductor devices. Inquiries are 
invited for both standard units and for the special characteristics 

constantly called for by advances in electronic design. 

High-purity silicon crystals are drawn in 
PSI's high frequency induction furnaces. 

X-ray diffraction orients crystals prior to 
slicing wafer for silicon junction diodes. 
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NOW AVAILABLE 

• GERMANIUM GOLD BONDED DIODES 

• SILICON JUNCTION DIODES 
in the new PSI diode package... 

designed around user requirentents 

'( k) CLIP- IN UNIT 

.020 LEADS ATTACHED CO-AXIALLY 

SUBMINIATURE UN ITN .020" COAXIAL LEADS 

/ SUBMINIATURE UNIT WITH .020" RADIAL LEADS 
/ 

/ 
/ / 

/ / PSI's revolutionary new package, with advantages 
not found ile any other yrommercially available diodes, was designed only 

aft/an exhaustWe survey of user requirements. Space limitations, environmental 
,/ demands, evA assembly procedures became factors in the final design. 

%he result: diodes with demonstrably superior performance, greater 
/ / versatiy, top all-around utility. 

/ 
/ 

*CHECK THESE BENEFITS... 

I. VERSATILE LEAD ARRANGEMENT... 
for maximum adaptability, diodes may 
be obtained in a variety of configura-
tions. 

2. GLASS-TO- METAL SEAL ... for posi-
tive moisture resistance, PSI uses a 
true fusion seal. 

3. WELDED CONSTRUCTION ... for 
greater strength and freedom from 
contamination; no low melting point 
solders are used. 

and your net benefit from all these 
features ... 

NEW STANDARDS OF 
RELIABILITY AND STABILITY 

PACIFIC 

Typical PSI Cold Bonded Diode Characteristics @ 25°C 

Forward 
Current 
@ 1v 
(ma) 

Inverse 
Current 
(pa) 

Inverse 
Working 
Voltage 
(volts) 

100 100 (-20v) 35 

35 10 (-50v) 80 

15 
25 (-50v) 

200 (-200v) 220 

Typical PSI Silicon Junction Node Characteristics 

• Es/Et 
(volts) 

Forward 
Current 

? malji 

Back Current 

at 25°C at 150°C 

30/29 80 .0114 (- 15v) sea (- 15v) 
55/53 40 .01pa (-30v) Spa (-30v) 

150/145 15 .01µa (- 75v) 514 (- 75v) 

300/290 5 .0111a (- 150v) 5tta (- 150v) 

a: The saturafon voltage (Es) Is measured at 500µa; the 
transition voltage (Et) is measured at 2011a. 
b: Recovery time: after switching from 5ma forward current 
to —40v for all these types, back resistance reaches or 
exceeds 501( In 1,usec. 

For complete product specifications, address inquiries to 
Dept. S 2 

SEMICONDUCTORS, INC. 
10451 WEST JEFFERSON BOULEVARD 

CULVER CITY, CALIFORNIA 
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PHOTOGRAPH ANY 
SCOPE PATTERN 

with tite 

-7P I IRC1 II ID 

Oscillo-Record Camera 
The Fairchild Oscillo-liecord camera will accurately record 
continuously varying phenomena as well as single transients 
and stationary patterns. Continuously variable electronic con-
trol of the film speed from 1 to 3600 inches per minute allows 
you to select the optimum speed for the greatest clarity and 
detail, without film waste. The entire length of the 35 mm. film 
(NO, 400 or 1,000 feet) can be run off continuously at any 
speed. The film is sprocket-driven so there is no slippage at 
any speed. 
The Oscillo-Record camera mounts directly on the top of 

the scope. No tripod is needed and the oscilloscope controls 
are always accessible. 

FOR IMMEDIATE EVALUATION of individual exposures the 
Fairchild-Polaroid«' Oscilloscope Camera is economical, fast, 

and convenient. The trace reads from left to right, and is 
exactly one-half size. Each 31/4 " x 41/4 " Polaroid print ( avail-
able in only 60 seconds) records two separate images. 

For more information, write Fairchild Camera and Instru-
ment Corporation, 88-06 Van Wyck Expressway, Jamaica, 
N. Y., Department 120-21H. 

41. 

OSCILLOSCOPE RECORDING CAMERAS 

(Continued fratn page 68A) 

ered to the Philadelphia Chapter. A. Pa-
poulis of BPI spoke on "The Displacement 
of Poles and Zeroes Due to Parasitic Cir-
cuit Elements," D. Sunstein of Philco 
spoke on "A New Self-Oscillating Fre-
quency Converter," and H. J. Woll of RCA 
discussed "An Analog Multiplier." 

COMPONENT PARTS 

The Philadelphia Chapter of the Pro-
fessional Group on Component Parts met 
on December 4 at the Engineers' Club. Dr. 
Leopold Pessel of RCA spoke on "Soldera-
bility." He emphasized the chemical and 
metallurgical factors affecting the ability 
of metal surface to torna effective joints 
with solders; a test method to evaluate 
solderability of surfaces on a numerical 
basis; the outlining of an industry-wide 
solderability standard, of particular value 
in improving the reliability of electronic 
equipment. A question period followed Dr. 
Pessel's paper. 

ELECTRON DEVICES 

At PEPCO Auditorium on December 1 
the Washington Chapter of the Profes-
sional Group on Electron Devices met. 
J. Howard Wright presided. A. W. Holt of 
the U. S. National Bureau of Standards 
delivered a paper, "The Diode Amplifier." 
After discussion of the paper and refresh-
ments, there was a short business session at 
which the following officers for the new 
chapter were elected: Chairman, J. How-
ard Wright; Vice-Chairman, H. D. Arnett; 
Secretary, Harold J. Peake. 

The New York Chapter met on No-
vember 18 at the General Electric Audi-
torium. A. K. King was the presiding of-
ficer. James M. Early of Bell Telephone 
Laboratories spoke on "Junction Tran-
sistors at Very High Frequency." 

The Philadelphia Chapter met, with 
B. T. Svihel presiding, on November 23. 
"Dielectric Amplifiers" was the title of the 
paper delivered by J. R. Horsch of General 
Electric Company. Dr. Horsch discussed 
the hysteresis characteristics of dielectric 
crystals and the principles of amplification 
by use of dielectrics. He presented the his-
torical background of dielectric amplifiers 
and showed the performance curves of 
typical present-day amplifiers. Future de-
velopment in this field, he said, is depend-
ent largely upon the demand for capacitors 
with better hysteresis curves. 

ELECTRONIC COMPUTERS 

On November 19, the Chicago Chapter 
of the Professional Group on Electronic 
Computers met with I. S. Lerner presiding. 
W. Flurzeig of the Institute of Air Weap-
ons Research spoke on the "Logic of Com-
puters." 

The Chicago Chapter also met on Oc-
tober 22. " Representative Problems in 
Operations Research" was the title of the 

(Continued on page 76A) 
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CHICAGO TELEPHONE SUPPLY 
eyteialiket 

ELKHART INDIANA 

Wierietlisis d'weisieir • lleeàà •Aeaffertion 

Y .Weir:deéà • iierrièrleel ./S96 

cont 
THE ONLY COMPLETE LINE FOR ALL COLOR TV APPLICATIONS 
1. SIZES—"dime size" to 2 1 2 " diameter. 

2. WATTAGES-2 10 watt to 4 watt. 

3. TYPES—carbon and wirewound with and without attached 
switch. 

4. MOUNTINGS—conventional bushing, twist ear and snap-

in bracket for printed circuits. 

5. TERMINAL STYLES—for conventional soldering, printed 

circuits and wire wrap. 

6. COMBINATIONS—an endless variety of tandems, both 

single and dual shaft. 

A CTS control can be tailored to your specific require-
ment. 

FURTHER DETAILS ON OTHER SIDE 



Ear mounted composition 
control. Simply twist two 
ears for rigid mounting 
Eliminates bushing and 
mounting hardware. 
Available with shafts for 
knob operation or for pre-
set applications with 
insulated or metal shaft. 
CTS type P45 with metal' 
shaft illustrated. 

Ear mounted tandem for 
preset applications. 
Combines panel space 
saving features of a con-
centric tandem with the 
economy of an ear 
mounted unit. Available 
in various combinations 
of composition or wire-
wound front and rear 
sections. CTS type P-C2-
45 with composition front 
and rear sections illus-
trated. 

High voltage control for focus 
applications. Rated up to 
5,000 volts DC across end ter-
minals and 2 1.2 watts de-
pending on total resistance. 
Will operate up to 15,000 volts 
DC above ground when 
mounted on insulated panel. 
CTS type 85. 

e- • 

ELKHART • INDIANA 

CHICAGO TELEPHONE SUPPLY 
evewiedian 

Miniature 3/4" "dime size" 
composition control. Con-
serves panel space at price 
comparable to larger size 
bushing mounted controls. 
CTS type 70. 

1 1 8" diameter composition 
control tor applications where 
ratings upto 3 4watt required. .(1:'-  
CTS type 35. 

Concentric shaft tandem con-
trol with conventional bush-
ing mounting. Designed for 
front panel dual knob applica-
tions, such as contrast and 
volume. Available in various 
combinations of composition 
or wirewound front and rear 
sections with or without on-
off switch attached to rear 
section. CTS type GC-C2510 
45 with wirewound fro 
section, composition rear 
sec,tion and on- off switch il-
lustrated. 

111 

wo watt wire-
wound available with oi with-
out center tap. CTS type 
P-254 with 

Higher Wattage Carbon 
Controls With Exceptional 
Stability Available 
• ONE WATT: Entire 45 

series 15 16" diameter line 
available with 90 series spe-
cial one watt military resist-
ance elements. 

• TWO WATT: Entire 35 
series 1 1 8" diameter line 
available with 95 series spe-
cial two watt military resist-
ance elements. 

TH ONLY COMPLETE LINE FOR 
ALL COLOR TV APPLICATIONS 
CTS also makes a complete line of controls for military, black and 

white TV, radio and other commercial applications. Consultation 

without obligation available for all your control applications. Write 

for complete catalog TODAY. 

EAST COAST OFFICE 

Henry E. Sanders 
130 North Broadway 
Camden 2. New Jersey 
Phone: Woodlawn 6-1668 
TWX No. Camden NJ 380 

WEST COAST OFFICE 

Robert A. Stackhouse 
928 S. Robertson Blvd. 
Los Angeles 35, California 
Phone; Crestview 4-5931 
TWX No. BEV H 7666 

SOUTHWESTERN U.S.A. SOUTH AMERICA 

John A. Green Company 
6815 Oriole Drive 
P.O. Box 7224 
Dallas 9. Texas 
Phone: Dixon 9918 

CANADIAN DIVISION 

C. C. Meredith & Co., Ltd. 
Streetsville. Ontario 
Phone: 310 

Jose Luis Pontet 
Buenos Aires. Arg -!ntina 
Montevideo. Uruq.Jay 
Rio de Janeiro. Brazil 
Sao Paulo, Brazil 

OTHER EXPORT 

Sylvan Ginsbury 
8 West 40th Street 
New York Hi, New York 
Phone: Pennsylvan,a 6-8239 

in ,-AeciiieeteÁlati4 eitoebieficn of Y'adezéle eWeàfVeià • ,iatenckei1896 



NOW FROM Tran5itron 
SILICON JUNCTION DIODES WITH 

SUPERIOR FORWARD CONDUCTANCE 

Operation up to 150 C 

Low Inverse Current 

  Sharp Zeiler Break 

=  Hermetic Sealing 

Transitron silicon junction diodes are 
specifically designed to meet exacting 
high temperature requirements. Com-
bining high forward conductance with 
very high inverse resistance, they pro-
vide improved circuit performance in 
many applications. Reliability is as-
sured through welded hermetic sealing. 

SPECIFICATIONS AND RA1INGS 

TYPE 

Forward Current 
at + 1.0 Volt 

(ma) 

Inverse Curl ent 
at Specified Voltage 

(u a) 

Maximum Reverse 
Working Voltage 

( volts) 

at 25°C at 125°C  

1N137A 3 .03 at 20V — 36 

1N138A 5 .01 at 10V — 18 

1N137B 20 .03 at 20V 5 at 20V 36 

1N138B 40 .01 at 10V 2 at 10V 18 

1N350 20 .03 at 60V 5 at 60V 70 

1N351 8 .03 at 100V 5 at 100V 120 

1N352 5 .05 at 150V 10 at 150V 170 

1N353 3 .10 at 200V 20 at 200V 225 

1N354 1 .10 at 300V 20 at 300V 325 

Types 1N200 through 1N222 as well as special 
types, inelmling Zener regulators, are also 
available. Your inquiries are invited. 

VISIT BODTH 580 AT THE I.R.E. SHOW, MARCH 21-24 

Tra n5itron 
n electroic corporation 

otelrose 76, massachusetts Glass Diodes 

• u. 

SEND FOR 
BULLETIN 
TE1322 

Silicon Diodes German.um Diodes Transistors Silicon Rectifiers 
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NOW 

FROM Tranetron 
AC1UAL 
SUE 

Silicon 
POWER 

Rectifiers 
for 
Operation 

Tran5itron 

1125°C 

electronic corporation 
melrose 76, massachusetts 



"C3--

1C3--

0C3--

Reliability at High Temperatures 

High Power Handling Ability 

Negligible Leakage Current 

No Forward Aging 

High Conductance 

Miniature Size 

Hermetic Sealing 

Transitron's silicon rectifiers meet the 

long felt need for reliable and efficient 

power rectification at high temperatures. 

Overcoming the basic limitations of sele-

nium, germanium, and the vacuum tube, 

they provide, trouble-free operation over 

wide ambient temperature ranges. 

These rugged rectifiers offer major sav-

ings in both size and weight in any high 

temperature application. 

VISIT BOOTH 580 AT THE 

I.R.E. SHOW. MARCH 21-24 
SEND FOR 
BULLETIN 
TE1321 

600 

1115°0 
É. 400 

300 

2200 
ico 

TYPICAL FORWARD OLUMCTERISTKS 

ITS 312 1 III 334 

AUK{ 13 YURI» 
OFTWIIM -551 •11S°( 
AMOUR 1111111U1111 

5 1 15 20 25 
FORWARD VOLTAGE (VOLTS) 

TYPICAL INVERSE CHARACTERISTICS. 

100 200 300 400 500 600 
INVERSE vCLTAGE ¡VOLTS) 

nws 111 332 01333 

TYPICAL POWER SUPPLY OIARAMRISDCS 
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MUM RIVI KR 
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o 
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111341 
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010111 113151MICI . Ct 

1110•1201 AUK Ill 
WW1 WIRER 

ClISSAI -SS% AIM •12.5° AIM 

200 300 400 500 600 700 800 
OUTPUT CURRENT (1.1 MA. 

SPECIFICATIONS AND RATINGS AT 125°C 

POWER SUPPLY TYPES 

TYPE 

Peak 
Recurrent 
Inverse 

Voltage 
( volts ) 

Maximum 
Average 
Forward 
Current 
(m a) 

Maximum* 
Average 
Forward 
Voltage 
( volts) 

Maximum* 
Average 
Inverse 
Current 
(m TYPE 

MAGNETIC AMPLIFIER TYPES 

Peak 
Recurrent 
Inverse 
Voltage 
(volts) 

1N341 
1N342 
1N343 
1N344 
1N345 
1N346 

1N347 
1N348 
1N349 

400 

400 
300 

300 
200 
200 

100 
100 
100 

400 
200 

400 
200 
400 
200 

1000 
400 
200 

3.0 

3.0 
3.0 

3.0 

2.5 
2.5 

1.0 
2.5 
1.0 

.5 

.5 

.5 

.5 

.5 

.5 

.5 
.5 
.5 

Special silicon rectifers, or combinations, are available to 
meet specific requirements. Your inquiries are invited. 

1N332 
1N333 

1N334 
1N335 

1N336. 
1N337 

1N338 
1N339 

1N340 

400 

400 

300 
300 
200 

200 
100 
100 
100 

Maximum 
Average 
Forward 
Current 
(ma) 

400 
200 

400 
200 

400 
200 

1000 
400 
200 

Maximum' 
Average 
Forward 
Voltage 
( volts) 

Maximum` 
Average 
Inverse 
Current 
(ma) 

1.5 

3.0 
1.5 

3.0 
1.3 

2.5 
1.0 

1.3 

2.5 

.10 

.10 

.10 

.10 

.05 

.05 

.10 

.05 

.05 

•Averaged over one cycle for full wave choke input 
with Rectifier operating at full rated forward current. 

circuit 

Glass Diodes Diodes Silicon Diodes Germanium Diodes Transistors Silicon Rectifiers T 
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TYPICAL — HYVOIL M TO 85*C 

CAPACITANCE CHANGE 

VS. TEMPERATURE 
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PAPER TUBULAR performance... 

EROU011 
Type P84 CM 

:KAASU AAJL 
Duramics (Aerovox Type P84 CM) combine quality and economy 
for engineers and designers seeking performance above that of 
conventiona' tubulars. Consider these features: 

• Encased in dense steatite-grade ceramic tubing. 

• Newly developed thermo-setting end-seals firmly 
adhere to ceramic tubing and wire terminals. Will 
not soften or flow, over unusually wide tempera-
ture range. 

• Terminal lead wires will not work loose or pull out, 
under most severe operating conditions. 

Ceramic casing and end-seals provide exceptional 
protection against humidity, 

• Rated temperature range of —55° C to + 85° C. 

• Withstand a 250-hour humidity-resistance test as 
per REC-118 

• 

Ask for Bulletin NPA 200. And let us 

quote on these "Best in Paper Tubular" capacitors. Also on any and all 

your capacitor requirements. 

AER°VC" CORPORATION 

N14) ACME 

DIVISION IllECTRONICS, INC 
OLEAN TIF MONFDIVIA CALIF 

NEW BEDFORD, MASS. 

CINEMA 

INGINEERiNG CO 
BURBANK CAL 

11110Y t CROWLEY & CO 
WEST ORANGE N .1 

In Canada: AEROVOX CANADA, LTD., Hamilton, Ont. 
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paper delivered by Allan Butterworth, 
Assistant to the Director of the Institute 
of Air Weapons Research_ 

The Los Angeles Chapter met on No-
vember 18 and Willis Ware was the presid-
ing officer. Erwin Tomash, Remington 
Rand West Coast Representative, spoke 
to the gtoup on " DS-63, A New Business 
Data Processing Machine." "Patent Law 
In Engineering" was the name of the 
paper delivered by Samuel Lindenbert. 

On October 27 the Detroit Chapter met 
at the General Motors Research Center. 
Roy Hock was the presiding officer. D. E. 
Hart, General Motors Research, spoke on 
the computing facilities at the center. He 
also demonstrated the IBM 701. 

At the Franklin Institute on November 
16 the Philadelphia Chapter met. Bernard 
M. Gordon, Vice-President of EPSCO, 
delivered a paper entitled, "Process Con-
trol with Operational Digital Techniques." 
Mr. Gordon explained how digital-analog 
simulators combine the advantages of digi-
tal precision, analog simplicity and flexi-
bility. 

The Philadelphia Chapter also met on 
October 19; T. H. Bonn was the presiding 
officer. There were two speakers. A. W. 
Vance, of the Sarnoff Research Center at 
RCA, spoke on "Development of a New 
Large-Scale Three Dimensional Analog 
Simulator." " Digital Computers for Real 
Time Simulation" was the subject dis-
cussed by Morris Rubinoff of the Moore 
School of Electrical Engineering. 

ENGINEERING MANAGEMENT 

The Chicago Chapter of the Profes-
sional Group on Engineering Management 
met on November 19 with Marvin Quat-
• man presiding. "What Keeps an Engineer 
Out of Management" was the subject dis-
cussed by Charles W. Blahna of Motorola. 

On December 3 the Philadelphia Chap-
ter met. Irven Travis of Burroughs Cor-
poration spoke to the group on "New 
Product Planning and the Implementation 
of New Product Goa!s as They Affect En-
gineering Management." Dr. Travis pre-
sented the engineering management's 
problems in new product planning, empha-
sizing the need to have engineers under-
stand the sales viewpoint and the need to 
express engineering viewpoints to non-en-
gineers as lucidly as possible. 

The Washington Chapter met on No-
vember 22 at the National Science Foun-
dation. Karl Keller, Assistant Manager of 
Westinghouse Electric Corporation, de-
livered a paper on "Control of Inventory," 
and Robert Cheek discussed " Decentral-
ized Project Engineering Management." 

J. E. Stiles, Vice-Chairman of the 
PGIE, presided at the meeting of the Chi-
cago Chapter. Joseph Gardberg, of the 
Teletype Corporation, spoke on "An Elec-
tronic Scale Control System." 

76. 
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Professional Group IleeHugs 

(Continued from page 76A) 

INFORMATION THEORY 

The Albuquerque-Los Alamos Chapter 
of the Professional Group on Information 
Theory met on December 8 with John 
McLay presiding. C. H. Bidwell was the 
speaker; he delivered a paper called "Sit-
nal To Noise Problems in L-3 Coax De-
velopment." 

INSTRUMENTATION 

On October 1 the Chicago Chapter met 
at the Western Society of Engineering 
Building. F. L. Moseley, President of F. L. 
Moseley Company, delivered a paper en-
titled "An X-Y Recorder, Curve Follower, 
and Data Plotter." 

M EDICAL ELECTRONICS 

The Connecticut Valley Chapter of the 
Professional Group on Medical Electronics 
met on October 21. John H. Heller, Direc-
tor of the New England Institute of Medi-
cal Research, spoke to the group on " Medi-
cal Electronics." 

The San Francisco Chapter met on De-
cember 2 with Lee B. Lusted presiding. 
"Medical Aspects of X-Ray Microscopy" 
was the name of the paper presented by 
E. M. Miller, Professor of Radiology at the 
University of California Medical School. 
H. H. Pattee and Paul Kirkpatrick, Re-
search Associate and Professor, respec-
tively, in the Department of Physics at 
Stanford University, jointly presented 
"Physical and Electronic Techniques in 
X-Ray Microscopy." 

MICROWAVE THEORY AND TECHNIQUES 

On November 17 the Philadelphia 
Chapter of the Professional Group on Mi-
crowave Theory and Techniques met at 
the Towne Building of the University of 
Pennsylvania. R. P. Schwartz was the pre-
siding officer. D. R. Crosby of RCA spoke 
on "Theoretical Gain of Microwave Re-
flectors." He described the physical behav-
ior of reflectors from the field point of view. 

NUCLEAR SCIENCE 

On October 27 at Mitchell Hall the Al-
buquerque Chapter of the Professional 
Group on Nuclear Science met. R. D. Jones 
delivered a paper to the group entitled 
"Control Applications of Proton Magnetic 
Resonance." 

The Connecticut Valley Chapter met 
on November 23 at the Underwater Sound 
Laboratory. J. E. Basset presided and 
T. S. Gray was the speaker. He presented 
a paper called "Electronic Nuclear Instru-
mentation." 

On October 1 the Chicago Chapter met 
at the Western Society Building. R. C. 
Goertz, of Argonne National Laboratories, 
spoke to the group on "Remote Manipu-

(Continued on page 100A) 

Aerovox H-P CERAMIC POWER 
and Transmitting Capacitors 

Take advantage of that "New Look" in your electrpnic power assemblies! 
These ceramic-dielectric capacitors serve heavy-duty functions heretofore 
limited to mica types. H-P Ceramic Power Capacitors are particularly suited 
for broadcast, radio-communication, radar and similar assemblies; for indus-
trial high-frequency equipment; for medical appliances, etc. 
In both disc ("double-saucer") and cylindrical ("tubular") ceramic-dielectric 
bodies. Space- and weight-saving from 50% to 90% over corresponding 
micas. Competitively priced. 
Also: Ease of mounting; ease of wiring in series or parallel; very low induct-
ance connections; exceptional immunity to hunidity, heat, cold, atmospheric 
pressure; wide range of designs, sizes, capacitances, voltages. 

Get the FACTS! 

DIVISIO 

Let our engineer-specialists collaborate in 
adapting these H-P capacitors to your 
equipment for that " New Look." Literature 
on request. 

AEROVOX CORPORATI on" 
„wee, N.Y. 

AEROVOX 
CORPORATION 

NEW BEDFORD, MASS. 

ACME 
ELECTRONICS, INC. 
MONROVIA, CALIF. 

CINEMA 
ENGINEERING CO. 
BURBANK, CALIF. 
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FOR HIGH RELIABILITY 

THE NEWEST in G.E.'s wide germanium rec-
tifier line is the 1N315. Specifically de-

signed for high operating temperatures— 

up to 85 ° C.—and for low reverse current. 

(Note: The 1N315A exceptionally 

low-leakage design is also available.) 

Ideal for use in magnetic amplifiers or 

other circuits where low-leakage cur-

rent is important. Write today for 

details. General Electric Company, 

Section X5235, Germanium Prod-

ucts,ElectronicsPark,Syracuse.N.Y. 

Production quantities are 
now available! 
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AT HIGH TEMPERATURES... 

NEW G-E GERMANIUM 
JUNCTION RECTIFIER 

SPECIFICATIONS FOR 1N315A 

(Resistive or Inductive Load) 

55°C 71 °C 85°C 

Maximum Allowable Peak Inverse Voltage 200 200 100 V 

Maximum Allowable D-C Output Current 100 100 100 ma 

Maximum Full Load Forward Voltage Drop .48 .46 .44 V 

Continuous Reverse Working Voltage 150 100 50 V 

Minimum Forward to Reverse Current Ratio 2000 800 500 
(Average Forward/Average Reverse at Full Load) 

Maximum Operating Frequency ( 70% Rectification 50 50 50 KC 
Efficiency) 

Storage Temperature 95 95 95 °C 

eTell your secretary to 

mark the calendar now. 

See the G-E Germanium 

MARCH 
Sun Mon Time Wed Thu Fri Sat 

1 2 3 4 5 
6 7 8 9 10 11 12 
13 14 15 16 17 18 19 
2021 22 24 25 26 
27 28 29 

Products Exhibit at I.R.E. Convention, 

Booths 192 and 194 at Kingsbridge 

Armory, N.Y.C. March 21st to 24th. 

Progress /s Our Most important Product 

GENERAL ELECTRIC 
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TRIAD 
ISOLATION 

TRANSFORMERS 

AVAILABLE FROM STO 

ATIOUR TRIAD JOB 

olation Transformers 

cially designed for is 

ry test equipment.. 

n of line disturbanc 

e of undesired grou 

The ideal for use in s 
Such  onstruction featu 

'Cinatite' reatment, libera 

quaky m erials and stati 

opti m performanc 

Type List V. A. Input Output 
Na. Price Output Volts Volts 

N-51X S 5.95 35 115 115 

N-52M 32.50 350 115 95-100- 105-
With switch 110-115- 120-
and meter 125-130 

N-53M 12.75 85 115 115 

N-54M 14.30 150 115 115 

N-55M 25.30 250 115 115 

N-57M 40.75 500 115 115 

N-59M 67.20 1000 115 115 

111-60 130.00 2000 230/115 230/115 

ISpecial case. 

TTRANSFORMER CORP. dilhb 

Ca 

55 Redwood Ave., %% coin, 

:::2111111111.1111111.1e>>), 

lam 

c 
o 

from 6 giants to half-inch midgets 
When you need coils . . whether it be just a few for research 
and development or huge quantities for volume production 
. . . you'll find your needs right up B&W's alley. Regardless 
of size or type . . . from 6' x 48" variometer type loading coils 
down to half-inch miniductors, both shown above. 

And you'll value the top coil performance you get, based on 
two decades of specialized manufacture. B&W's twenty years 
of experience stems from the commercial manufacture of the 
world's first air-inductor through single layer solenoid coils . . . 
universal units with single, multiple pie, or progressive wind-
ings . . . r-f, i-f, and oscillator coils . . . traps, discriminators, 
toroids, filters, r-f and delay line chokes. 

Wherever your coil requirements lie, you'll find Barker & 
Williamson ready, willing, and able to solve them. Write now 
for complete information on B&W coil development and manu-
facturing facilities. 

Barker St Williamson, Inc. 
237 Fairfield Ave., Upper Darby, Pa. 

SEE US AT THE I.R.E. SHOW-202 Instruments Aveh ,, 
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NEW BOOKLET AVAILABLE! 
Contains complete information on Q-max RF 
Lacquer. Call or write for your copy, today. 
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A-27 LACQUER 
America's finest coil lacquer... the accepted 

standard for VHF and UHF service. 

• REGISTERED 

TRADE NAME 

aetiosokéearit* ?mid/wee 
STATE HIGHWAY 79, MARLBORO, NEW JERSEY - TELEPHONE: FREEHOLD 8-1880 
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ANNOUNCING An Improved UHF 

Discoidal Feed-thru Capacitor 
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Discoidal vs. Tubular Feed-thru Ceramic Capacitors 

Allen-Bradley Discoidal Type   

Representative Tubular Type . 

The "Ideal" Capacitor   

Curve A— 1300 MACE at 1 KC Actual 
Curve B-1600 MAU at 1 KC Actual 

Curve C-1400 MME at 1 KC Actual 
Curve D-1500 DAME at 1 KC Actual 

Curve E-1000 MME at 1 KC 
Curve F-2000 FAME at 1 KC 

Feed-thru filtering . . . to prevent high frequency stray cur-
rents from passing from shielded areas over the power sup-
ply circuits . . . is a " must" in television receive- s, radar, 
and other high frequency equipment. 

The new Allen-Bradley discoidal feed-thru capacitors trap 
such stray currents by providing a low resistance path thru 
the shield for power currents and a low impedance coupling 
to the shield for diverting undesirable, high frequency 
currents. 

Because these tiny discoidal capacitors (over-all length-
23/32 in.) are so well constructed, you need not wo-ry about 
breakage which might result from assembly line handling, 
contact with soldering irons, and thermal shock incurred in 
soldering operations. 

In the frequency range between 100 megacycles and 1000 
megacycles (VHF and UHF television), tubular type feed-thru 
capacitors have been found unsatisfactory because of paral-
lel resonance effects resulting in high " coupling impedances." 
Allen-Bradley discoidal feed-thru capacitors do not exhibit 
such resonance effects at frequencies of 1000 megacycles 
or less. 

The absence of these parallel resonance effects and Ihe rela-
tively high capacitance values with resultant low coupling 
impedances make Allen-Bradley discoidal feed-thru capaci-
tors ideal for ultra high frequency television receive, applica-
tions. Measurements have shown improvement in filtering of 
more than 20 db through their use. 

You should be interested! Write for Bulletin 5420 covering 
feed-thru and stand-off capacitors. 

Allen-Bradley Co., 114 W. Greenfield Ave., Milwaukee 4, Wis. • In Canada—Allen-Bradley Canada Limited, Galt, Ont. 

See Allen-Bradley exhibit at IRE Engineering Show—Booth 794 

ALLEN-BRADLEY 
RADIO, ELECTRONIC AND TELEVISION COMPONENTS 
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Upgrade Focus Quality 
without 

Upgrading Costs 

The new Glaser-Steers Economy Model Focuser 

makes available to the set manufacturer a 

means of obtaining all the advantages of magnetic 

focus at costs comparable with any other method. 

REPRESEPHATIVES: 

William A. Franklin 
3 Holly Road 
North Syracuse, New York 

Now in Mass Production for the Industry's Leaders 

GLASER-STEERS Corporation 
Manufacturers of Magnetic, Acoustic and Electronic Devices 

20 Main Street, Belleville 9, New Jersey 

Plymouth 9-7474 

Henry D. Sarkis & Co. 
6560 Sheridan Road 
Chicago, Illinois 

Perlmuth-Colman & Associates 
2419 South Grand Avenue 
Los Angeles, California 

In Carmelo, 

Glaser-Steers of Canada, Ltd. 
99 Wragg Street 
Trenton, Ontario 



SPECIFICATIONS 

INPUT 
20 to 35V DC 

at approx. 5 ma. 

OUTPUT FREQUENCY 
400 or 500 cycles 

Type 20071 
-I- —.02% from — 65 ° to 85'C. 

Type R2007T 
+ —.002% from -I- 15 ° to -F- 85°C. 

Type W20077 
+ —.005% from —65 ° to -I- 85 °C. 

OUTPUT VOLTAGE 
5 volts, sine wove. 

Substantlially uniform 
from —65 ° to + 85 °C. 

INTERNALLY SHOCK MOUNTED 
on Silastic 

MAGNETICALLY SHIELDED 

HERMETICALLY SEALED 

OCTAL BASE 

SIZE 
41/2 " x Pi" diameter 

WEIGHT 
7 ounces 

LIFE EXPECTANCY 
several times that of vacuum tubes 

COMPLETE INFORMATION ON REQUEST 
PLEASE SPECIFY TYPE 2007T 

FREQUENCY 
STANDARDS 
These units, which are the result of several years of development 

and testing, offer a new standard of simplicity and reliability. 

Particularly noteworthy is the uniformity of output signal voltage 

with temperature change. Small size and light weigh make them 

ideal for airborne and portable use. 

For applications where only higher B voltages are available, a 

simple voltage reducing circuit may be used. 

American Time Products, Inc. 
580 Fifth Avenue New York 36, N. Y. 

MANUFACTURING UNDER PATENTS OF WESTERN ELECTRIC COMPANY 
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ICROWAVE 
NAL Complete coverage of 

ii the range 950-10,800 mcs /sec. 

ERATORS 
with Polarad single dial operation 

Four new Microwave Signal Generators covering the range 950-10,800 mcs/sec. All with 
famous Polarad single dial operation. Each provides the maximum working range possible in 

one compact signal generator. And, additional Polarad Signal Generators are available to cover 12.8 to 39.7 kmc. 
These features on all MSG units assure fast and simple operation: direct reading, single dial frequency control that tracks reflec-

tor voltages automatica;ly ... direct reading attenuator dial ... conveniently placed controls, in logical sequence . . . high visibility 
on the face of each instrument. 

Polarad Signal Generators are built to the same high standards required for military equipment. They are practical for the factory 
assembly line—engineered ventilation assures continuous and stab:e operation of all instrument functions. Components are readily 
accessible for easy maintenance. And laboratory accuracy is guaranteed under the most rigorous operating conditions. 

Write directly to Polarad or your nearest Polarad representative for details. 

Frequency Range 

Frequency Accuracy 

Power Output 

Attenuator Range 

Attenuator Accuracy 

Output Impedance 

Input Pawer 

Internal Pulse Modulation: 
Pulse Width 

Delay 
Rate 

Synchronization 

Internal FM: 
Type 
Rate 

Synchronization 
Frequency Deviation 

External Pulse Moda ation: 
Polarity 

Rate 
Pulse width 

Pulse separation 

Output Synchronizing Pulses: 
Polarity 

Rate 
Voltage 

Rise time 

Size I Approx. weight 

...., _ 
lc 6 4 * é W * 
GD è 
• 

MSG-1 

i 4 4 * * * W 

G.) 40 ilk 
ne 

***** * e• 
, 

G; • VS te 
. ei) op 
e fii 

tpeo,e, . 

MSG-3 

950-2400 
MCS/sec. 

2150-4600 
MCS/sec. 

4450-8000 
MCS/sec. 

6950-10,800 
MCS/sec. 

(Frequency set by means of a single directly calibrated control) 

±1% 4-1% 4-1% +1% 

1 MW 1 MW .2 MW .2 MW 

120 db 120 db 120 db 120 db 

4-2 db 4-2 db ±2 db 4-2 db 

50 ohms 50 ohms 50 ohms 50 ohms 

115V4-10% 
60 cps 

115V+10% 
60 cps 

115V-1-10% 
50-1000 cps 

115V+10% 
50-1000 cps 

0.5 to 10 microseconds 
3 to 300 microseconds 
40 to 4000 pulses per second 
Internal or external, sine wave or pulse 

! 

Linear sawtooth 
40 to 4000 cps 
Internal or external, sine wave or pulse 
+2.5 MCS 4-2.5 MCS 4-6 MCS ±6 MCS 

Positive or Negative 
40 to 4000 pulses per second 
0.5 to 2500 microseconds 
(For multiple pulses) 1 to 2500 microseconds 

Positive, delayed & undelayed 
40 to 4000 pps 
Greater than 25 volts 
Less than 1 microsecond 

17" long x 131/4 " high x 151/4 " deep I 60 lbs. 17" long x 15" high x 191/2 " deep I 100 lbs. 

',ble—MSG 4A: 6,950-11,500 MCS/sec. 

"THE FINEST SIGNAL GENERATORS OF THEIR KIND"rolad ELECTRONICS CORPORATION 
43-20 34th STREET • LONG ISLAND CITY 1, N. Y. 

REPRESENTATIVES • Albuquerque • Atlanta • Baltimore • Boston • Chicago • Cleveland • Fort Worth • Kansas City • Los Angeles • New York 
Philadelphia • San Francisco • Seattle • St. Paul • Syracuse • Washington, D. C. • Canada, Arnprior—Export: Rocke International Corporation 
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B-NOBATRONS 
(high-voltage, low-current, regulated DC supplies). 

Designed to meet the broadest technical and 
economical requirements. The internal imped-
ance figures given are from measurements in 
accordance with IRE specifications for measure-
ment of power supply internal impedance. 

ELECTRICAL CHARACTERISTICS 

Model 37555 56085 50085 60011 1000ss 

,sc, 0 323 0,500 0 500 0000 2001000 

okdoo, we) 0,125 0 200 0 300 0 300 0.300 

Roo «ewer, 03. :03o -10 25 11e -,- 0 Y. 

tpel• ?MV..S1 3 me, 5 -um 5 mom 3,. 20 mum 

lie. ....ply 1voc el 0.5 Me/ 0.150 0 150 0150 0150 none 

1s.l 20,fl.,, 2 0 ohms 1 0 oldns 1 0 ohms 2 0 ed., 

OC,npul rot,. Iseeo—, le) 105125 105125 105125 103125 105123 

AC were, IC T, on, 1 03 of 6 3 e1 é 3e. 63 — — — 

10 emp 10 amp. 10 amp, 15 oM11 

MO. bd. ddeim .mpedence 25000 23000 »COO 50000 

O.11^. 6.1". ..11 .11,11 

Model E-6-15A 

NOBATRONS (Reg. U.S. Pat. Off.) 
(low-voltage, high-current, regulated DC sources). 

Provide stability comparable to batteries and 
eliminate recharging interruptions, fume and 
acid hazards, installation difficulties. 

Models available (numbers indicate voltage 8 
current) E-6-5A, E-6-15A, E-6-40A, E-6-100A, E-12-5, 
E-12-15, E-12-50, E-28-5, E-28-10, E-28.30, E-28-70, 
E-28-150, E-48-15, E-125-10, E-200-5. 

ELECTRICAL CHARACTERISTICS 

Input 95-130 VAC, 50-60 cycles. 
120/208, 3ib, 4-wire wye for 
the E-28-150. The E-28-70 re-
quires 190/260, 10 power. 

Reg. accuracy -L0.2% against line, = 0.2% 
against load. 

Ripple Varies to 1% RMS max. under 
worst conditions. 

Load range 1/10 to full load. 
Output range Adjustable = 10%; down to 

20% at lesser accuracy. 
Recovery time 0.2 seconds on all models up 

to 1 KW rating, increasing to 
0.5 seconds at 10 KW. 

Note: "A" models output either 6 or 7 volts. 

the reliable single source 
The descriptions and specifications given here are necessarily 

brief. For further information, please send for catalogs, mention-

ing the instruments in which you are particularly interested. 

AC REGULATORS (electronic). 

Utilizing the original Sorensen circuit and 
incorporating the Safety Diode, these regula-
tors are noted for accuracy, economy of opera-

tion, easy maintenance. Models available with 
capacities from 150VA to 15KVA, single phase. 

Models available ( Numbers denote VA capacities) 
150S, 250S, 5005, 10005 (-25 also), 20005, 3000S 
(-25 also), 50005 (-2S also), 10000S (-25 also), 
150005 (-25 also). 

ELECTRICAL CHARACTERISTICS 

Input 95-130 VAC, 10‘ 50- 60 cycles. 
190-260 VAC in "-25" models. 

Output 115 VAC adj. 110-120; 
230 VAC with "-25" models. 

Reg. accuracy =0 1% against line, 
=0.1% against load. 

P.F. range 0.95 leading to 0.7 lagging. 
Distortion Varies to 3% max. 

under worst conditions. 
Load range 0 to full load. 

Model MVR30 

ISOTRANS (magnetic voltage regulators). 

These magnetic voltage regulators ore tubeless, 
give utmost reliability with good regulation. 
Very compact, they are ideally suited for 
incorporation as components. Available in 
capacities of 15, 30, 60, 120 VA. 250, 500, 
and 1000 VA models in design. 

ELECTRICAL CHARACTERISTICS 

Input 95-130 VAC, lib, 60 cycles. 

Output 115 VAC nominal, 10. 

Reg. accuracy =0.5% against line. 

Load range 0 to full load. 

TUBELESS REGULATED DC SOURCES 
Designed for heavy-duty industrial applica-
tions, these instruments utilize magnetic 
amplifier principles and offer the utmost in 
reliability. 

ELECTRICAL CNARACTERISTICS 

Model 16665 MA640 MA2850 

Input (VAC, 60) 105-125, 11, 105-125, 1V 190-230,30, 

4-wire, Wye. 

Output (VDC) 6, odj. 71-10% 4.5-7.7 adj. 23-32 adj. 

Load range 03 snip. 0-40 sop. 3-50 amp 

Ripple 1,4 TO, 1% max. 3% max. 

Reg, accuracy t1.0% for any combination of line and load. 

  tirne 0.2 sec. 0.15 sec. 0.5 sec. 

HERMETICALLY SEALED 

& MILITARIZED REGULATORS 

REGULATED DC POWER 

The wound components of many Sorensen 
instruments can be hermetically sealed by the 
Fosterite process or by standard potting. 
Sorensen also builds equipment to meet MIL-T-
27 and JAN specifications on resistance to 
shock, vibration, humidity, etc., as well as to 
the new class H type high temperature design. 



Model F15015 

FILTER SECTIONS FOR NOBATRONS 

The ripple voltage of all Nobatroirs is 1% of 
the nominal output voltage setting, under 
worst conditions. This is adequatu for most 
applications. If, however, less ripple is required, 

filter Sections are available for use with units 
rated up to 50 amperes, which will reduce the 

ripple to 0.1%. 

TUBELESS DC SOURCE 

Sorensen has developed a combination tube-

less DC power supply and precision voltage 
source that is now being applied both as a 
laboratory bench instrument and as an 

incorporated component in other products. 

The voltage source is line regulated and 
designed for specific loads, with the voltage 
output adjusted to specific customer require-
ments. Input range is 95-130 VAC, 1o, 60 

cycles. 

Model SR2 

NOBATRON-

RANGERS 

(wide- range-
variable regulated 
DC sources). 

These versatil-
and popular 
instruments have 
electrical 
characteristics 
similar to the 
standard 
Nobatrons, 
except that 
output voltage 

is continuously 
adjustable. 

ELEC7RICAL CHARACTERISTICS 

Input 95-30 VAC, lis, 50-60 cycles 
for SR30 and SR100 
190-260 VAC, 10, 50-60 cycles 
for the SR2. 

Reg. accuracy • 0 25% at any voltage setting 

Ripple 1% RMS max. 

Output Model 5R100 SR30 SR2 
VDC 5-135 5-30 100-300 
Amps 1-10 3-30 1-10 

0 0 

Model DE-28-10 

400-CYCLE INPUT NOBATRONS 

These instruments are not normal production 
items but are available on an extended 

delivery schedule. 

ELECTRICAL CHARACTERISTICS 

Output voltage Model DE-6-40 — 6 VDC at 
and 4 to 40 amperes. 

load range Model DE- 12-10 — 12 VDC at 
1 to 10 amperes. 

Model DE-28-10 — 28 VDC at 
1 to 10 amperes. 

105-125 VAC, 1i,4360-440 
cycles 

2=0.25%. 

1% RMS maximum. 

0.2 seconds. 

Input voltage 

Reg accuracy 

Ripple 

Recovery time 

Since it pioneered the field years ago, Sorensen has been the acknow-
ledged leader in electronic power control. Its standard line includes a 
wide variety of instruments in a broad range of capacities to meet 
practically any need. Standard items can usually be delivered quickly 
in reasonable qupntities. Sorensen invites your inquiries concerning 

speci=1 instruments to meet unusual conditions. 

YWAsehb for regulated power needs 

400-CYCLE AC REGULATORS 

AC LINE REGULATION 

These instruments are available in capacities 
of 250VA, 500VA, 1200VA, and 2500VA. 

ELECTRICAL CHARACTERISTICS 

Input 

Output 

Reg accuracy 

Distortion 

P.F. range 

95-130 VAC, 400 cycles 
10%. 

115 VAC, 1, adj. 110-120. 

• 0.5% against line, ± 0.5./0 
against load. 

5% maximum. 

0.95 leading to 0.7 logging 

See the Sorensen line at the IRE Show — Booth 646, Circuits Avenue 

Model VRS-AC10 

AC VOLTAGE SOURCES 

These instruments provide highly stable AC 
voltage for many laboratory uses such as the 
d rect calibratipn of voltmeters and oscillo-

scopes. 
ELECTRICAL CHARACTERISTICS 

Model Model 
V85-AC 10 VRS-AC 750 

105-125 VAC, 10 

50-60 cycles; 
also to 400 
cycles with 
minor loss 
of accuracy 

10 my to 10 v 
3 ranges 

Input voltage 

Input frequency 

Output voltage 

Calibration ± 0.1% 
accuracy 

Reg accuracy 

Distortion 
•generated by 

int•rtempntl 

60 cycles ±.5 

in 1-799 v in 1 v 
steps 

± 0.25% with 
line; ±0.25% 
with load of 
.5 megohm or 
higher 

negligible 1% maximum 

overall 
accuracy 
±0 .10 0 

SEE NEXT PAGE 

PRECISION AC REGULATORS 
(electronic . 

Giving ultra-precise, -± 0.01% regulation, these 

instruments are rugged and serviceable, as proved by hundreds of applications in the 

field. Models available with capacities of 

1000VA and 2500VA. 

ELECTRICAL CHARACTERISTICS 

Input 95-130 VAC, 10, 50 and 60 
cycles. 

Output 115 VAC, 1,», adj. 110-120. 
Reg. accuracy ±0.01% against line, -±0.01 1:1', 

against load. 

Distortion 3% maximum. 
P.F. range 0.95 leading to 0.7 lagging. 

Load range 0 to full load. 



for regulated power needs 

400-CYCLE FREQUENCY 
CHANGERS 
ELECTRICAL CHARACTERISTICS 

Input 95-130 VAC, 10, 50-60 cycles 
for 250 VA instrument; 208 
or 230 VAC -2_10%, 10, 50-
60 cycles for 1000 VA. 

Output voltage 115 VAC, adjustable ±-10%. 
Output frequency 400 cycles, adjustable -±10%. 

Reg. accuracy Voltage — 
Frequency — ± 1.0% in stand-

ard model, ±-0.01% with 
auxiliary frequency stand-
ard. 

Capacity 0-250 VA in FCD250; 0-1000 
VA in FCD1000. 

FREQUENCY CONTROL 

Sorensen electronic frequency, changers convert 50 or 60 cycle line to 

400 cycles regulated or 60 cycles regulated. These instruments have 
found manifold uses in laboratories, production lines and inspection 
sections. 

CALIFORNIA — Hollywood 28 
Gerald B. Miller Co. 
1550 N. Highland Ave. 
Phone Hollywood 2-1195 

CALIFORNIA — Son Francisco 
Gerald B. Miller Co. 
1334 Old County Rd., Belmont 
Phone Lytell 3-3438 

COLORADO — Denver 3 
Hytronic Measurement Associates 
446 Broadway 
Phone Sherman 2501 

CONNECTICUT — Bridgeport 
Yewell Associates ( Peter Lahana) 
1101 East Main Street 
Phone 66-0000 

D. C. — Washington 9 
Herman Associates ( F. L. Harmon) 
2017 S. Street, N.W. 
Phone Decatur 2-8000 

FLORIDA — Fort Myers 
Arthur H. Lynch 8 Associates 
P.O. Box 466 
Phone 5-6762 

GEORGIA — Atlanta 
Floyd Fausett 8 Son 
777 Pinehurst Terrace, S.W. 
Phone Raymond 3104 

ILLINOIS — Chicago 39 
Loren F. Green 8 Associates 
4949 W. Diversey Avenue 
Phone National 2-2370 • 

60-CYCLE 

FREQUENCY 

CHANGER 

(Model FC1000) 

ELECTRICAL CHARACTERISTICS 

Input 208 or 230 VAC, ±-10%, 10, 
50-60 cycles. 

Output voltage 115 VAC, adjustable -±10%. 
Output frequency 60 cycles, adjustable 45-65 

cycles. 
Reg. accuracy Voltage — 

Frequency — -2:1.0% in stand-
ard model, -2:0.01% with 
auxiliary frequency stand. 
ord. 

Capadty 0-1000 VA. 

AIRBORNE ELECTRONIC FREQUENCY CHANGERS 
AND INVERTERS 

Sorensen has designed and built a wide variety of frequency changers 

and inverters for incorporation in military aircraft. These instruments 

meet a great many different specifications and are not considered stand-

ard instruments. Each customer requirement is quoted on individually. 

For the most part, the changers convert variable (320-1000--) input 

power to precision (±0.05%) output frequency. Most models are also 

voltage regulated (± 1%) with minimum distortion (5-10%). 

Sorensen airborne inverters are built to convert 28 VDC input to 400. 

cycle, 3-phase output, with output frequency accurate to 0.05% over 
wide ambients. 

Sorensen's wide experience with commercial and military frequency 
changers may well supply the answer to your precision frequency prob-
lems. Your inquiries are earnestly solicited. 

COAST-TO-COAST 

The authorized Sorensen representatives listed below are at your service. Do not 

hesitate to call on the one nearest you for advice on regulated power requirements. 

KENTUCKY — 
H. A. Watson, Jr. 
817 Citizens Bldg., 
Cleveland 14, O. 
Phone Tower 1-1947 

MASSACHUSETTS — Boston 
Yewell Associates ( Paul G. Yewell) 
751 Main Street, Waltham 
Phone Waltham 5-7420 

MICHIGAN — Detroit 
S. Sterling Company 
15310 W. McNichols Road 
Phone Broadway 3-2900 

MISSOURI — Kansas City 30 
Harris-Hanson Co. ( R. C. Bacon) 
7916 Paseo Ave. 
Phone Hiland 6744 

MISSOURI — St. Louis 9 
Harris-Hanson Co. 
(Harold H. Harris) 
5506 South Kingshighway 
Phone Flanders 1-5584 

NEW JERSEY ( Northern) 
RMC Associates ( Chas. Sergeant) 
114 East Main Street, Bogota 
Phone Diamond 2-5343 

NEW JERSEY ( Southern) 
I. E. Robinson Co. ( Leon Levy) 
702 Mattison Ave., Asbury Park 
Phone Allenhurst 3-2402 

NEW MEXICO — Albuquerque 
Gerald B. Miller Co. 
327 Wyoming, S.E. 
Phone 5-6466 

NEW YORK — New York 
RMC Associates ( Robert Asen, 
Milton Lichtenstein) 
170 East 80th Street 
Phone Trafalgar 9-2023 

NEW YORK — Syracuse 2 
J. D. Ryerson Associates, Inc. 
412 E. Genesee Street 
Phone Syracuse 76-8344 

NORTH CAROLINA — Charlotte 
James L. Highsmith 
P.O. Box 1011 
Phone 5-6436 

OHIO — Cleveland 18 
S. Sterling Co. 
4040 Mayfield Rd. 
Phone Evergreen 2-4114 

OHIO — Dayton 2 
Charles D. Boehme 
Talbott Building 
Phone Fulton 8188 

OREGON — Portland 14 
James L. Kearns Company 
902 Weatherly Bldg. 
Phone Empire 2444 

PENNSYLVANIA — Harrisburg 
I. E. Robinson Co. 
37A Thomas St. 
Phone Harrisburg 8-9054 

PENNSYLVANIA — Philadelphia 
I. E. Robinson ( Ivan E. Robinson) 
7404 W. Chester Pike, 
Upper Darby, Pa. 
Phone Flanders 2-7017 

PENNSYLVANIA — Stroudsburg 
I. E. Robinson Co. 
P.O. Box 68 
Phone 1519 

PENNSYLVANIA — Pittsburgh 
H. E. Ransford Co. (Sam Coombs) 
Grant Building 
Phone Grant 1-1880 

TENNESSEE — Knoxville 
A. R. Hough Co. 
P.O. Box 1452 
Phone Knoxville 7-6660 

TEXAS — Dallas 5 
Earl W. Lipscomb Associates 
P.O. Box 8042 
Phone Elmhurst 5345 

TEXAS — Houston 
Earl W. Lipscomb Co. 
2422-A Rice Blvd. 
Phone Linden 9303 

WASHINGTON — Seattle 8 
223 Administration Bldg. 
Boeing Field ( Box 63) 
Phone LA 4503 

HAWAII — Honolulu 17 
Gene Piety 
2030 Home Rule St. 

CANADA — Vancouver 5, B.C. 
Frederick Goertz, Ltd. 
1170 Hobson St. 
Phone Tatlow 5377 

CANADA — Toronto 10, Ontario 
Charles W. Pointon 
6 Alcina Ave. 
Phono Oliver 7984 

SORENSEN & CO., INC., 375 FAIRFIELD AVE., STAMFORD, CONNECTICUT 

WRITE FOR LITERATURE Sorensen's general catalog No. 254 is yours for the asking. Catalogs and engineering 
data sheets are also available for the AC Magnetic Voltage Regulators and the AC 

and DC voltage sources, all of which have been brought out since publication of the 

general catalog. Inquiries about special regulation problems are welcome. Address they 

Sales Engineering Department, Sorensen IC Co., 375 Fairfield Avenue. Stnnifeirel 
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Ci Histor7 

As King of Israel in the 10th Century B C., King 

Solomon made many foreign alliances and his reign 

was eminently peaceful. He erected the famous 

Temple at Jerusalem. Solomon's wisdom has long been 

proverbial throughout the world. 

, 

It has long been considered wise to consult with Kings about connector 

problems. Throughout the world, in all industry, aviation and electronics, 

engineers specify Kings Connectors for their most particular 

requirements. For Kings merges competitive production ability with 

basic research to give you the best in "solid contact" connectors. 

You'll be glad you called on Kings first. 

MHOS Ceetiteeettel CO., INC. 
4 0 MARBLEDAlf ROAD TUCK AFOF 7 NY 
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One of a series telling 
how the producing companies of 

General Precision Equipment Corporation 
are contributing to America's progress. 

precision technology 
GPE Coordinated Precision Technology is the basic GPE operating policy which 

inter-relates the research, development and manufacturing facilities, techniques 

and capabilities of the producing companies of General Precision Equipment 

Corporation. Thus each company's specialization in its particular areas of compe-

tence is supplemented by the application of the resources of the other companies, 

wherever relevant. A diversified line of advanced precision equipment of superior 

design and performance has resulted from this application of the newest and most 

advanced techniques possessed among the companies in every technical capacity. 

e.g. in 

ELECTR O  
NICS 

Ten of the 

GPE Producing 

Companies work in this important field. 

These companies were "born in electronics" 

and pioneered in its development before the 

word was coined. Their work covers every 

phase of electronics and GPE coordination re-

lates each new electronic problem to the spe-

cialized knowledge and experience which is 

most valuable. This secures the optimum solu-

tion for the customer with minimum expendi-

ture of time and money. 

GPE Producing Companies have been re-

Keorfott X- band test Set, 
frequency range 8,500 to 
10,000 MC; a unique all-
purpose portable radar 
test set, comprising a 
power monitor, spec-
trum analyzer, wave-
meter and signal gen-
erator which supplies an 
accurately calibrated 
signal of known level 
with variable amplitude 
and pulse-width com-
binations. Also provides 
FM, square wave and 
CW output. 

Most advanced technological products 
which utilize electronics also call for other 

advanced technological skills. Though space 

allows only for an outline of GPE's work in 

electronics, both the capacities chart on the 

sponsible for the research, development and 

manufacture of a wide range of electronic 

precision components, equipment and systems, 

including Theatre Sound Systems, Sonar 

Equipments, Flight Simulators, Industrial 

Control Systems, Analogue Computers, Dig-

ital Computers and Components, Industrial 

and Studio Television, Navigation Systems— 

both airborne and marine. GPE systems, in 

most instances, are advanced concepts, often 

employing components specifically developed 

for the purpose by one of the GPE companies. 

Of the great number, two are shown. 

Librascope X-Y Plotter and 
Recorder; automatically 
displays data derived 
from punch cards, me-
chanical or electronic com-
puters or sensing ele-
ments; features rapid 
graphic 2- axis display 
with provision for 10-
fold scale expansion and 
zero suppression. Used 
in aero-dynamic and 
electronic research, as 
well as in mass data re-
duction systems for bus-
iness and industry. 

facing page and most of the products men-

tioned above serve to suggest the broad coor-
dination of technical capacities in all fields 

which exists as a result of GPE Coordinated 

Precision Technology. 

Address inquiries to: GENERAL PRECISION EQUIPMENT CORPORATION 
92 GOLD STREET, NEW YORK 38, NEW YORK 

AMPRO 

%twelves:, 
AMPRO CORPORATION 

CHICAGO 

IAVIAT:ON INC LINK eve" 
LINK AVIATION INC, THE STRONG ELECTRIC 
KINGHAMION, N t CORPORATION-TOLEDO 

ASMA NIA 

(Ri)eozAre1COINPAN7  

ASKANIA REGULATOR 
COMPANY- CHICAGO 

BLUDWORTH MARINE 
NEW YORK 

LIBRASCOPE, INCORPORATED 
GLENDALE, CALIFORNIA 



Other Jeffers Products 

ceramic capacitors • disc capacitors 
high voltage condensers • capristors 

Other Speer Products 

for the Electronics Industry 

anodes • contacts • resistors • iron cores 
discs • brushes • molded notched* coil forms 
battery carbon • graphite plates and rods 

' Patented 

All wound up 
trying to make your own 

R. F. Choke Coils? 

Standardize on Jeffers 
7-7? B.E Choice Coils-

save time, labor 
and expense 

Now you can stock a wide range of R. F. choke coils 
just as you do resistors, capacitors and 
other similar components. 

Jeffers Electronics is ready to deliver to you a 
complete line of R. F. choke coils with the widest 
range of inductance values available. No longer 
do you have to waste time, labor and money on slow, 
tedious hand assembly from miscellaneous forms, 
wires and coatings. 

Instead you receive a standardized product from 
Jeffers, completely assembled and ready for use. 
Coils that are well made, too. Insulated copper wire 
instead of bare wire for windings ... husky, molded 
jackets instead of those fastened by glue. All 
windings are soldered to leads . . . shorted 
end-turns completely eliminated. 

Why not give Jeffers R. F. choke coils a try on your 
next order? Write today for our specification sheets. 

Jeffers Electronics Division 
Speer Carbon Co. 
Du Bois, Pennsylvania 

Other Divisions: Speer Resistor, International Graphite & Electrode 

\\ I I \ \\ I I I \H\ 1.1 › t:NS l'1.1.1.\SV \It \ \ i'l‘ CI I, /\, I III 



Typical characteristics of some of the units in mass production by Norden-Ketay 

400 and 60 cycle Servo Motors. 
High torque to inertia servos 
are available as small as a 
penny and up to Size 23. 
Torques of 0.1 in. - oz. to 7.5 
in. - oz. 

TWO PHASE SERVO MOTORS 
MIN. POWER 

GOVT. TORQUE NO LOAD PHASE NO. RATED CONTROL EXCITATION  
TYPE DESIG FRAME AT STALL SPEED AT STALL OF PHASE 
NO. NATION SIZE FREQUENCY I IN OZ.) ( MIN.) (WATTS) POLES PHASE SERIES PARALLEL  

K402390 10  400  .3 6500 3.1 6 26 26 (1)  
K402350 10  400  .13 9800 3 4 18 18 II)  
K402300 MK 14 MOD 2 11 400  .60  6200  3.5 6  115 115  57.5  
K402370 MK 14 MOD 3 14 400 .63 6200  4.6 6 115 180  90  
KI01600-6 MK 7 MOD 0 15 400 1.45 4800  6.1 II 115 115  57.5  
1001660 MK 7 MOD 1 15 400  1.45 4800  6.1 8 115  115  57.5 
KI01650-5 MK 7 MOD 2 15 400 1.45 4600 6.1 8 115 230  115  
K402150 15  400 1.3 6200  6.1 6 115 26'41)  
K101720 15 400  1.4 5000 7 115 115 57.5  
K402470 15 60 1.3 1600  6.1 4 24 2411)  
K402380 15 60 1.45 3200 6.1 2 115 115 57.5 
K402560-1 MK 8 MOD 2  18  400 2.35 4800 9.29.5 8 115 282 141  
K402550-I MK 8 MOD 0 18  400 2.35 4800 9.1 8 115 115  57.5  
/(101780  18 400 1.4 9800 98 4 115 nem  
K402550-2 MK 8 MOD 1 iï 400 2.35 4800 9.1 8 115 115 57.5 
K402600 18 400 1.8 9800 18/8 4 115 115 57.5  
113E1Y 23  60 7 3300 16 2 115 115 57.5  
11381YI 23 60 7 3300 16 2 115 230 115 

CeNNI photo Flaring only ono winding. 

(1) Also for 115 or 230 operation on control phase. 
*Denominator refers to control phase excitation. 

Synchro Transmitters for use in position indicating 
(torque) systems and data transmission ( control) 
systems. 60 and 400 cycle models, and sizes from 
10 to 37 are available. Electrical accuracies of 7 
min. in standard units. 

SYNCHRO TRANSMITTERS 
GOVT. VOLTAGE ELECTRICAL 

TYPE DESIG. FRAME RATING ACCURACY 
NO. NATION SIZE FREQUENCY FUNCTION (YAC) MAX. ERROR  

1(101570 10 400 Control Differential Transe,. 11.8 10.5 zo. SPD.  
K101550 10 400 Control Transe,.  26 11.8 ze SPD.  
10IB2A IICX4a 11 400 Control Transm. 115 90  
101B2A1 IICX4a-26V II 400 Control Transe,. 26  11.8  
10IB21 11 400 Control Trans!, 26 11.8 20' SPD.  
105B2A I5CX4a 15 400 Control Transm.  115 90 -  12'  
105H2A 15CDX4a 15 400 Control Differential Toone, 90 90 -'- 10' 
105G2A 15TDX4a 15 400 Torque Differential Transm. 90 90   -  
1(101480 15 400 Torque Differential Transan. 11.8 11.8 20' SPD.  
1(101420  15 400 Torque Trans's, 26 11.8 20' SPD. 
K101400 15 400 Torque Transm.  26 11.8--  20' SPD.  
KI01350 15 400 Control Differential Transm. I 1.8 11.8  20' SPD.  
106M2A 16CXB4A 16 400 Control Transe,. 115 90  _._ 12'  
108818 113CX6A 18 60 Control Trams, 115 90 
10882A 18CX4A 18 400 Control Transe,. 115 90 ---- 
108H1A IBCDX6 18 60 Control Differential Trans', 90 90 • I o'  
108G2A 18TDX4a 18 400 Torque Differential Transe,. 90 90 • 10' 
108H2B 111CDX4a 18 400 Control Differential Transe,. 90 90 • 8 -
I 09M2A 19C)(84a  19 400 Control Transe,.  115 90 
112A1B I HG •• I 60 Torque Transe,.  115 90 -18' 
113H2B 23CDX4a 23  400 Control Differential Transe,. 90 90 - If-
I 13G2A 23TDX4o 23  400 Torque Differential Transrn. 90 90 
113F2B 23TX4a 23  400 Torque Tronsm.  115 90 
113825 2.''sCX4a 23 400 Control Transe,.  I I S 90 
II 3F1A 23TX6o 23 60 Torque Trans',  115 90 • 8'  
1138IA 23CX6a 23 60 Control Transe,.  115 90 
113G1B 23TDX6a 23 ao Torque Differential Transm. 90 90 
11 3HI A 23CDX6o 23 60 Control Differential Transe,. 90 90 
12IFIA 3ITX6 31 ao Torque Transe,. 115 90 
12IG1A 317DX6 31 60 Torque Differential Transm, 90 90 
12IF2B 31TX4a 31 400 Torque Differential Transe,. 115 90 
12IG2B 3170X4 31 400 Torque Differential Transe,. 90 90 
121F2C 31 TX4C 31 400 Torque Transrn, 115 90 

**Diameter same as size 23 units 

Frame size indicates approximate diameter in tenths of inches 

Write for additional copies of this bulletin No. 355 for your catalog filos. 

Synchro Receivers are used with Nor-
den-Ketay synchro torque transmitters 
in position indicating systems. Accura-
cies of one degree or better are avail-
able in 60 and 400 cycle units, and in 
sizes from 10 to 37. 

SYNCHRO RECEIVERS 
GOVT. VOLTAGE RECEIVER 

TYPE DESIG. FRAME RATING ERROR 
NO. NATION SIZE FREOUENCY FUNCTION (YAC) (MAXIMUM) 

KI01540 10 400 Torque Receiver 26/11.8 n•-1 1/..°  
-TO5C2A I5TR4o 15 400 Torque Receiver 115/90 ± 1.0° 
K101430 15 400 Torque Receiver 26 11.8 ± 1.0' 
106K2A 1671984 16 400 Torque Receiver 115 90 n•- 1.0° 
108CIC IBTR6a 18 60 Torque Receiver 115 90 1.0° 
108C2B 113TR4a 18 400 Torque Receiver 115 90 , 1.0° 
109K2A 19TRB4a 19 400 Torque Receiver 115 90 :-• 1.0° 
112A1C IF '9'91 bü Torque Receiver 115 90  
I I3C2A 2319.4a 23 400 Torque Receiver 115 90 -- 1.0' 
113C1B 23TR6o 23 60 Torque Receiver 115 90 1.0 
121CIA 3Í1R6 31 60 Torque Receiver 115 90 ±- 1.0° 
12111A 3ITDR6 31 60 Torque Differential Receiver 90 90 
12111C 3ITDR6S1 31 60 Torque Differential Receiver 90 90 Ill 
121C28 3ITR4a 31 400 Torque Receiver 115 90 ±0.8° 
121128 31TDR4 31 400 Torque Differential Receiver 9090 ±0.8° 
12IC2C 31TR4C 31 400 Torque Receiver 115/90 -L-0.8° 

(1) Pigtail Unit Sensitiritv 10' 

*(1) 31TDR6S1-Pigtail Unit, Sensitivity 10' 

Norden-Ketay Induction Motors 
are available in sizes 18, 20, and 23 
frames. Three phase, 2 pole; 2 
phase, 4 pole; and 3 phase, 2 pole 
models for 60 cycle operations are 
available. 

INDUCTION MOTORS 
GOVT. MINIMUM MINIMUM 

TYPE DESIG. FRAME OPERATING NO LOAD STALL TORQUE 
NO. NATION SIZE FREQUENCY DUTY VOLTAGE SPEED I RPM1 10Z. IN.I  

011940 le 60 Continuous 3 Phase 115 V, 3300  3  
E11590 1G-60 20 60 Intermittent  2 Phase 115/40 1500 2.7  
E11600 IF.60 **I 60 Intermittent 3 Phase 115 V. 3400 16 

Norden-Ketay offers precise tachometer generators for 60 and 400 
cycle excitation. Units with linecrity of 0.1% are available in pro-
duction quantities. Zero speed voltages are held to 5 millivolts in 
phase, 5 millivolts quadrature, and 15 millivolts third harmonic. 

Norden-Ketay also offers servo motor driven tachometer generators 
with or without integrally mounted gear trains. Built for extreme am-
bient requirements, these units assure dependability and long life. 
Special requirements and adaptations can generally be supplied. 

MOTOR DRIVEN, TACHOMETER-GENERATORS 
"'For motor characteristics applicable to these units, see corresponding motors as indicated. 

NULL LINEARITY MAXIMUM ROTOR 
KFTAY GOVT. POWER OUTPUT VOLTS (WITH RESPECT SPEED FOR MOMENT 
TYPE DESIG. INPUT VOLTS ta o R., M. TO VOLTAGES LINEAR OF 
NO NATION (WATTS) TZ 1000 R.P.M. FUND. MAX. (a 1000 R.P.M.) OUTPUT INERTIA  

_II) 105P2C   5.4 3.2 R.M.S. .025 • I%  4500 5.26 GM.CM.' 
(2) 105P2D 5.4 3.2 R.M.S. .025  • I% 4500 5.26 GM.CM:' 
IU) (05P2C1  MK 12 MOD 0  5.4 3.2 R.M.S. .008. • 1%  4500 5.26 GM.CM.' 

(2) IOSP2D1 MK-I 2 MOD-I-  5.4 3.2 R.M.S. .00é  • I% 4500 5.26 GM.CM.' 
13) 108P2A Mk 16-MOD 0 5.4 3.2  R.M.S. .008  • 17. 4500 5.73 GM.CM.' _ 
141108P2G MK 16 MOD 2 5.4 3.2 R.M.S. .008 • 17. 4500 5.73 GM.CM.'-' 

•II KI 01600.6 121 51015a0 IIIKII02560-1 ICI 5402550a 

Norden-Ketcty pancake synchros, with maximum thickness as little as 
0.5 in. or less, are available for applications where minimum thickness 
is essential, as in gyro pickoffs. Control transmitters, control trans-
formers, and resolver models are available. 

PANCAKE SYNCI IRO 

KETAY INPUT INPUT INPUT VOLTAGEO 
U T AC CURACY 8.14335 ANCGUURLAR TYPE NO FUNCTION VOLTAGE CURRENT POWER  

8-14335 CX4 Synchro Control Transmitter 26 V, 400 CPS  155 Ma. 2.1 W. 11.8 V. -•- 20'  
11-14336 CT4 Synchro Control Transformer 26 V, 400 CPS 80 Mo. 1.0 W. 11.8 V. --t-20' 

0.4 V./Deg.  

B.14335-I CX4 Synchro Control Transrrutter 115 V, 400 CPS 80 Ma. 5.1 W. 90 V. -±-20'  
D-I3718 Synchro, Resolver 40 V, 900 CPS 6 Mo. 40 V. -±.207. 

Used with Norden-Ketay synchro control transmitters in closed 
cycle servo systems, Norden-Ketay synchro control transformers 
develop a voltage gradient of one volt per degree of system error. 
They are available with null voltages as low as 60 millivolts total 
and 30 millivolts fundamental and with accuracies as great as 6 min. 
in standard models which match Norden-Ketay synchro control 
transmitters. 

TYPE SYNCHRO CONTROL TRANSFORMERS 
VOLTAGE ELECTRICAL 

KIONIO660 NDARTS I GOVT.I OG N- FSRIAZEME FREQUENCY  

KI01530  

10 400 MAACXCUERRARCOVR 

30' SPD. 1226 1111..88 
10  400  

310011AA22sK  II 400 
9101.81 V(1.4pVe; per deg, 

2240: SSPPDD:  

105A2A KI01300 I ICT4a II  400  15 400 • 10' 

1(101750 15CT4a  15 400 21: Ss9P0D.. 15 400 921106011112:628. per deg.  
15' SPD.  

1(101300-20 
106L2A 15 100 I 6CTB4a 16 400 90 1 V. per deg. • 10'  

D11(402100 17  400 13.4 10 V. per deg.  

110°8AI2BA 18  60 90 1 V. per deg. -ire'  
8A 18  400 90 I V. per deg. -±- 8'  109L2A 1188cCT36.6o 

19CTB4o 19 400 90 1 V. per deg. -±13' 
19CTB6a 19 60  90 I V. per deg. ±- 8'  

112AIA 90 I V. per deg. -± 1 HCT ••1 60 18'  
110913AL12B0 

23 400 -± 6' 
23CT6a 113A1A 23CT4o 23 60 90/1 V. per deg.  

90 '-± 1 V. per deg. 6.' 
(I) Lino« Synchro 

(1) High Impedance unit 
(2) Linear synchro 
(3) When used as control transmitter 26/11.8 VAC 

Norden - Ketay Resolvers ... from 
Coarse -1- 0.2% to Precision 

... for use in computers, 
radar sweep circuits, phase shift-
ers, and accurate data transmis-
sion systems. 

SYNCHRO RESOLVERS 
TOTAL NULL 

FRAME ANGULAR VOLTAGE MAX. VOLTAGE DISTANCE MAXIMUM 
TYPE AT TEST TEST IMF!ÉIMICE RATING RETWEEN AN3G00sLpADR. 
NO. (1)1(101590 NDGAEOTsTOGTN.. SIZE FREQUENCY VOLTAGE VOLTAGE OHMS IVAC1 NULL VOLTAGE ACCURACY  

30' SPD.  
10  400 K101580-5  200 MV 26/12 2380/67.7° 50 MV 26 26 11.8 90° • 5' 
10  400  560/62°  

110011DD22cA 11 400 2266 2121.8 90 15' • 10'  11 400 60 MV 26 1510'71 ° 
60 MV  26 440 76° 26 11.8 90 15 • 10'  

105D2C I5RS4L 15 400 685 8 25 MV 26  92206/n9110  0 6 1.8 90 10' 20' SPD. 

KI(110011450 
15 400 50 MV 26  2000 721:5* 68 90 10' 40' SPD. 

340 (2) 105D2A2 15 400 50 MV 26 12 465  61.3 ° 26'11.6 990 5: n 0120' ,".PD. 
15  400 10 MV 10 3280 82.1°  

121105021(1 MK 4 MOD 0 15  (2) 105D2K2 15  15 MV 15 400 15 'MV 15 890 78 ° 26 26 90 S'  • 0.17.  
400  890 78° 

220266-63 0222666 90 5'  • 0.15%  
90' 5'  • 0.207.  11221111005,DDro3 15 400 23 MV 15 
90 5'  • 0.27.  105D2Z 15 1000 (Test' 30 MV 24 (498)592004.66228;. 
90 20'  -• 20'  105D9E 15 400 40 MV 26 

15 500 75 MV 50 15,000 (Tuned) 945005,945005 90 S'  - 0.157.  
- 113D1F 23RS6A 30 MV 24 90 90 90 5'  •.27.  23 60 

113D2G 23RS4A 

90 ,90 

23 400  60 MV 60 90 5' -•.27.  
113D1D 23RS6 23 60 60 MV 60 570 79° 

II: 330037 2 23RS4 23 400 752283045/:868031 °: 
975 86° @ 10V 8 16 9900 55: •. :2277.  

I:1:333;333;2 23 400 60 MV 60 
8 

975 86° @ 10V 308;3106 90 • 5' - 8'  

1130353 23 400 8 90' 7' 15'  
23 350 16 MV 

90' 5' • 8'  30 3200.86' 
23 350 53320000 MM1 14'  4 ,. f% l' %1 I 30 3200 86° 3300//3300 90 • 5' • 8'  

90 • 7' • 15'  23 350 30 3200 86° 
• 131 11302P1 23 SOO SO 1.4ï1- 50  7000 50/50 90 • 5' 5'  

_i2131111)330022PR21 23Rs4D 961/9500 90 • 5'  • 10'  23 500 SO MV 50 7000 
90 2.5'  • 0.057.  i2)113D2R2  30 MV 60 3000 86 -

90 '90 
23 400 

90 5'  • 0.10%  
I 13DI B 2312565 113031 23 400 3600 MV 2604 340°80 7886°' 90 • 5' •.27.  23 60 24/24 

90' - 5' • 0.157.  30 MV 30 3200 85.7° 30,30 23 350  
121 (( 30(N 23 60 26 MV 26 114076.3° 26 26 90' • 5' • 0.17. 
(21 ( 1308H 1 23RS6B 23 1,000 ( Test) 30 MV 24 (4116.25 mh. 0-30 V 90 • 5' .2%  

113E/102 23 60 13 MV 26 1020 81.6° 26 26 90 2.5 .1%  
11302A 23RS4B 26 MV 26 1020 B1.6° 23 60  20 MV 26 9206 '9206 
113D2C 23RS4C 23 400 550 86'' 2266 2266 90 5' • . 157.  90 5'  • .10%  

23 400 3300 6161,,V 2660 3200'86' 
740 80° 90 5' r.- . 10%  

105D2F D- I3310 15 400 90° -_ 5' 11.107. 

(1) High impedance unit 
(2) Feedback Resolver 
() Geared housing 

(4) For these Sweep Resolvers input impedance is not considered. 
Instead, inductance at 1000 ups. is important. 

Inductance at 1000 c.p.s. 

113D8H 105D8D 

Rotor winding 17.7 Mh 27 Mh 

Main Stator winding 16.2 Mh 24.6 Mh 

Feedback Stator winding 16.2 Mh 24.6 Mh 



AMPLIFIERS AND GEAR TRAINS 

FOR 

• SYNCHROS 

• SERVO MOTORS 

s RESOLVERS 

• TACHOMETER GENERATORS 

• AMPLIFIERS 

• AIRBORNE INSTRUMENTS 

FOR 

A SINGLE PROTOTYPE 

... OR 10,000 UNITS 

FOR 

Look to 

ORDEN-KETAY 

BASIC RESEARCH 

WHERE STANDARD 

CONCEPTS ARE 

NOT APPLICABLE 

FOR A Complete Variety Of Sizes And Types 

Amplifiers can be made in open, dust-proof or hermetically sealed packages. 
They can be individually designed and modified to meet customer's electrical, mechanical and 

environmental specifications. Gears and gear trains of conventional and 
Miniaturized types are available to meét the most demanding of design requirements. 

MAGNETIC AMPLIFIERS 
Magnetic Amplifiers are designed 
for use in Servo Systems 

employing two phase low inertia 
induction motors. They require 

no external tubes or separate 
bias, and operate directly from a 
line supply. They employ the 

latest half-wave self-saturating 
circuitry, insuring low response 

time, high gain and compactness. 

The half wave reset mode of 
operation of these units supplies 

very desirable quadrature 
rejection. These Magnetic 
Amplifiers are noted for long life, 

ruggedness, and dependability. 

RESOLVER AMPLIFIERS 
Resolver Amplifier Systems are made 
for precision resolver applications 
where accuracy, isolation, 

and reliable operation under 
severe environmental conditions is 
paramount. Subminiature packaging 

techniques, preferred type tubes and 
quality components assure 
reliability, compactness and long 

life. Two basic system types are 
standard: a system connection 
employing summing resistors; the 
other, where the input signals are 

series summed with the compensating 
winding signal and fed to the grid 
of the high gain amplifier. 

SERVO AMPLIFIERS 
Dual Channel Servo-Amplifier, Type SEA 
4-310, is made for servo-systems using 
miniature two-phase servo motors. 
Each amplifier channel is capable of accepting 
input error information, either 

in-phase or 90 degrees out of phase with the 
line of reference. Separate input 
terminals are provided for these inputs. 
For in-phase signals, the amplifier circuits 
provide the required 90 degrees phase 
shift for operation of the servo motor. 
Hence, the motor fixed field can operate 
without external phasing capacitors. 
Tuning capacitors for motor control 
fields are provided as integral part of 
each amplifier for power factor correction. 

CONTROL DEVICES 

Many control devices, designed and developed by Norden-Ketay engineers, are 
being produced in mass quantities. Custom engineered units, featuring resistance to humidity, 

corrosion and high temperatures, or having special configuration and other non-standard 
characteristics, will be made to meet the needs of your particular application. 

Norden-Ketay designs and manufactures a large variety 
of airborne instruments for engine and flight operation, 
for many aircraft, missile, marine, ordnance and civilian 
applications. Included are many special designs insuring a high 
level of performance, while meeting limitations of space 
and operating conditions. Norden-Ketay research 
laboratories are staffed and equipped to co-operate with 
engineers that find a need for electronic control devices 
in their particular project. 

Visit Our Booth 
at the 

I.R.E. SHOW 

Exhibit 629-631 

Kingsbridge Armory 

AVAILABLE UPON REQUEST ... additional copies of 

more complete this Bulletin No. 355 
...  technical data 

• • . consultation with our sales Engineers 

NORDEN-KETAY CORPORATION 
99 Park Avenue, New York 16, New York 

New York, N. Y. • Milford, Conn. • Commack, L. I., N. Y. • Hawthorne, Calif. • White Plains, N. Y. 

Subsidiaries: Vari-ohm Corporation, Amityville, L. I., New York. • Nuclear Science and Engineering Corporation, Pittsburgh, Pa. 

ALSO SPECIALISTS IN POTENTIOMETERS • . SYNCHRO OVERLOAD TRANSFORMERS 
SERVO MECHANISMS • GYRO COMPONENTS • COMPUTERS • DIGITAL CONVERTERS 

FIRE CONTROL SYSTEMS • NAVIGATIONAL SYSTEMS 
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THIS 

TRANSISTORIZED 

TELEMETER 

IS ONLY A 

"PROGRESS REPORT" 

This 3-channel transistorized telemeter 

although not yet available for sale as stand-
ard equipment, is indicative of the advanced 

thinking of 73enclete-Pacific engineers and represents 
another example of this Division's efforts to have new designs 

available in advance of rapidly expanding instrumentation requirements. 
This particular unit includes a transmitter and three subcarrier oscillators, all 

encapsulated as a single plug-in component. Although present development has been con-
fined to the solution of special instrumentation problems, a possible pattern for future tele-
meters is indicated. The special features of transistorized components — extremely high shock 
resistance — low hear generation — very low power consumption — small size — light weight— 

provide design tools for a major advance in instrumentation techniques. 

Imagination at-Renee-Pacific 
today is building better products 
for tomorrow. 

PACIFIC DIVISION • Bendix Aviation :", orperation 

11600 Sherman Way, North Hollywood, Cal,f ornia 

East Coast Office: 
475 5th Ave., 

N. Y. 17 

Dayton, Ohio Washington, D. C. Canadian Distributors: Export Division: 

1207 American Blvd., Suite 803, Aviation Electric, 11d., Bendix International 

Dayton 2, Ohio 1701 "K" St., N. W. Montreal 9 205 E. 42nc St., N. Y. 17 

elétikei; 
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\ AV/ A 77 P0 
CORPORA now 

Good positions are 
available at all 
levels for Elec-
tronic Design Engi-
neers. Contact W. 
C. Walker, Engi-
neering Employ-
ment Manager. 
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Standard and 
Custom Constructions 

The Equipment Division of Chatham Elec-
tronics specializes in the design and manufac-
ture of electronic equipment for government, 
industrial, communication and research organ-
izations. The types of equipment produced are 
highly diversified. Typical examples include 
electronic switches, sonar equipment, test sets, 
speech amplifiers and modulators, high power 
pulse generators to 60 megawatts, ultra-stable 
power supplies, induction heaters, tube pro-
duction, life test equipment, and many others. 

Ultra Stable Power Supply System 

4o Sonar Test Equipment 

Chatham engineers are available for consultation 
on problems involving custom equipments. For 
estimates on your requirements 
... call or write. 

Pioneer Developer and Producer 
of Atomic Energy Instrumentation Equipment 

The Chatham Radiac Division is a pioneer developer of Atomic 
Energy Instrumentation Equipment of unusual design. For 
example, portable and field equipment of this type was for-
merly battery powered. Battery life, corrosion and logistics 
were a constant problem. By the application of new methods 
of power generation, batteries are no 
longer required. Further, in some cases 
even the tubes are replaced by a com-
pact, trouble-free electro-mechanical 
amplifier. Similar advances are re-
flected in Chatham Radiac Detector 

Chargers, Rate Meters, Dosimeters, 
Influence Generators, etc. 

Operating tests of all Chatham Radiac Chargers 
employ Dosimeters of various manufacture. 

AT THE I. R. E. SHOW! 

Visit the Chatham exhibit at 

Booths 474,476 and 478 
ELECTRONIC AVENUE 

Kingsbridge Armory 
New York City 

March 2Ist to 24th, 1955 

Model XA-100 Radiac Detector 
Charger — compact, easy to use, this unit 
Is completely self contained ... requires no batteries. 

Division of CERA CORPORATION, 

C,,, ... * 

Type 6H6WGT 
Ruggedized twin 
diode with octal 
base. Heater 6.3 
volts 300 ma. Peak 
inverse anode volt-
age 465 volts. D C. 
output current 8.8 
ma. per plate. 

Type 6AL5W 
Ruggedized minia-
ture twin diode. 
Heater 6.3 volts, 
0.3 amp. Peak in-
verse anode volt-
age 330, D.C. out-
put current per 
plate 9 ira. max. 

CHATHAM 
RECTIFIERS 

# Type 1Z2 
A high voltag 
vacuum rectifi. 
for constant supp 
circuits. Filame 
1.25 volts, 275 mi 
Peak inverse ano( 
voltage 15,00, 
aver, anode curre 
1.5 ma. 

Type 3825 e 
Half wave, Xenon 
Rectifier. Wide am. 
bient range — 75° 
to + 90° C. Fila-
ment 2.5 volts 5.0 
amp. Peak inverse 
anode voltage 
4500. Aver, anode 
current 0.5 amp. 

4 Type 3828 
Half- wave, Xeno 
rectifier. Wide an 
bient range c 
—75° to +913"( 
Filament 2.5 volt! 
5.0 amps. Peak ir 
verse anode vol 
age 10,000. Avei 
anode current 25 
ma. 

Type 4832 b 
Half- wave, Xenon 
rectifier. Wide am-
bient range — 75° 
to + 90°C. Fila-
ment 5 volts, 7.5 
amps. Peak in-
verse anode volt-
age 10,000. Aver. 
anode current 1.25 
amp. 

b Type 5R4WG1 
Full wave rectifie 
ruggedized t 
stand 980 g shock 
Max. inverse volt 
age 2800 volts a 
165 milliampere 
or inverse voltag 
2400 volts at 27 
milliamperes. 

Type 5R4WGA b 
Same as 5R4WGY 
but designed to 
operate at full in-
verse ratings up to 
40,000 ft. altitude 
and at reduced 
rating to 60,000 
ft. aititude. 

Type 5R4WGI 
A reliable versic 
of the 5R4WGA d 
signed and man 
factured to MIL-
18 reliable tut 
specifications. 



CHATHAM 
THYRATRONS 

Type 2D21 
anon filled, shietd 
'id thyratron for 
,lay- pulse and 
'id controlled 
!ctifier service. 
cater 6.3 volts, 
6 amp. Peak in-
use anode volt-

1300, average 
lode current 100 
a. 

4 Type 2D21W 
Similar to 2021 
except ruggedized 
to conform to 
MIL- E- 1B specifica-
tions. 

Type 3C23) 
ercury Vapor Ar-
in tilled thyra-
on for grid con-
oiled rectifier 
rvice. Wide am-
ent temperature 
lerance. Medium 
pin phenolic base 
Medium metal 

ap. Heater 2.5 
I It 7.0 amperes; 
oak inverse anode 
.Itage 1250 volts; 
Ferage anode cur-
lit 1.5 amps. Type 3238 

Same as 3C23 but 
has medium shell 
5 pin base and 
small top cap. 

Type 2050 e 
?lion filled, shield 
id thyratron for 
id controlled 
ctifier service. 
eater 6.3 volts, 
6 amp. Peak in. 
rse anode volt-
e 1300, average 
ode current 100 
a. 

ype 2050W ) 
milar to 2050 ex-
.pt ruggedized to tinform to MIL-E-specifications. 

4 Type 394-A 
Mercury vapor and 
Argon filled thyra-
tron for grid con-
trolled rectifier 
service. Wide am-
bient temperature 
tolerance. Heater 
2.5 volts, 3.2 
amps. Peak inverse 
anode voltage 
1250, aver, anode 
current 640 ma. 

Type 5594 
anon filled thyra-
on. Operates in 
bient tempera-
res from -55° 
+90°C. Fila-

nt 2.5 volts, 5 
ps. Peak inverse 
ode voltage 
00, aver, anode 
rrent 0.5 amp. 

Type VC- 1258 
Zero bias miniature hy-
drogen thyratron for the 
generation of peak pulse 
power up to 10 KW. 

Type VC- 1257 
Hydrogen filled, zero bias 
thyratron with hydrogen 
generator for generation 
of pulse power up to 33 
megawatts. 

Chatham Hydrogen Thyratrons are the product of 
many years of concentrated experience in this spe-
cialized field. Embodying the most advanced devel-
opments in the art, many of which were pioneered 
by Chatham, these tubes offer uniformly high per-

formance when employed in 
«goo the generation 

of pulse volt-
ages in the 
order of mi-
cro-seconds. 

Type 5948/1734 -a-
Hydrogen filled, zero bias 
thyratron with hydrogen 
reservoir for generation 
of peak pulse power up 
to 12.5 megawatts. 

Type 5949/1907 
Hyorogen filled, zero bias 
thyratron with hydrogen 
reservoir for generation 
of peak pulse power up 
to 6.25 megawatts. 

Type SC22 
Hydrogen filled, zero bias 
thyratron with hydrogen 
reservoir for generation 
of peas pulse power up 
to 2.6 megawatts. 

ELECTRICAL DATAS 
Type VC- 1258 5C22 5949/1907 

Maximum Peak Foward Anode Potential 

Maximum Peak Anode Current 

Maximum Average Anode Current 

Maviumum Heating Factor (epy x prr x ib) 

Nominal Filament Power 

1000 volts 

20 amps 

0.05 amps 

1.0)(109 3.2x109 6.25x109 

12.6 watts 67 watts 95 watts 

1600 volts 25000 volts 

325 amps 500 amps 

0.200 amps 0.50 amps 

5948/1754  

25000 volts 

1000 amps 

1.0 amps 

9.0x109 

190 watts 

VC-1257 

33000 volts 

2000 amps 

2.0 amps 

20.0x109 

230 watts 

Hydrogen Reservoir No Yes Yes Yes Yes 
•More detailed information on electrical and mechanical data will be supplied on roc:West:, 

TWIN POWER TRIODES... 

Type 884 e 
Argon filled thyra-
tron for use as 
sweep circuit os-
cillator in CRT cir-
cuits. High stabil-
ity. Heater 6.3 
volts, 0.6 amp. 
Peak forward 
anode voltage 300, 
aver, plate cur-
rent 75 ma. 

Type 6336 
Low mu, high perveance 
twin power triode for use as 
a series regulator tube in 
D.C. power supplies. Plate 
Oissipatiom 30 watts per 
sect.; Amplification Factor 
2.7; Plate Resistance 250 
ohm per sect.; Plate Current 
165-200 ma per sect.; Heater 
6.3 volts 4.75 amps total for 
both sections. 

Type 6394 
Same as Type 6336 with 26.5 
volt 1.25 amp. heater. 

Type 883 à 
Similar to Type 884 
except heater rat-
ing of 2.5 volts, 
1.5 amp. Both the 
884 and 885 are 
suitable for grid 
controlled rectifier 
applications as 
well as sweep cir-
cuit oscillators. 

Type 6AS7G 
Low mu, high perveance 
twin power triode for 
use as a regulator tube 
in D.C. Power Supply 
Units. Plate dissipation 
13 watts per sect.; Amp. 
Factor 2.0 per sect.; 
Plate Res. 280 ohms per 
sect.; Heater 6.3 volts 
2.5 amperes total for 
both sections. 

Type 395-A 
A cold cathode 
thyratron. Requires 
no filament supply. 
For grid controlled 
rectifier and relay 
applications. Max. 
D.C. anode volt-
age 1 50, Max. 
anode current 10 
ma. 

TYPE 6520 
Characteristics same as 
6AS7G but intended for 
applications where ut-
most reliability is re-
quired in respect to tri-
ode balance, absence of 
excessive plate current 
drift and high grid to 
plate insulation. 

Type 359-A 
Cold cathode thy-
ratron. No filament 
supply needed. 
Suitable for grid 
controlled rectifier 
and relay applica-
tions. Max. D.C. 
anode voltage 180, 
max. anode cur-
rent 12 ma. 

SLIVINGSTON 
... NEW JERSEY , 



E 
MODEL D-1 

DIRECT- COUPLED AMPLIFIER 

for reliable amplification of 

low-level signals in: 

COMPUTER DESIGN • CHEMICAL, 
BIOLOGICAL AND MEDICAL 
INVESTIGATIONS • VOLTAGE 
MEASUREMENT • VIBRATION ANALYSIS 

The SIE Model D-1 Direct-Coupled Amplifier offers 
high gain, wide dynamic range, and extremely low 
distortion in a design which favors a wide range of 
laboratory investigations. Unique input "zeroing" cir-
cuit allows small voltages to be read "full-scale." Meter 
on front panel provides direct reading information. 

• Single-ended or Differential Input 
• Self-contained Power Suppiy (No batteries required) 
• Wide frequency range 
• Relay rack or bench mounting 

GAIN: 80,000 at 50 kc. ( 1,000 at 120 kc.) 
INPUT IMPEDANCE: 10 Megohms or open grid 
INPUT NOISE: Less than 10 microvolts 
MAXIMUM INPUT SIGNAL: 18 volts rms. 
MAXIMUM OUTPUT SIGNAL: 80 volts (Distortion less than 1%) 
DRIFT: Less than three millivolts per hour 
IN-PHASE REJECTION RATIO (Differential input): More 
  than 1500 to 1 at gain of 1000. 

Price: $515 

SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
INDUSTRIAL INSTRUMENT DIVISION 

P. 0. Box 13058 2831 Post Oak Road Houston, Texas 
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lating Equipment for Handling High Level 
Radioactive Materials." A 16 mm film 
showing installations and operations was 
also exhibited. 

The Chicago Chapter met again on Oc-
tober 22. Donald H. Loughridge, Dean of 
the Technological Institute at Northwest-
ern University, presented a paper called 
"The Present Status of Nuclear Power De-
velopment." 

"An Up-To-Date Survey of Elemen-
tary l'articles" was the paper presented by 
Bernard Hamermesh, Argonne National 
Laboratory, at the meeting of the Chicago 
Chapter on November 19. Dr. Hamermesh 
outlined the known properties of the three 
additional types of elementary particles 
discovered in the past seven years. 

QUALITY CONTROL 

On October 1 the Chicago Chapter of 
the Professional Group on Quality Control 
met. C. Mydill, Director of quality control 
at Motorola, spoke on supplier-consumer 
relations. Mr. Myffill outlined the quality 
control organization at Motorola and:its 
mode of operation. 

VEHICULAR COMMUNICATIONS 

On December 1 the Detroit Chapter of 
the Professional Group on Vehicular Com-
munications met at the Engineering Soci-
ety of Detroit. E. C. Denstaedt, R. Dona-
von, R. Karber, and J. McFatridge de-
scribed the Palmer Park OCD Radio Con-
trol Center. Added information on the wire 
line facilities was presented by Sherman 
Lister of the Michigan Bell Telephone 
Company. Officers for this year were 
elected: Chairman, A. B. Buchanan; Vice-
Chairman, R.IJ. DeHaan; Secretary-Treas-
urer, I. G. Nauman. 

AKFION 

"Contouring With Electronic Machine-Tool 
Controls," by N. B. Nichols. Raytheon Manufac-

turing Company; December 14, 1954. 
"The Amplifier as a Link in the Chain of Audio 

Reproduction," by J. P. Overley, Radio Manufac-
turing Engineers. Inc.; January 18, 1955. 

ALBUQUERQUE-LOS ALAMOS 

"Application of Radiation Techniques," by Dr. 

R. S. Wilson, General Electric; December 14. 1954. 

ATLANTA 

Tour of Pan-Electronics Corp.. conducted by 

J. R. Blasingame; December 8, 1954. 

BALTIMORE 

"Color Television Broadcasting," by J. L. 
Hathaway, National Broadcasting Company; 

January 12, 1955. 

(Continued on page 112A) 
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Directional Coupler Signal Mixer 

.165. - 
RF Line Section 

. \ ) l oellçe\dj.., 

41141;4111dr: 

L. O. Mixer and Preamp 

•• 
41« 

Tunable Cavities 

Antenna Horn 

Antenna Reflector 

INEW Raytheon Microwave Assemblies 

STANDARD— OR PRODUCED 

TO YOUR OWN EXACT SPECIFICATIONS 

Typical of Raytheon's new line of precision microwave 
assemblies is the Antenna Rotary Joint which handles high 
power over a wide bandwidth and permits full use of the 
newer magnetrons' wider tuning ranges. 

Raytheon— long a leader in radar and other microwave 
equipment—now offers to others its unexcelled design, pro-
duction, and test facilities. Whether you are interested in an 
entire microwave system or a single component, we would 
appreciate hearing from you. There's no obligation. 

WRITE FOR CATALOGUE NO. 5-200 

Raytheon Manufacturing Company 
Equipment Marketing Division 

100 River Street, Waltham 54, Mass. 

BROADBAND, HIGH POWER 

ANTENNA ROTARY JOINT 

Couples rotating antenna to X-band 
microwave system. Power capacity: 
250 KW @ .001 duty cycle. 

Coaxial rotary section; standard rec-
tangular input and output flanges. 

Unique design for transition from rec-
tangular to coaxial section provides 
greater power-handling capacity and 
superior electrical performance. 

VSWR less than 1.07:1 over 11% 
bandwidth; VSWR of 1.10:1 maxi-
mum over greater bandwidth. 

SmalPsize, minimum weight. Can be 
presiittiied to 30 P.S.I. 

Visit Raytheon, Booth 147, I. R. E. Show, Kingsbridge Armory 

PROCEEDINGS OF THE I.R.E. 



FOR KLYSTRONS AND TRAVELLING WAVE TUBES 

SPERRY CAN MEET 

IN RADAR DEFENSE, Sperry's Multi-Megawatt 
Klystrons hold frequencies 20 to 200 times closer than 

conventional radar limits, permit obtaining improved in-

formation from search radars. 

IN GUIDED MISSILES, Sperry's Multi-Megawatt 
Klystrons make possible more accurate control of missiles, 

permitting guidance over longer paths. 

IN COMMUNICATIONS, Sperry's low powered 
microwave beam tubes are providing years of trouble-

free service at unattended relay stations. 

IN CONTINENTAL DEFENSE, Sperry's micro-
wave beam tubes meet the needs of military radars and 

communications' networks which protect our shores. 

IN TELEVISION, present Sperry Klystrons extend TV 
microwave networks. More improvements in TV transmis-

sion are possible with new Sperry microwave beam tubes. 

IN MEDICINE, newly developed linear accelerators 
give promise of improved X-ray treatment. 
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YOUR NEEDS 

IN ATOMIC ENERGY, Sperry's Multi-Megawatt 

Klystrons provide stable driving power for atom smashers 

and high energy X-ray devices for scientific research. 

IN AIR NAVIGATION, Sperry Klystrons power a 
military radio system to guide air traffic precisely. 

sPER yDIVISION OF THE SPERRY CORPORATION 

GREAT NECK, NEW YORK 

This is the 17th year of continuous 

development and production of microwave 

tubes by Sperry. Out of this experience has 

come a wide range of tubes for today's 

important microwave uses, covering 

frequencies from 200 mc. to 40,000 mc., 

and with power from a few milliwatts to many 

million watts. Sperry microwave beam tubes 

meet military and industrial requirements 

because of their dependability and economy. 

Tomorrow's needs of the development 

engineer in advanced system design will be 

aided by the specialized knowledge of new 

microwave beam tube development 

available at Sperry. 

The facilities of the Sperry laboratories, 

devoted to microwave beam tube and 

microwave test equipment development, 

and the new production plant of the Sperry 

Electronic Tube Division in 

Gainesville, Florida, are at your service. 

IN UTILITY AND IN INDUSTRIAL USE, 
Sperry microwave beam tubes permit accurate long 

distance controls, such as regulating pipe line flow of oil 

and gas throughout the country. 

erileseofir tefRafr 

CLEVELAND • NEW ORLEANS • BROOKLYN • LOS ANGELES • SAN FRANCISCO • SEATTLE 

IN CANADA • SPERRY GYROSCOPE COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEC 

Visit our Booths 351-2-3 at the Radio Engineering Show, March 21-24 
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W — 23/32" 
L — 23/32" 
H-11/16" 

Illustrated 
4KC 
Band Pass 

se 
Depicted— 6KC 100 Watt Unit 
Less than 1.65 cubic inches 

W-3/4" 
L-3/4" 
H — 5/16" 

POWER 

TRANSFORMERS 

Range- 400-6000 cps 

Efficiency— up to 95% 

Wattage-6mw-200 watts 

Temperature-- 55 to + 155° C. 

PULSE TRANSFORMERS 
Pulse Width —. 2-50 microseconds 

Rise Time— from .03 microseconds 

• Blocking oscillator 

• Pulse counting 

e Toroidal construction 

SUB- MINIATURE FILTERS 
For Chassis Mount 

Frequency- 2.3 - 35Kc 
Impedance in — 600-10K Ohms 
Impedance out— Grid 

• Hermetic Sealed 
• Temperature Compensated 
• Internal D.C. Isolation 
• Balanced or Unba:anced 
• Military Specifications 

Airborne 
Components.. 
a e ie e sfte, c ate, 

IY-1" 
L-1 1/4" 
H — 15/32" 

SATURABLE REACTORS 
Applications 

• Servo Systems \• Data Telemetering 
• Remote Frequency Control 

Illustrated— High Freauency Reactor Tuned by 
Varying D. C. Current 

MAGNETIC 

AMPLIFIERS 

Wattage ( output) . 5-200 watts 

Response- 1 cycle up 

W — 1 1/4' lilustrated—Auto Pilot Application 
L-1 3/4" for Printed Circuit Mounting 
H-2 5/32" 

SUB- MINIATURE TUNED CIRCUITS 
For Printed Circuit Applications 

• Multiple Tuned Transformers 
• Delay Lines 

• Tuned Circuits 

w-1^ 
L — 4 I/4' 
H — 7/16" 

See us at Booth 465 Electronic Aveiue, I. R. E. National Convention, Kingsbridge Armory, New York City, March 21-24 I 

FOR ADDITIONAL INFORMATION CONTACT 

COMMUNICATION ACCESSORIES COMPANY 
3-55/1.0 HICKMAN MILLS, MISSOURI • PHONE KANSAS CITY, SOUTH 5528 

104A Ilarch, ' 055 WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE I.R.E. 



GUARD N 
for single units or complete control assemblies 

starting—stopping— 
timing—counting — computing— 
sorting—lighting—conveying— 
interval timing—cycling—select-
ing — gauging — vending — re-
versing—add-subtract—radio— 
radar—armament—power. 

GUARDIAN 

in any combination of electronic parts 
to your specifications, packaged (herm-
etically sealed), harn-
essed, cabled, ready 
to plug-in... 

GUARDIAN 

j' Solenoid 

VISIT 
GUARDIAN BOOTHS 

582-584 
COMPONENTS AVENUE 

1955 I. R. E. SHOW 

ELECTRIC 
PROCEEDINGS OF THE I.R.E. 

1628-C W. WALNUT STREET CHICAGO 12, ILLINOIS 
C6MPL( I( UPI( Of WAYS St AVINC & MIRICAN HOLLINO 

March, 195 
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Mee ONLY SOteCE 

of o Complete Line of MAGNETIC MATERIALS 

TECHNICAL DATA ON 
ARNOLD PRODUCTS ... Write 

for your copy. 

Bulletin GC- 106 . . . General information on all 

Arnold magnetic materials: permanent magnets, 

tape-wound and powder cores, etc. 

Bulletin TC-101 A . . . "Properties of Deltamaz, 

4-79 Mo-Permalloy and Supermalloy"-28 pages 

of technical data on Arnold Tape-Wound Cores. 

Bulletin PC-104 . . . **Molybdenum Permalloy 

Powder Cores"-16 pages, complete technical 

data. 

Bulletin $C-107 . . . "Arnold Silectron Cores"-

52 pages of valuable data, covering a complete 
range of core shapes, sizes, tape gauges, etc. 

ADDRESS DEPT. P-53 

Arnold products include all grades of Alnico permanent magnets (cast and 
sintered) . .. tape-wound cores of high-permeability alloys, such as Deltamax, 
Permalloy and Supermalloy . . types "C" and "E" cut cores of Silectron in 
any size or weight range from a fraction of an ounce to hundreds of pounds 
(50 lbs. max. on 12-mil C cores); also round, square and rectangular Silectron 
cores . . . powdered Mo-Permalloy cores . . . Cunife, Vicalloy, Permendur and 
other magnetic materials. Special magnetic components can be produced to 
meet your specific requirements; and such products as powder cores, tape. 
wound cores, and C and E cores are carried in stock in a wide range of standard 
sizes for immediate delivery. Many sizes of cast and sintered Alnico magnets 
also are stocked. 

In other words, Arnold magnetic materials can answer any requirement 
you may have. It is the only complete line in the industry; and in addition, 
Arnold maintains complete control over every production step from raw 
materials to finished products. Such a source can bring you advantages in 
long experience and undivided responsibility, and in unequalled facilities for 
quality production and control. • Let us supply your needs. 

W8.0 5846 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois 

DISTRICT SALES OFFICES ... New York: 350 Fifth Ave. 

Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St. 

106a WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE March, 19.55 



Easy, Error-Free Readin 

SHASTA offers the first major improvement in electronic instrument mechanical 
construction — investigale this outstanding feature! Write now for data; please 
address Dept. SA 3 

New Dual Log- Scale VTVM By SHASTA 

SHASTA Model 207A 
Log Scale Vacuum Tube 
Voltmeter 

New SHASTA 
Model 602 

Impedance Bridge 

BECKMAN 

Dual-scale design gives 71/2 " effective 
scale length plus logarithmic meter 
movement, provides the most conven-
ient, easiest- to- read volt and decibel 
scales yet offered. Scale increments are 
widely, evenly spaced; accuracy per-
centage stays constant at every point, 
from top to bottom. Simplified range 
switch shows only the range in use; no 
chance for confusion or error. 

Model 207A gives accurate measure-
ment of ac voltages from .001 to 300 and 
db from — 60 to + 50, over a frequency 
range of 20 cps to 2 mc. Accuracy is ± 
3% to 100 kc, ± 5% to 2 mc. Price only 
$275.00 f.o.b. factory. 

A versatile, wide- range instru-
ment for measuring resistance, 
capacitance, inductance, dissi-
pation factor and Q. Full-scale 
ranges (in decade steps) are 1 
ohm to 10 meg for resistance, 
100 mmf to 100 mf for capaci-
tance, 1 mh to 100 h for induct-
ance. Accuracy is ± 2% up to 
extreme high or low ranges. In-
terpolation by two large concen-
tric dials gives readings as low 
as 1/1000 full scale. 

Shasta 

SHASTA Model 602 
Impedance Bridge 

Gives capacitor D measure-
ments as low as .002, and induc-
tor Q as high as 1000. Contains 
de and 1000 cps ac bridge circuit 
power sources, sensitive de and 
ac vacuum tube detectors. Many 
basic bridge circuits obtainable 
from single selector switch; ex-
ternal generators or detectors 
may also be used. Price is $380 
f. o. b. factory. 

BECKMAN INSTRUMENTS INC. 
P.O. Box 296, Statioi A • Richmond, California 

Telephone BEacon 5-7196 

Other SHASTA 
Quality Instruments 

o Oscillator 

A new, improved version of the 
Model 301, the Model 301A cov-
ers a range of 10 cps to 1.1 mc in 
6 steps with an output level of 
1 db. Has 150 milliwatt power 

output; minimum load imped-
ance, 600 ohms. Distortion less 
than 5%. Compact, reliable gen-
eral purpose laboratory oscilla-
tor. Price only $120.00 f.o.b. 
factory. 

Large 6" meter reduces possibil-
ity of operator error. Provides 
0 to 400 volts de at 200 ma; 0 to 
—150 dc at 3 ma; and 6.3 ac 
center tapped at 8 amps. Regu-
lation is better than 1/2 %, zero 
to full load; ripple less than 10 
mv. Compact (8" W x 12" H x 
10" D); weighs 16 lbs. Price 
$185.00 f.o.b. factory. 

SEE SHASTA'S 

COMPLETE LINE 

AT THE IRE SHOW 
MARCH 21-24 

BOOTH 750 • AIRBORNE AVENUE 

KINGSBRIDGE ARMORY 

NEW YORK 
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MARCONI INSTRUMENTS 

TYPE le 8°"3 These instruments, together with other new 

designs, may be inspected at 

BOOTHS 260-262 I.R.E. SHOW. 

VACUUM TUBE VOLTMETERS • FREQUENCY STANDARDS • OUTPUT METERS SIGNAL GENERATORS 

WAVEMETERS WAVE ANALYSERS • Q METERS • BEAT FREQUENCY OSCILLATORS 

23-25 BEAVER STREET • NEW YORK 4 • HANOVER 2-0198 

ENGLAND: HEAD OFFICE: MARCONI INSTRUMENTS LIMITED, ST. ALBANS, HERTFORDSHIRE 

CANADA: CANADIAN MARCONI COMPANY, MARCONI BUILDING, 2442 TRENTON AVENUE, MONTREAL 

Managing Agents in Export: MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, MARCONI HOUSE, STRAND,- LONDON, W.C.2. 
IC 61 

108A WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE I.R.E. March, 1955 



6738 ... First again in the field of tube 
miniaturization, Bomac developed a new 
type TR tube designated the 6378. De-
signed specifically for airborne radar equip-
ment, the 6378 is a miniaturized version of 
the 1624A (another Bomac first), 1B60 and 
the 1824. Size was cut in half, and weight 
was reduced by one fifth with no sacrifice in 
performance or efficiency. 

BL-25 ... The BL- 25 TR tube, designed and 
developed by Bomac, was the first cell-type 
tube system engineered to withstand high 
power levels and maintain recovery time 
over a long period of life. The BL-25, 
although originally designed for a specific 
piece of equipment, has proven its versatility 
in various applications within the industry. 

BL-S8 Bomac was the first to develop 
shutter tubes and integral TR-shutter combi-
nations for continuous crystal protection. The 
BL- 58 was the first integral TR-shutter 
combination developed by Bomac. With 
integral TR-shutter operation, bulky wave-
guide shutters could be eliminated at 
considerable savings in size and weight. 
This tube has now been superceded by 
improved models. 

1N23D Bomac was the first to manu-
facture the 1N23D silicon diode. System 
designers, for the first time, could obtain a 
diode with greatly increased sensitivity and 
superior electrical characteristics in relation 
to existing types. 

IN MICROWAVE 

BL-87... Now, Bomac is first again to 
introduce a new concept in complete duplexer 
operation. For the first time in S-band, a 
complete duplexer is offered to the industry. 
The BL- 87 is a dual TR tube, complete with 
perfectly matched hybrids to assure maximum 
efficiency and long life. Systems designers 
can now be assured of reliable duplexer 
operation because Bomac's hybrids are 
designed specifically for their dual TR tubes. 
Bomac is first again in design and develop-
ment of microwave tubes. 

BL-509 Bomac's BL- 509 was the first 
complete duplexer offered in one compact 
unit. Combining a Bomac dual TR tube having 
integral shutters with two perfectly matched 
hybrid junctions in a single unit, the BL-509 
provides duplexer operation and continuous 
crystal protection in one package. Light 
weight and compact, the BL-509 assures 
superior electrical performance and me-
chanical simplicity. 

111111111, 1L11111 
Eomae ,i)aboralories. F?c. 
B EV ERL Y, MASS AC HUS EX TS 

We invite your 
inquiries regarding 

ENGINEERING 
DEVELOPMENT 
PRODUCTION 

Catalog on request Write t on your 
company letterhead. Dept P•1 BOMAC 
Laboratories, Inc. Beverly, Mass. 

VISIT OUR BOOTH--- nos. 370-372 I.R.E. SHOW 
I 

BOMAC DUAL TR DUPLEXERS 

Tube Frequency MC Tube FrequenctMC) 

6334 8490-9578 BL71 8500-9600 
(13.1-27,) 8118 8490-9578 
BL29 9325-9425 8187 2700-2900 
8135 15000-17000 13L507 8490-9578 
BL47 9325.9425 81600 8490-9578 
B160 5400 5900 

GAS SWITCHING TUBES • DIODES • HYDROGEN 
THYRATRONS • DUPLEXERS • MAGNETRONS 

MODULATORS • :AVITIES 



Engineerin 

THE RECORD- SETTING G- 12A* 

This is the JK Glasline unit : Lai set a 
stability record of one part in 100 
million over a two week test period at 
1000 lic — stability corresponding to 
a rate of change of less than one sec-
ond in more than three years. Here is 
ïtability that challenges existing meth-
ods of measurement — an ;Ara pre-
cision time base for tomorrow's elec-
tronic wonders. 
*Test by a leading U S. Go-ternment 
laboratory. 

Ultra-Precision frequency control requires that 
crystal oven, power suppy and oscillator circuitry be 
compatible in design and construction for optimum pre-
cision and reliability The James Knights Compa” will 
combine their precision crystals and ovens with tried and 
proven circuitry in packages that will meet your mechanical 
layout requirements, at a saving of valuable customer en-
gineermg time. Precision frequency signal sources covering 
the wide frequency range of 60 cycles to 150 mcs can be 
made available tc meet your specific application. 

Visit the J. K. Booth 516, 
I.R.E. Show, March 21-24. 



PRODUCTS 

JK-G3: 10 mc to 150 mc. Miniature 
size, minimum aging drift, high O for 
maximum performance. JK miniaturized 
"Giesline" crystals meet the growing 
need for minimum size with maximum 
stability. (ACTUAL SIZE) 

that unlocks tomorrow's door 

CERTIFIED STABILITY 

performance is the key to spectrum conservation 

With the radio spectrum already congested, and channels narrowing, frequency 
contrcl tolerances must narrow too. Equipment that " drifts" or " ages" has no 
place on this express way. Nor need it have, for today JK crystals are available 
that exceed your most critical stability requirements for interference- free land, 
sea and air radio communications. Crystals of this extreme stability are also 
serving as filter resonators fou radar, for power line carrier communications and 
telemetering, and as ultra-precision time bases. And our research goes on. JK 
Glasline crystals, and JK Ovens, offer " packaging" that combines unprece-
dented enrivonmental control with the compactness your new equipment re-
quires. So precise, so rugged, so protected are these JK crystals that their per-
forma ice can now be Certified to previously unheard of stability tolerances. So 
don't let frequency management problems delay your development programs. 
JK engineering can be the key needed to unlock tomorrow's door for you. 

TO COMPLETE THE ENVIRONMENTAL 
PICTURE: THE NEW JKO9 OVEN 

To the protection JK Glasline design provides 
against moisture, contamination, vibration and 
barometric pressure, the JKO9 oven adds control 
of temperature. It is production tooled for economy 
and uniformity, is small and light (1.28" x 1.70" 
±1.5 oz.), and is capable of maintaining a tem-
perature constant to within ± 1°C over a range of 
—55° to + 100°C. Here is an oven that matches 
the performance of many, massive multi-stage 
heaters — an example of JK's ultra- stable minia-
turization program. 

JK-G9: Precision "Glasline" 
quartz crystals, sealed in evacuated 
glass for cleanliness and protec-
tion, over a complete range of 
800 cycles to 5 mc. 

THE JAMES KNIGHTS COMPANY 

Crystals for the Critical - Sandwich, Illinois 

JK-G4: "Glasline" Crystal 
Filter Resonator. For broad 
filter applications such as 
power line carrier communica-
tions and telernetering. Fre-
quency range 50 to 200 kc. 

JK STANDARD MILITARY AND COMMERCIAL TYPE CRYSTALS 

Quality and service are James Knights 
traditions that apply to the simplest JK 
crystals as well as to the most complex, and 
apply to our smallest customer as well as 
our largest. So whatever your requirements 
— look to James Knights as a dependable, 
cooperative source for quality, price and 
delivery. 

TEMPERATURE CONTROL OVENS: Avail-
able fox • wide range of applications. 

.1612. 

eloworce,r, 

PRESSURE MOUNT-
ED: A complete line of 
commercial and military 
types. 

MILITARY TYPES: 
Hermetic sealed, metal 
cased, in frequency ranges 
from 16 kc to 100 mc. 

ULTRA-SONIC TRANSDUCERS: Carefully oriented and 
processed to your specifications, in a variety of shapes with 
holes, dimples, soldered-on leads, and backing plates. Can be 
plated with e variety of metals. 



advancement 
in instrument 

design 

new 

COAXIAL* 

relay 

Actual Size 
Weight 1.6 oz. 

Very 

sensitive, 
rugged, reliable. 

Hermetically sealed. 

Engineering data for your 

application on request. 

*Trademark for the basic Marlon moving 
coil mechanism. Patents Pending. 

motion electrical instrument co. 
407 Canal St., Manchester, N. 14., U.S. A. 

Manufacturers of Ruggedized and " Regular" 
Panel Instruments and Related Products. 

copyright 1956 MEl. Co. 

marion meters 

502 -ohm 

LINE STRETCHERS 
mumlememmiele 

Rugged, 
reliable and 
handles 
substantial 
RF power. 
Model 3701 
extends 8 inches. 
Model 3702 
extends 14 inches. 
Both can be fitted 
with Types N, HN, 
or other connectors. 

Write for 
Bulletin R-454 

Coaxial, 
constant 

impedance 
type, 
has 
low 

VSWR 

ANTENNA SYSTEMS— COMPONENTS 

AIR NAVIGATION AIDS— INSTRUMENTS 

ALFORD 
liter Manufacturing Co, Inc er 299 ATLANTIC AVE, BOSTON, MASS 

fee, 
V re‘ 

(Continued from page 100A) 

BUFFALO-NIAGARA 

"An Airborne Weather Radar," by K. F. Molz, 

Bendix Radio Div.; December 15. 1954. 
"Modern Techniques in X-Ray," by Kevin 

Kilcoyne and " Distortion and Frequency Response 
in a Binaural Music System," by David Codding-
ton, both students. University of Buffalo; January 
19, 1955. 

CEDAR RAPIDS 

"Corpuscular Streams from the Sun," by Dr. 

W. O. Roberts. High Altitude Observatory, Boul-
der, Colorado; November 17, 1954. 

"Dynamotor Design Considerations," by E. I. 

Winquist, Continental Electric Company; Decem-
ber 15, 1954. 

CINCINNATI 

"A High Powered Amplifier for High-Channel 
VHF TV Service," by W. F. Goetter, General Elec-

tric Company; December 21, 1954. 

CONNECTICUT VALLEY 

"Recent Applications of Information Theory," 

by Louis A. DeRosa, Federal Telecommunications 

Laboratory; December 16, 1954. 

DALLAS-FORT WORTH 

"Matching Opportunity with Need," by Dr. 

J. W. McRae, Sandia Corp.; November 2. 1954. 
Talks on Electronics and Geophysics: "What is 

the Problem," by Dr. D. H. Clewell, Magnolia 

Petroleum Company, "Principles of Airborne Mag-
netometer Instrumentation," by T. W. Swafford, 
Geotechnical Corp.. "Electronic Problems on 

Seismology," by Dr. J. P. Woods, Atlantic Refining 
Company; November 23, 1954. 

"Measurement of Radio Interference." by 

Joseph Lorch, Empire Devices Production Corp.; 
November 29, 1954. 

"Electronics Industry and I.R.E. in the South-
west," by Dr. A. W. Straiton, Faculty, University of 
Texas. and "How to Specify Transformers," by 

Walt Lehnert, Audio Development Company; De-
cember 7, 1954. 

"Recent Developments in Long Range Com-
munication Techniques," by A. A. Collins, Collins 

Radio Company (paper co-authored by M. L. 
Doelz); December 16, 1954. 

DAYTON 

"Systems Management Concepts," by E. G. 

Uhl, G. L. Martin Co.; December 2. 1954. 
"Hi Fidelity," by Julius Knapp, United Trans-

former Corp.; January 6, 1955. 

DETROIT 

"Airborne Weather Radar System," by K. F. 
Molz, Bendix Radar Eng'g. Dept.; December 17, 

1954, 
EL PASO 

"Experimental Origins of Lie Detection Equip-
ment," by Dr. R. F. Mager; December 16, 1954. 

EVANSVILLE-OWENSBORO 

"Technical Aspects of an Integrated Audio 

System," by D. W. Pugsley, General Electric Com-

pany; October 13, 1954. 
Field trip to Indiana Bell Telephone Company; 

January 12, 1955. 

FORT WAYNE 

"The Transmission of Electrical Signals in the 
Central Nervous System," by Dr. W. S. McCulloch, 
Mass. Institute of Technology; January 6, 1955. 

HAMILTON 

"Trends in Component Design," by A. Ainlay. 

Rogers Majestic Electronics Ltd.; December 13. 

1954. 

(Continued on page 118A) 

In Wide Range 

Of Needed Values 

For Critical Applications 

Now you can select Sprague Styra-
con "B" capacitors in the most 
needed voltage, capacitance, and tol-
erance values for those critical ap-
plications in analog and digital com-
puters, precision timing circuits, etc. 

Employing a specially processed 
polystyrene plastic film as the dielec-
tric, these capacitors have extremely 
high insulation resistance, freedom 
from dielectric absorption, extremely 
low power factor (or high Q), close 
capacitance tolerance, and unusually 
excellent capacitance stability. Tem-
perature coefficient of capacitance 
over the rated operating tempera-
ture range of —55°C to +85°C is-
100 ppm/°C and practically linear, 
and is independent of frequency. 

Sprague Styracon "B" capacitors 
are also available in various me-
chanical configurations to meet ap-
plication needs. All are hermeti-
cally sealed in metal cases. 
Write for Engineering Bulletin 

250A, available on letterhead request 
to the Technical Literature Section, 
Sprague Electric Company, 235 Mar-
shall Street, North Adams, Mass. 

uF VDC 
CATALOG NO. CASE 

• 5% TOI. • 2% TOI. STYLE 

.01 200 114P10352S2 — 

.01 600 114P10356S2 — THOU-

0.1 200 114P10452S2 114P1042252 LAR 

0.1 600 114P10456S2 114P10326S2 

0.5 200 111P11 111P1G 

0 5 600 111P31 111P3G BATH-

t 0 200 111P2.1 111P2G TUB 

1.0 600 111P41 111P4G 

World's Largest Capacitor Manufacturer 

SPRAGUE® 
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tomorrow's design 
and styling • • • 

The sleek, efficient and streamlined "New Look", which characterizes the 

styling of Roller- Smith's entire line of hclicoting instruments, symbolizes the 

advanced thinking and improvements incorporated in the design of every 

integral part contained in each and every mechanism. 

Specify and install them in your equipment with the complete assurance that 

—they are every bit 'as good as they look'. 

Whether the instrument you buy is "staidard" or must be designed ana made 

to order—be sire its dial bears the name of the master Instrument Makers— 

Roller-Smith—the epitome of instrumert quality for nearly fifty years. 

C OR P 0 RATIO 

1825 WEST MARKET STREET BETHLEHEM, PENNSYLVANIA 

Precision Products Si»nce 1908 

See Roller Smith Prodlus featuring "tomorrow's design and styling toda" at Booth 702 I. R. E. Show, Kingsbridge Armory, New York City, March 21-24, 1955. 
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Now— an entirely new kind of signal cable! 

PHELPS DODG 

COAXIAL CABLE 
with exceptional 

Community Antenna System 

characteristics 

PHELPS DL,DGE SP,RL 

Spirafil coaxial signal cable was de-

veloped by Phelps Dodge as a companion 
cable to Styroflex coaxial cable. It is de-

signed for specific use in applications 
where the precise Styroflex tape helix 

construction is not required. 

This unique signal cable is made up of 
a solid copper center conductor, a solid 

polyethylene helix and an outer, tubular 
aluminum conductor. 

Spirafil cable is particularly adaptable 

to use in community antenna systems. For 

this purpose, it has a number of outstand-

ing features—no radiation, low attenuation, 

excellent frequency response, uniform electrical 

properties over wide temperature variations and 

unlimited operating life. 

Spirafil cable is one of that select group 

of cables assigned the highest life expect-
ancy rating. 

These special Spirafil characteri tics, 
together with the economical cost oÇ the 

cable, also make it suitable for c tain 

applications in VHF, UHF and micro-
wave communications circuits. 

Spirafil cable is manufactured in 1000-

foot, continuous lengths without joints. A 
Habirlene (polyethylene) jacket is sup lied 

for protection against corrosion whe the 

cable is to be installed in undergrcund 

ducts, under water, or buried directv in 

the ground. 

* * 

For special bulletin describing 

Spirafil coaxial cable, write Dept. H 

PEPS BM COPPER PRODUCTS 
CORPORATION 

40 WALL STREET, NEW YORK 5, N. Y. 

ew 
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Regulated Klystron 

Power Supply 

FXR Type Z816A 
Regulated Klystron Power Supply 
Beim: 300 to 500 V. up to 65 MA. 
ReEeaor: O to 600 V. 
Metered voltages and beam current. 
Modulation: Square wave and sawtooth 

(sync. and external modulation jacks) 

FXR Type X763A Tube Mount 
Mounts 2K2S Klystron r Tube incl.) 
Built-in 15 DB variable waveguide attenuator 
Frequency Range: 8,500 to 9,600 MC/S 

FXR Type X105A Slotted Section 
Friction Drive 
CM vernier scale 
Special narrow tapered slot 
Precision broached waveguide ( 1" x 1/2 ") 
Built-in fixed-tuned probe with 

radiation suppression 
Frequency Range: 8,200 to 12,400 MC/S 
1N23B Crystal supplied 

FXR Type 8810A Standing Wave Amplifier 
Standard FXR Precision Component 
VSWR Ranges: 1 to 3, 3 to 10, 10 to 30, 

30 to 100 
Modulation Range: Wide band 300 to 4,000 CPS 

Narrow land 1,000 ± 50 CPS 
Metered Bolometer Bias: 3.5 to 9 MA. 
Separate output jack ( from cathode follower) 
Calibrated Meter Scale: VSWR, DB, MA. 

Other information available upon request. 

"MICR01947 PACKAGE 

Tubi Mount 

and Pad 

Slotted Section 

and Probe 

Standing Wave Amolifier 

COMPLETE BASIC EQUIPMENT 
For measurements in the "X" band frequency range. 

MICROwave VALue is packed into this FXR engineered pack-
age of companion instruments . . . made for each other, and 
priced right for budget minded schools and industry. The 

versatile Power Supply and Modulator unit drives the Klystron. 

The variable Buffer Attenuator controls power into the Slotted 
Section, where a sensitive fixed tuned Crystal Detector supplies 

the signal to a Standing Wave Amplifier. You get one well-

integrated package for all purposes, and all these fine value-

packed test instruments for one low price. Individual instru-

ments are also available separately. Be sure to see them at the 

show. Delivery from stock. 

See the complete line of 
FXR PRECISION MICROWAVE TEST EQUIPMENT 

at the I.R.E. Show 

Kingsbridge Armory, March 21-24 

BCOTH No. 375 

'eye 

actronia 8- X- giuidion 
F-R MACHINE WORKS, Inc. 

26-12 BOROUGH PLACE, WOODSIDE 77, N. Y. • ASTORIA 8-2800 
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PORTABLE 

TRANSISTOR EQUIPMENT 

edgraMelde 
IESSTORUIV 

WHEN POWERED WITH AN 

"MINI-MAX" BATTERY 

You need only one "Eveready" "Mini-Max" battery to power transistor 

equipment. Design around one of the many "Eveready" "Mini-Max" 

battery types ideally suited for transistor applications. 

Here are the advantages: 

• More power, longer life in less spate. • Lowest cost-per-hour of operation. 
• Simpler cabinet design — no spring clips needed to hold battery groups in place. 

A single "Eveready" "Mini-Max" battery has only one connection, for simpler 

design and installation. • Nation-wide distribution. When replacements are 
necessary, the user will find "Eveready" "Mini-Max" batteries available everywhere. 

In addition to " Mini-Max" batteries, "Eveready" brand 

includes round-cells and mercury-type Energizers 

for transistor equipment. 

Standard Energizers 

Round-Cells (mercury-type) 

Come see us at The Radio Engineering Show! 

Discuss your transistor power supply problems 

with our staff of battery engineers. 

Booths No. 529-531 

KINGSBRIDGE ARMORY, NEW YORK 

MARCH 21 — 24 

"Eveready", " Mini•Max", and " Nine Lives" 

with the Cat Symbol are registered trademarks 

of Union Carbide and Carbon Corporation 

NATIONAL CARBON COMPANY 

A Division of Union Carbide and Carbol Corooration 

30 East 42nd Street, New York 1 7,N.Y. 

SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, 

Los Angeles, New York, Pittsburgh, San Francisco 

IN CANADA: Union Carbide Canada Limited. Toronto 
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1.ds ne"ight for miniatees 
Dur-Mica DM15 World's Smallest Mica Capacitor 

The First Miniature Dipped Mica Capacitors with Parallel Leads. 

(Shown Actual -Site) 
- 

NOW! Also available . . . 
El Meneo Dur-Mica DM20 

I to 3900 mmf. at 500vDCw 
I to 5100 mmf. at 300vDCw 

IDEAL FOR PRINTED CIRCUITS. Meets all Humidity, Temperature and 
Electrical Requirements of MIL-C-5 Specifications. El Menco's Dur-Mica DM15 estab-
lishes a "new dimension" in capacitor performance with ranges from 1 to 390 mmf. at 
500vDCw and 1 to 510 mmf. at 300vDCw. A new, tougher phenolic casing provides 
temperature co-efficient and stability equal to or better than characteristic F in all but the 
lowest capacity values .. efficient operation at temperatures as high as 125 °C. El Menco's 
Dur-Mica DM15 can be used in a variety of transistor circuits and other miniature 
electronic equipment in military and civilian applications. 
Sells for Less than the famous El Menco CM-15 — Provides Economy of Size with 
Maximum Performance and Widest Application. 

test El Menco " Dur -Micas" for yourself! 

Write for free samples and catalog on your firm's letterhead. 

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

molded mica • mica trimmer 
tubular paper • ceramic 

Jobbers and distributors write to Arco Electronics, Inc., 103 Lafayette St., New York, N. Y. 
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In frequency mete 
it's 

Model 

812 
811 
810 

807B 

FOUR NARDA MODELS COVER 5.85 to 18.0 kmc 
Frequency ( kmc) 

5.85- 8.20 
7.05-10.0 
8.2 -12.4 

12.4 -18.0 

Why? Electronically . . . and mechanically 

. . . Narda offers highest specifications at 

lowest cost. Compare Narda specs/cost 

ratios with any other. You'll agree that in 

frequency meters it is Narda! 

Waveguide Size 

11A x34 
114 x % 
1 x % 

.702 x .391 

Price F.O.B. 

$120.00 
115.00 

110.00 

150.00 

All Narda models offer 0.1% accuracy with 0.05% on special order .... 0.05% 
precision .. . 10% reactive dip minimum . .. low insertion loss. Calibration 
plates are clearly etched for permanent legibility. 

NARDA MODEL 802: 2,400-10,200 mc 

A self-contained instrument with 

two coaxial resonators tuned by a 
single control, type N input con-

nectors, crystal detectors, and crys-
tal current meter for resonance in. 
dication. Features 0.2% accuracy, 
high loaded Q, frequency reading 
from a universal calibration chart 
in the removable cover ( not illus-
trated). No correction charts are 
required. The entire frequency 

range is free from spurious re-
sponses or other ambiguities. 

NARDA MANUFACTURES A COMPLETE LINE OF MICROWAVE TEST EQUIPMENT, THERMISTORS AND BOLOMETERS. 

WRITE OR CALL FOR TECHNICAL LITERATURE . and use the Nardo advisory services without obligation. 

THE NARDA CORPORATION I 
66 MAIN STREET • MINEOLA, NEW YORK 

Pioneer 6-4650 

(Continued from page 1124) 

HAWAII 

Demonstration and description of circuitry, 
International Business Machine Electronic Calcula-

tor #604, by J. P. Erdman, IBM Co.; October 13, 
1954. 

"CAA Airport Surveillance Radar ASR-2," A 

description of design and circuitry, by Frank Kadi, 
CAA; November 10. 1934. 

Symposium and discussion of long range navi-
gational aids, by Capt. P. V. Colmar, Lt. Cmdr. 

R. L. Harris and Stanley Pickarski, U. S. Coast 
Guard; January 12, 1955. 

INDIANAPOLIS 

"Fact. Fancy and Future of Color Television." 

by R. B. McGregor, Arvin Industries; October 18, 
1954. 

INYOKERN 

"Electronic Test Equipment: The Viewpoints 
of the Manufacturer and User,' discussed by W. R. 
Hewlett and R. E. Rawlins, both of Hewlett-
Packard Co.; December 13, 1954. 

ISRAEL 

"Modern Methods in Electronic Navigation," 
by J. Halberstein; December 12, 1954. 

ITHACA 

"Core Memories for High Speed Digital Com-
puters," by W. N. Papian, Mass. Institute of 
Technology; January 6, 1935. 

LITTLE ROCK 

"Behind the Scenes in Television." by program 
and production staff of station KARK; December 
14, 1954. 

LONG ISLAND 

"Ferromagnetism Applied to Microwave Cir-
cuit Techniques," by J. H. Rowell, Bell Telephone 
Labs.; December 14. 1954. 

"Compression-Expansion of Speech." by Dr. 

W. L. Everitt, University of Illinois; January 11, 
1955 

Mil.wauxxis 

"Photoconductive process," by Dr. Rudolf 

Frerichs, Faculty, Northwestern University; No-
vember 18. 1954. 

"Ferrites," by Dr. H. M. Schlicke, Allen 
Bradley Co.; December 9, 1934. 

NEW YORK 

"Modern Magnetic Ferrites and Engineering 
Applications," by C. D. Owens. Bell Telephone 
Labs.; December 1, 1954. 

NORTH CAROLINA-VIRGINIA 

"Television Coverage of Coronation of Queen 
Elizabeth II of England," by Prof. Maurice Valet, 
Catholic Faculty of Sciences of Lyons, France; 
December 10. 1954. 

"Granpa," by Dr. V. S. Carson, North Carolina 
State College; January 14, 1955. 

NORTHERN NEW JERSEY 

"Design Principles in Negative Feedback 

Transistor Amplifiers." by F. H. Blecher and T. R. 

Finch (Mr. Finch delivered the paper), both of Bell 
Telephone Labs.; January 12, 1955. 

Orr-know. CITY 

"Computers Without Numbers," by J. B. 
Wiley, Oklahoma University; December 14, 1954. 

'The Bell Solar Battery,' by Fl. J. McMains, 
Southwestern Bell Telephone Company; January 
11, 1955. 

SEE US AT THE IRE SHOW: BOOTH 378 MICROWAVE AVE. 
(Continued on Page 1224) 
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0. ... for any glass-to-metal 

sealing problem 

Electronic Engineers and Designers ... we're con-
vinced that you'll find Constantin's new Kit #3 will 
really help those of you who have not used glass-to-metal 
vacuum seals before. We're sure that once you try this 
type of seal you'll find, as thousands of others have, that 
their performance characteristics will solve many of your 
present design problems. 

The kit contains over two-dozen of the more popular, 
high-compression glass-to-metal headers, connectors, and 
terminals. Packed in an attractive, sturdy plastic case, the 
assortment features hooked, straight, and pierced-flat 
pin styles. Plug-in types including octals, as well as 7 

MANUFACTURING ENGINEERS 

Route 46 Lodi, New Jersey 

Also manufacturers of Glass-to-PlIctal 

HEADERS • TERM NAIS • END SEALS • TRANSISTOR MOUNTS • CRYSTAL BASES & COVERS • VACUUM COATING EQUIPMENT 

and 9 pin units to fit the standard R.M.A. miniature and 
noval sockets, are also contained. The range of header 
diameters includes the most commonly used sizes from 
.375" to over 1.000". Header and single terminal eyelets 
include straight-sided, shoulder, and flanged types to 
satisfy a wide variety of mounting requirements. 

These are standard seals, selected from the complete 
line of glass-to-metal vacuum seals for which L. L. 
Constantin is famous. Send for your kit today. Only $14.95. 

Pe !If IV RR MUM PIP MR PM PM MN MIL 

L. L. Constantin & Co., 

Lodi, N.J. 

Enclosed is check/money order 

.< # 3 Compression Kits at $ 14.95 each. 

VISIT US AT BOOTHS 503-505, 

COMPONENTS AVE., I.R.E. SHOW, N. Y. 

PROCEEDINGS UF II iii I.R.E. tir h, 
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see., 1,000,000 
OPERATING CYCLES! 

That's why the SYSTEM ANALYZER CORP. 

Chose Tech Laboratories Tap Switches 

for $200,000 Electronic "Brain" 

With more than 2100 tap switches incorporated in the design 
for the'r huge analog computer, engiieers at the System Analyzer 
Corp., Nokomis, Illinois, made exhaustive tests to check 
the efficiency and operating life of many types. Of all 
those tested, Tech Laboratories Type 2C and 2A Tap Switches 
were the only ones that met every requirement. After 
1,000,000 complete cycles of operation, they showed 
approximately the same contact resistance as 
at the beginning. 

Designed primarily for analyzing electrical power 
networks — as large as the power system of an entire 
city — the electronic "brain" handles mathematical 
problems with as many at 220 unknowns, 400 times 
faster than the work can be done marually. It 
is easy to understand why dependability is a major 
factor in the selection of its components. 

See us at booth ±L-656, Circuits Ave. 

WRITE FOR FULL INFORMATION 

01.ABORATORIES, INC.6) 

Manufactwers of 

Precision Electrical Resistance Instruments 

PALISADES PARK, NEW JERSEY 

TYPE 2C TAP SWITCH 

SPECIFICATIONS 

Contact resistance: 3-4 miiliohms 

Contact material: Silver plated brass 

Contact design: laminated wiper arm, 

self-cleaning, shorting  No of con or tacts: non-shorting2 to 24 single 

2 to 11 double pole, 2 pole. 

to 7 triple pole, 2 to 5 four po/e; shorting or non-shorting 

Spacing: 15' or 20° shorting or 
non-shorting 

No. of poles per deck: 1 to 4 
No. of  ments decks: According to require-

Current  Max. carrying cap.: 3 amp. operating voltage: a.c. 

Mounting 120 V., 
Size 1 " dia. 3/8": Single hole, -32 bushing : 1  

Detent: Ball and spring 

Weigh t: Approx. 1 oz. Per deck 

120A WHEN WRITING TO ADVERTISERS PLEASE MENTION-- PROCEEDINGS OF TM? I.R.E. .11,7re, 1955 



Costs go tumbling... 
when standard 

1adio Receptor rectifiers 

do the work of 

specials in magnetic 

ampliter applications 

Mr. Dornhoefer (upper right) 
inspects current production 
of magnetic amplifier regu-
lator with Mr. J. F. Hysler. 
Rating of the motor genera-
tor set it regulates: 
Output: 5KVA, 120 V, 
3 phase, 400 cycles. 

Input: 175 to 345 V, DC. 
Regulation accuracy: 
±0.5% on both voltage 
and frequency. 

Ambient temperature: 50°C. 
Made for and has passed 

H. I. shock tests. 

L. 

One of the Radio Receptor recti-
fiers incorporated into Regulator 
Equipment Corp.'s magnetic 
amplifier regulator. 

Here's a magnetic amplifier regulator just off the production 
line at Regulator Equipment Corp.'s plant in Paterson, N. J. 
It includes eight RADIO RECEPTOR selenium rectifier types 
using standard quality cells for a total of 18 units in all, and 
regulates the voltage and frequency of 400 cycle motor 

generator sets aboard many of Uncle Sam's submarines. 

"The decision to use standard stacks," says Warren Dorn-
hoefer of Regulator Equipment Corp., "is governed by such 

factors as desired magnetic amplifier performance, reactor 
core material, ambient temperatures, power supply. frequency 

and many others. Naturally we aim for the right combination 
to give best overall results." 

"It has been our experience," continues Mr. Dornhoefer, 

"that the standard RADIO RECEPTOR stacks we use perform 

highly satisfactorily in this mag-amp application and in others 
we have designed and produced. When we see such excellent 

results from the regular stacks we prefer to be realistic — 
particularly when delivery and cost are factors." 

Naturally, stock rectifiers are not always the answer for 
every magnetic amplifier circuit. We can and do supply 

specials where necessary. We suggest you let us study your 
specs the next time you require rectifiers for this purpose. 

Chances are we can save you money — and time! 

We also manufacture transistors and 
silicon and germanium diodes. 

Semi-Conductor Division 
RADIO RECEPTOR COMPANY,. INC. 

In Radio and Electronics Since 1922 

SALES DEPARTMENT: 251 WEST 19th STREET, NEW YORK 11 TELEPHONE: WAtkins 4-3633, FACTORIES IN BROOKLYN, N. Y. 

See our exhibit at the IRE Show, March 21-24, Kingsbridge Armory, Booths 571-513 Components Avenue 

Really 

Reliable 
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FIRST 
APPEARANCE 

I. R. E. 
SHOW 

March 21 thru 24 

Lambda-Pacific is proud to announce the premier of another 
new product... The KU Link! This microwave link is a worthy 

addition to its companion system, the 5-7 KMC, 1 watt, Lambda Link, 

which is presently being used by both the Bell System and commer-

cial television stations. 

The KU Link now makes available the 11-13 KMC frequency 

range previously allocated by FCC for STL, common carrier and 

remote service. Extreme portability added to the fact that all circuits 

are monitored enhances the usefulness of this unit. 

SYSTEM CHARACTERISTICS OF KU LINK 

Identification: 
Service: 

Power into Antenna: 
Frequency Range: 

Frequency Measurement: 

Packaging: 

Weatherproofing: 

Type 1100/1200 

Common carrier; STL; Remote T. V. pickup. 

100 MW 

11-13 KMC 

Wavemeters in BOTH transmitter and 

receiver. 

Transmitter, rece.ver, and power supplies in 

"suitcase" housing. 

R. F. heads completely weatherproofed. 

This system will be shown or Booth 386. Microwave Ave., in the 

I.R.E. Show, March 2 I thru 24. For additional information write 
P.O. BOX 105, VAN NUYS, CALIF. 

Inquire about our "new" Tek-Art Division which specializes in the 
manufacture and development of printed circuits and terminal boards. 
This division also specializes in silk screen processing as required by 
the electronic industry. 

(Continued front page 1I8A) 

OTTAWA 

"Operational Research Applied to Engineer-

ing," by Dr. G. R. Lindsey. Defence Research 
Board; December 9, 1954. 

PHILADELPHIA 

"Automation in the Automotive Industry." by 

J. E. Cunningham, Wilson Automation Company; 

October 14, 1954. 
"Automatic Fabrication in the Electronics In-

dustry," by Cledo Brunetti, General Mills; October 

21, 1954. 
"Etched Circuits," by Donald Mackey:R.C.A.. 

and " Mechanization Techniques and Standards for 
the Use of Printed Circuitry." by Frank B. Iles and 

J. J. Graham, both of R.C.A.; October 28, 1954. 
"Flexible Control of Electronic Assembly Auto-

mation," by G. W. Gamble, G. E. Adv. Elect. 

Center, and "Modular Approach to Mechanized 
Assembly," by R. L. Henry. A.C.F. Corp.; Novem-

ber 4, 1954. 
"Instrumentation and the Analogue Computer in 

Process Control." by D. P. Eckman, Case Institute 
of Technology, and "Important Developments 

Affecting Automation in Chemical Plants." by V. F. 

Hanson, E. I. DuPont de Nernouns & Co.; Novem-

ber 11, 1954. 
"Management Aspects of Automation." by 

W. W. Beardslee, General Electric Company; No-

vember 18, 1954. 
"Solar Batteries." by D. C. Reynolds, Wright-

Patterson A.F.B., and Gordon Raisbeck, Bell Tele-

phone Labs.; December 13. 1954. 

PHOENIX 

"Etched Circuits." by Larry Ott and George 

McLaughlin, both of Hughes Aircraft; December 9, 

1954. 

PITTSBURGH 

"LORAC—Radiolocation by Phase Compari-

son," by W. R. Hunsicker, Seismograph Service 

Corp.; December 13, 1954. 
"Junction Transistors Used as Switches." by 

Dr. R. L. Bright. Westinghouse Electric Corp.; 

January 10, 1955. 

PORTLAND 

"Electronic Aspects of Civil Defense," by 
James Deer, Iron Fireman Company; Films, " Main 
Street USA" and "Use of Radiological Instru-

ments"; December 22, 1954. 
Uses of germanium and silicon as transistors 

and photocells, demonstrated by Dr. W. H. Brattain, 
Bell Telephone Labs.; January 12, 1955. 

PRINCETON 

"Electronics at Brookhaven." by R. L. Chase. 
Instrumentation Div. of Brookhaven; December 9, 

1954. 
"An Outguessing Machine, A Sophisticated 

No-Arm Bandit," by Dr. D. W. Hagleberger, Bell 

Telephone Labs.; January 13. 1955. 

ROCHESTER 

"Federal Airways Operation and Radio Con-
trol of Aircraft," by G. R. Freitag, Rochester Air-

port; December 7, 1954. 

ROME-UTICA 

"Nuclear Reactor Design." by G. D. Roy; 

January 4, 1955. 

SACRAMENTO 

"Transistors and Their Application in Switch-
ing Circuits." by J. M. Pettit, Stanford University; 

January 14, 1955. 

(Continued on page 130A) 
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Gouncb]m wzikw CAST Fra - 4!) srr 
Manufacturers of Capacitors, Filters, Pulse Transformers, 

Delay Lines and Linear Variable Differential Transformers. 

In 6 Plants • Main Plant 
340 West Huron Street 
Chicago 10, Illinois 
• 20401 Old U.S. 12 W. 
Chelsea, Michigan 

• 190 Commercial Street • 9200 Exposition Boulevard 
Sunnyvale, California Los Angeles 34, California 

• Dilectron Division 
2661 South Myrtle 
Monrovia, California 

• Terryville, Connecticut 

Write for latest technical data on any of the following: 

M IL-C-25A Capacitors 
High Voltage Glass Cased Capacitors 
(GC Typo) 

Motor Starting Capacitors 
(Paper Dielectric-Oil Impregnated) 
Paper Tubular Capacitors 
Hi-Temperature-Plastic Dielectric 
Capacitors (XC Types-165°C) 
Miniature Hi-Temp Capacitors 
(XH Types-125°C) 
Dry Electrolytic Capacitors 
Noise Suppression Filters 
Delay Lines 
Pulse Transformers 
Ceramic Capacitors 
Plastic Dielectric Capacitors 
(337 ci. 338 Types) 
Linear Variable Differential 
Transformers 
Metallized Paper Capacitors 

See these products at Booth 407 I.R.E. Show 

*Gudeman Sales Offices and Representatives 

in 17 U.S. and 2 Canadian Cities. 

MAIN OFFICE: 340 WEST HURON STREET • CHICAGO 10, ILLINOIS 
PHONE DElaware 7-7400 

Manufacturers of Electronic Components for Military and Commercial Applications. 



Flexibility in Application 

Versatility in design... 

packaged 
analog-digital 
converters 

Shaft Position to Digital Converters features 

reliability, long life, non-ambiguity and speed 
makes these converters ideal for computers or 
data handling systems where serial read-out is 
preferred. Librascope converters transmit infor-
mation at almost any rate desired up to 1 mc and 
in some cases above, and may be multiple time-
shared, holding extra circuitry to a minimum. 
All units quickly adjustable, syncro-mounted. 
Available in Binary, Gray code or Binary deci-
mal code as shown in chart below. Special units 

may be designed to your order. 

Write for catalog information. 

BINARY 

BINARY 

CODED 

DECIMAL 

* SPECIAL 

UNITS 

AVAILABLE 

RESOLUTION PER 

INPUT SHAFT REV. 

7 digit 

13 digit 

17 digit 

19 digit 

0-2000 

0-3600 

0-20,000 

0-36,000 

Engineers, physicists and mathematicians 
interested in challenging California careers, 

contact Mac McKeague, Personnel Director. 

RESOLUTION 

OVER FULL RANGE 

Precision gearing 
Shaft Speed: 120 rpm continuous 
Operating temp: —55° C to + 75° C 
Shock and Vibration: up to 15 G. 5 to 500 cps. 

1 part in 128 

1 part in 8192 

1 part in 131,072 

1 part in 524,288 

1 part in 2000 

1 part in 3600 

1 part in 20,000 

1 part in 36,000 

1 part in 256 

DIMENSIONS 

DIAMETER X LENGTH 

2" x 31%2" 

2" x 41%6" 

2" x 41%6" 

Life Expectancy: Function of lead current. 
For 13 digit unit @ 2 ma. per brush, life approx. 
5x108 breaks or makes at approx. 120 rpm. 

A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 

FEATURES: 

• Unique, staggered double 
brush pick-off system. 

• Reads out serially into 
relays or single or multiple 
scan matrices. 

• Analog-digital or digital-
analog operatior. 

• May be time-shared. 

• Syncro-mounted 

• Associated circuitry can be 
designed to fit your 
data-handling problems. 

IBMSCOPE 
COMPUTERS. COMPONENTS AND CONTROLS. 

LIBRASCOPE , INC. • 808 WESTERN AVENUE • GLENDALE, CALIFORNIA 
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write for new 
illustrated brochure, 
"Modern Components" 

This new brochure 
describes and illustrates a 
wide variety of 
transformers and magnetic 
amplifiers produced to 
meet unusual and difficult 
specifications. 

Write today for 
your copy. 

PROCEEDINGS OF THE I.R.E. 

high voltage 

low current 

D . C. 

SX.7 /b)P]ilL4'Ir 

ideal for aircraft, guided missiles, 

other applications with limited 

space and weight 

This special D.C. power supply, now being produced by Keystone, has 

an output of 4500 volts at 1 milliamp with an operating frequency 

of 6000-13,000 cycles per second. Input is 150 volts. The unit is oil 

filled, hermetically sealed, and can be used effectively from 

—55 °C. to +75°C., and to altitudes of 60,000 feet. 

This versatile component is ideal for any application, military or 

comrnerciaI, where space and weight are critical factors ... and it is 

typical of the unique components produced by Keystone to meet 

unusual standards of perfor.mance, adaptability and reliability. 

Each is a custom-engineered unit designed to solve specific problems 

which standard transformers or magnetic amplifiers cannot solve. 

If you have an application for a low-input D.C. power supply like the 

one above—or if you have an unusual specification demanding unique 

performance from a transformer or magnetic amplifier— 

contact the Engineering Department today. 

See Keystone's new transformers and "Moto Mugs" at 

booth # 804, I.R.E. show 

le/ 
egageleng PRODUCTS COMPANY 

1204 23RD STREET UNION CITY 2. N. J. 

March, 1953 125.‘ 



+15 stable 
voltage 
in face of 
305 line 
variations 

TYPICAL EXAMPLE OF SOLA VOLTAGE REGU-

LATING ACTION. The recording on the left 
represents a fairly common condition of voltage 
fluctuation on a 115v line. The chart on the right 

Voltage-sensitive electrical and electronic equipment 
can not operate to performance specifications under 
conditions of voltage fluctuation. A source of constant 
voltage can be easily supplied with a Sola Constant 

Voltage Transformer . . . built-in as a component, or 
used externally as an accessory. 

STANDARD TYPE CV 
Twenty-nine units from I5va to 
10kva in a common power line and 
filament voltage ratings ... regula-
tion or less with a total 
primary variation of 30% . . . for 
electronic and electrical equipment 
requiring close regulation. 

HARMONIC-NEUTRALIZED 

TYPE CVH 
Six units from 60va to 2kva in-
put range 95-125v, output 115v . . . 
all the features of the Standard Type 
CV plus a harmonic neutralizer cir-
cuit ... -±-1% regulated voltage with 
less than 3% harmonic distortion. 

was made at exactly the same time from the same 
line. The primary of the Sola regulator was fed the 
voltage charted on the left, the voltage charted on 
the right represents ir..econdary output, tegulated 
to within ±-1% of 115v. 

Among the chief advantages of Sola regulators are: 

dependable, automatic operation (static-magnetic regu-
lation) . . . substantially instantaneous response ( 1.5 
cycles or less) . . . no maintenance (no moving or 

expendable parts) . . . and immediate availability (40 
stock units in a wide variety of ratings). 

ADJUSTABLE, HARMONIC-
NEUTRALIZED TYPE CVL 

Two ac voltage supply units, 250va 
and 500va ... input range 95-I25v, 
output range adjustable from 0-130v 
... regulated -±- I harmonic distor-
tion less than 3r;, ... for general lab 
work, testing and other applications. 

LA 6/tee4eteeeee TRANSFORMERS 

PLATE AND FILAMENT TYPE CVE 
Three units in popular power supply 
ratings ... a single, compact source 
of filament and plate supply voltages 
. regulated to within -±-3r; or less 

with line voltage variations of 100-
130 volts ... supplied with separate 
capacitor for chassis mounting. 

VISIT SOLA'S I.R.E. BOOTH. See 
the latest in REGULATED DC 
POWER SUPPLY units. Booth 537, 
I.R.E. Show, New York, March 
21. 

Transformers for: Constant Voltage • Fluorescent lignting • Cold Cathode Lighting • Mercury Vapor Lighting • Plastic Signs 
SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 • BOSTON: 272 Centre Street, Newton 58, Mossochasetts 
NEW YORK 35, 103 East 125th Street • LOS ANGELES 26: 2025 Sunset Boulevard • PHILADELPHIA: Commercial Trust Building 
CLEVELAND 15, 1836 Euclid Avenue • KANSAS CITY 2, MISSOURI: 406 West 34th Street • Representatives in Other Principal Cities 

., 
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you can BOSS this plant 
and Solve Your Precision Component Sub-Contracting 

Problems as These Leading Companies do: 

• A. C. Spark Plug Division — 
General Motors Corp. 

• Chance Vought Aircraft, Inc. 

• Crosley Division, AVCO Mfg. Corp. 

• Eastman Kodak Company 

• The Emerson Electric Mfg. Co. 

Where quality control 
works on the production 
line... producing 
Gyros ( rate and 
integrating), Pressure 
Transmitters, 
Accelerometers, 
Synchros, Air Speed 
Indicators, Actuators 
and many other 
precision- built 
components. 

• • • 

• Emerson Radio & Phonograph Corp. 

• Farrand Optical Company, Inc. 

• Hughes Aircraft Company 

• The Glenn L. Martin Company 

• McDonnell Aircraft Corp. 

• Westinghouse Electric Corp. 

Not only this plant with its precision production equipment ... not only 

the laboratories with their intricate testing facilities ... but, above all, 
the abilities and the brains of the men of Greenleaf are at your service. 
To utilize our unusual development, engineering and manufacturing 
experience ... we solicit the kind of projects that make others hesitate. 

A telephone call or wire will put us in touch with you immediately. 

ENGINEERING • DEVELOPMENT • PRODUCTION 

THE 

See us at the I.R.E. Show, Booth No. 40, 
Kingsbridge Palace, March 21-24. 

enleaj MANUFACTURING COMPANY 
7814 Maplewood Industrial Court • Saint Louis 17, Missouri 
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KEEP AHEAD ESIGNS 

RCA UHF "PENCIL" TYPES 
. . for superior efficiency 

in UHF communications. 

RCA PREMIUM TYPES 
. .. for added reliability 

in industrial and 
military environments. 

RCA COMPUTER TYPES 
. . for dependable, 
uninterrupted use in 
computer applications. 

RCA LOW- NOISE TYPES 
. . for low- noise 

operation in critical 

audio applications.. 

RCA "SPECIAL REDS" 
. .. for exceptional uniformity, 

stability, dependability, and 
minimum life of 10,000 hours. 

...Choose RCA 
Industrial 

Receiving-

Type 
Tubes 

RCA VR's and THYRA ' ONS 

... for stability and dependability 
in control circuits. 

To help get your 

,,hare of the enormous 

market potential in 

the expanding industrial 

and communications 

fields, RCA research and 

manufacturing facilities 

bring you this important 

family of industrial 

receiving- type tubes. 

The line offers you a wide 

latitude in designing 

"industrial type" circuits 

—and, of course, offers you 

the famous RCA standard 

of performance. 

See the array of RCA Tubes, 
Semiconductor Devices, 
Components, and Test 

Equipment ... of the IRE 
Show—Booths 151 to 155 

RADIO CORPORATION of AMERICA 
ELECTRON TUBES HARRISON, N.J. 
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John N. Dyer 
DIRECTOR, 1955-1956 

John N. Dyer was born in Haverhill, Massachu-
setts on July 14, 1910. Attending Massachusetts 
Institute of Technology, Mr. Dyer in 1931 received 
the B.S. degree in electrical engineering. 
He was in charge of radio engineering from 1933 

to 1935 for the Byrd Antarctic Expedition II. 
Upon his return to this country, he joined the Gen-
eral Engineering Department of CBS, and in 1937 
he became Assistant Chief Television Engineer. At 
the Radio Research Laboratory of Harvard Uni-
versity, Mr. Dyer in 1942 led the group which de-
veloped vhf transmitters. Early in 1944 he became 
a Director of the American British Laboratory of 
the National Defense Research Committee in Eng-
land. It was his responsibility to assist the services 
in making maximum use of the countermeasure 
equipment developed at Harvard and other U. S. 

laboratories. After VE day Mr. Dyer was appoint-
ed head of the Radio Research Laboratory's field 
division. Following this work he joined the Air-
borne Instruments Laboratory where, in 1950, he 
became Director of the Research and Engineering 
Division and, in 1951, Vice- President and a mem-
ber of the Board of Directors. Under Mr. Dyer's 

supervision, the former Radar and Air Navigation 
Section conducted air traffic control studies and 
experiments in the use of radar at L and S bands 
for terminal air traffic control. In addition, he con-
ducted general studies on all phases of air naviga-
tion and air traffic control for the Air Transport 
Association. These studies pioneered in the use of 
ground radar in civil aviation and led to equipment 
development at the Airborne Instruments Labora-
tory of rf components, high performance receivers, 
special antennas, and improvements in MTI tech-
niques. The work of Mr. Dyer's section also in-
volved video mapping, circular polarization, track-
while-scan, and taxi radar. 

Mr. Dyer joined the IRE in 1930 as a Junior 
Member. He became an Associate in 1932 and a 
Senior Member in 1945. In 1949 he received the 
Fellow Award "for administrative and technical 
contributions to radio, including polar-expedition 
communications and important wartime radio 
countermeasures." Mr. Dyer has served on the 
Navigation Aids Committee and as a representa-
tive for the Long Island Subsection. In 1950 he was 
elected Chairman of the subsection. 
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The Greatest Show on Earth 

On the evening of Tuesday, March 15, the van-
guard of a giant caravan of trucks will begin pour-
ing into New York City from every part of the 
country. By early Wednesday morning these ten-
and fourteen-wheel monsters will be backed up for 
eight blocks outside the Kingsbridge Armory and 
the nearby Kingsbridge Palace in the Bronx, wait-
ing to disgorge hundreds of boxes. The boxes will 
be many sizes and shapes, but their labels will be 
same: " 1955 IRE National Convention." 
As the boxes stream into the mammoth Armory, 

a 1,000-man army of movers, riggers, carpenters, 
iron workers, painters and electricians will begin 
the task of unpacking and setting up the exhibits. 
Their movements will be controlled by a platoon 
of supervisors and messengers mounted, believe 
it or not, on bicycles so that they can speedily 
reach any of the 704 exhibit locations on the enor-
mous four-acre drill floor. 
By the end of the day, 100 trailer trucks will 

have filed to the loading platform, been unloaded 
and sent on their way. The following morning the 
line of trucks will still be eight blocks long. 

In fact, the unloading process will continue at 
a rate of 100 trucks a day for four more days before 
the seemingly endless stream ceases. Finally, on 
Sunday night, a four-mile line of trucks will be 
empty, the unpacking of 20,000 boxes will be 
completed, the exhibits will all be assembled, two 
lecture halls will be equipped, registration facilities 
will be set up, and a 1,000,000-watt substation will 
be installed and connected to the vast array of 
booths. 
Sunday night will see the midnight oil burning 

also at the Waldorf-Astoria Hotel in mid-town 
Manhattan, as the work of setting up six more 
lecture halls, convention headquarters, and sixty 
feet of registration desks nears completion. What 
will not be visible to the eye is the seven months of 
hard work which 175 volunteer committee mem-
bers spent in planning and making arrangements 
for the technical program, banquet, cocktail party, 
facilities, registration, publicity, and so on ad in-
finitum. 

The magnitude, as great as it is, of all these 
preparations and labors is far overshadowed by 
the importance of what will take place on March 
21-24. On those dates 40,000 people are going to 
attend the greatest engineering show and conven-
tion on earth. They are coming because they can-
not afford to miss it. 
One of the things they cannot afford to miss is 

the most extensive program of technical papers in 
IRE history. A grand total of fifty-five sessions 
will be presented during four days at the Waldorf-
Astoria, Kingsbridge Armory, and Belmont Plaza. 
This means there will be something like 275 papers 
and discussions by the leading authorities in the 
field. They will reveal a host of new technical de-
velopments in just about any subject you could 
mention (e.g., remote control of space stations, 
designing machines to simulate the behavior of the 
human brain, high fidelity, to name a few). The 
complete menu of this savory technical feast be-
gins on page 348 of this issue. 
Another reason that 40,000 people are coming is 

the fabulous Radio Engineering Show. You would 
have to see it to believe it, because it defies descrip-
tion. Suffice it to say that the visitor who tours the 
704 exhibits will learn more about the radio-
electronic industry in four hours than he otherwise 
could in four months, or probably four years. 

There is one last and especially important thing 
that 40,000 people are coming to see—each other. 
The value which an engineer derives from meeting 
other engineers and exchanging ideas with them is 
immeasurable. In two minutes he can learn from 
the experience of another what it would take 
months to learn by himself. The convention offers 
unlimited opportunities of enjoying this stimulat-
ing experience of personal contact, not only at the 
sessions and exhibits, but also at the other features 
of the convention: the annual meeting of the IRE 
Monday morning, the cocktail party Monday eve-
ning, and annual banquet Wednesday night. 
Many rich rewards await you at the IRE Na-

tional Convention. And they cannot be had by 
staying home and reading about them. 

—The Managing Editor 



260 PROCEEDINGS OF THE IRE March 

A Large Signal Theory of Traveling-Wave Amplifiers* 
P. K. TIENt, ASSOCIATE, IRE, L. R. WALKERt, AND V. M . WOLONTISt 

Summary—The large-signal or nonlinear behavior of the 
traveling-wave amplifier is calculated in this paper by numerically 

integrating a set of equations of motion, which is essentially that of 
Nordsieck, but includes the space-charge repulsion between the 
electrons. The calculations were made assuming a loss-free circuit 
and a small coupling between the circuit and the beam. A method of 
computing the space-charge field, by summing the forces between the 

electrons, is fully described. It is found that in the large signal 
theory a parameter k is required in addition to the space-charge 
parameter QC. 1/k measures the range of action of the space-charge 
forces and is proportional to the beam radius. The other parameters 
Including QC are those defined in the linear theory. 

Twenty cases covering useful ranges of the design and the operat-
ing parameters have been computed. The numerical integrations 
were done by type 701 IBM equipment. The amplitude and the 
phase of the circuit wave as functions of the distance are given for all 

the cases. It is found that the limiting efficiency increases with the 
electron injection speed, as found by Nordsieck, and increases with 
the space-charge parameter QC when QC is small, but decreases 
rapidly for larger QC. The efficiency also increases with the beam 
radius, or 1/k, provided the assumption that the field and the cur-
rent are uniformly distributed over the cross section is valid. Finally 

the electron motion in high level operation is analyzed. The effect of 
QC and of k on efficiency are explained. The study indicates several 
possible ways of improving the limiting efficiency. 

INTRODUCTION 

T
HE HIGH LEVEL or nonlinear behavior of the 
traveling-wave amplifier has been analyzed by 
Nordsieck.' Among the simplifications which were 

made to make the problem tractable was a neglect of 
the space-charge forces between the electrons. At high 
level, when electrons start to overtake one another, the 
space-charge field is generally not negligible, and in some 
cases may even be much greater than the circuit field. 
It is therefore the purpose of this paper to extend 
Nordsieck's model to include the space-charge inter-
action. For a better understanding of the problem, we 
shall review briefly some important features of Nord-
sieck's analysis and then come to the problem of space 
charge. 

Let us consider the major assumptions which are 
made. In the first place, the model used is one dimen-
sional, in the sense that we shall speak of a charge 
density, current and velocity which are functions only 

of distance along the tube (and of time). Thus, all elec-
trons with a given co-ordinate z are supposed to be 
acted upon by the same rf fields, whereas, in fact, the 
circuit field will be stronger and the space-charge field 
will be weaker for the outermost electrons. The "elec-
trons" considered in the • model may be considered to 
represent the average behavior of all the electrons in the 
beam at a given z. In the same way the excitation of the 

'' Original manuscript received by the IRE, October 7, 1954; re-
vised manuscript received, December 6, 1954. 
t Bell Telephone Labs., Murray Hill, N. J. 
1 A. Nordsieck, "Theory of the large-signal behavior of traveling-

wave amplifiers," PROC. I.R.E., vol. 41, pp. 630-637; May, 1953. 

circuit by the beam is represented by the integrated 
effect on the circuit of all the charges at a given z. The 
circuit, furthermore, will be supposed to have a finite 
impedance for the fundamental angular frequency, co, 
only, or stated more specifically, only the fundamental 
frequency component of the beam current excites a 
propagating mode on the circuit. This is generally true 
in actual tubes as the circuit impedance is small for 
harmonics. It is also assumed that the coupling of the 
beam to the circuit is weak, or using Pierce's2 terminol-
ogy, that the gain parameter, C, is small. This has the 
effect of insuring that the circuit voltage changes only 
slightly in one wavelength and that the de beam veloc-
ity, circuit velocity, and the resultant wave velocity 
are all close together. The latter proviso implies that 
the backward wave on the circuit remains very far from 
synchronism with the electrons. Because of this lack of 
synchronism it is considered legitimate to suppose that 
the effect of the backward wave upon the electrons may 
be ignored. One calculates therefore only the excitation 

of the forward wave. The tube is supposed to be of 
infinite length, so that what is sought is a "natural" 
nonlinear solution, periodic in time, which shall be the 
generalization of the growing wave solution of linear 

theory. 
The features of the model so far described are just 

those of Nordsieck's treatment. In the present analysis 
we wish to add to this model a representation of space-
charge forces, or more precisely, the electrostatic inter-
action between the electrons. This may be carried out 
in a way which is consistent with our earlier assump-
tions, if we suppose that our "electrons" are uniformly 
charged discs concentric with the helix but not filling it 
(the latter for these purposes being thought of as a con-
ducting cylinder). It is a straightforward matter to 
calculate the force exerted by one such disc on another 
at a given distance. Integrating over the z-distribution 
of electrons, we find the space-charge force at any point. 
To the extent that C is small, we are able to calculate 
the space-charge force at a point with sufficient ac-
curacy although the electron paths are not yet in-

tegrated beyond the point in question. This, of course, 
is essential if we are to carry out a step-by-step in-

tegration. 

THE EQUATIONS 

For coherence it is desirable here to recapitulate some 

important features of the equations which will be used 
in calculating the rf voltage on the circuit and the elec-
tron motions inside the beam, although most of the 
analysis is to be found in Nordsieck. The circuit voltage 

I J. R. Pierce, "Traveling-Wave Tubes," D. Van Nostrand Co., 
Inc., New York, N. Y.; 1950. 
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is written as 

Zo10 
V (z, t) = A (z) cos 4)(z, t) 

co 
4)(z, t) = — z — cot = 0(z). 

140 

(1) 

(2) 

Here z is measured along the axis of the helix. The helix 
is supposed to extend to z= — 00, where the beam en-
tered unmodulated. co is the angular frequency of the 
fundamental, or 21r/co is the period, and u0, the average 
electron speed. 0(z) is the phase angle between the 
actual helix wave and a wave in synchronism with the 
average electron speed. Zo is the characteristic im-
pedance of the circuit, /0, the dc beam current, and C, 
the gain parameter defined by Pierce.' The circuit 
voltage in ( 1) must satisfy the equation' 

a2v 02v a2p. 
— — vo2 — = vozo— • 
012 Oz' 0/2 (3) 

which describes the excitation of the circuit wave by the 
electrons and is generally known as the circuit equation 
in traveling-wave tube theory. u0 is the velocity of 
propagation on a cold helix. P. is the fundamental com-
ponent of the instantaneous electron linear charge 
density p(z, t). 

In addition to the circuit equation (3), we have, for 
the electron motion, the force equation and the equa-
tion of conservation of charge. They are respectively 

and 

ay 
m — = e — — eE, 

dt2 az 

p(z, 1)1dzl= p(z, 0)1 dzol, 

(4) 

(5) 

where elm is the ratio of the electron charge to the mass, 
a positive quantity. E, is the space-charge field acting 
on the electrons, which will be discussed in detail later. 

Let the zo's be the initial positions of the electrons at 
t =O. We shall denote the initial phase of an electron by 

COZ0 

4)0 = - • 

140 
(6) 

So far we have acted as if p(z, t) were a continuous 
function of z and t. As described in the previous section, 
for the present model we shall replace the continuous 
electron beam by a set of "electron-discs." Thus, in-
stead of considering the electron beam as a fluid with 
a given velocity and density as functions of z and t, 
we shall follow a typical set of charged discs and calcu-
late their velocities and positions. This is necessary in 
large-signal calculations when electrons overtake one 
another. With this in mind, using (3), (4), and (5), we 
obtain the following working equations after consider-
able algebra: 

dA(y) 1 
 = — — sin en, y)d4,0 

f 
2r 

(K 
dy 2.7r o 

(7) 

de — b = 1 f2 ' cos 4'(4'o, y)(14.0 (8) 
dy 2724(y) o 

0q( Fo, v) e 
2  — 2A (y) sin 4)(4% y)  E. (9) 

ay uomcoC2 

a4)(4,0, y) _ d0(y) 
2q(4.0, y). (10) 

ay dy 

Here (7), (8), (9), and ( 10), except for the space-charge 
term E,, are Nordsieck's equations' ( 13), ( 14), ( 17), 
and (20). z is replaced by: 

co 
y = C — z. 

uo 

This means that distances are measured in units of 
Xe/27rC, where X. is the wavelength along the beam. The 
velocity at y, of an electron of an initial phase cI)o is ex-
pressed as 

u(4)0, y) = uo 2Cuoq(4,0, y). (12) 

Here uo and 2Cuoq are respectively dc and ac velocities. 
(1)(4,0, y) is the phase of the circuit voltage which an 
electron with an initial phase 4)0 sees at y. In studying 
the electron motions, (1)(4,0, y)'s are the time-phases of 
the electrons, or more precisely, these values give a dis-
tribution of the electrons in time at the position y. In a 
small interval of y, a distribution in cot at y may also be 
considered as the distribution in coz/uo at t. It is obvious 
that electrons whose initial phases are the same or 
differ by an integral multiple of 2ir experience the same 
circuit and space-charge fields and should have the same 
motion. It is, therefore, only necessary for us to study 
the motions of the electrons whose initial phases cover 
an interval of 2r. b and C, as defined by Pierce, are re-
spectively 

— vo 
b 

C140 

C' zo — • 
4V0 

Here 170 and Jo are respectively the beam voltage and 
beam current, /0 being considered as a positive quantity. 
We can easily give a physical interpretation of these 

equations. Eq. (7) indicates that the rate of increase of 
the circuit voltage depends upon the phases of the cir-
cuit voltage at the positions of the electrons. This is 
equivalent to saying that the increase of the circuit 
voltage is mainly attributed to the density modulation 
of the beam. When C is small, as we have assumed previ-
ously, the rf velocity is small compared to the dc 
velocity. The convection current in the beam is there-
fore approximately equal to the product of the electron 
linear charge density and the dc velocity, which in our 
analysis is proportional to — d(1)0. On the other hand, 
the electric field of the circuit is —A (y) sin (D. The nega-
tive of the product of the electric field and the convec-
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tion current, which is proportional to —A(y) sin 
d4)0, integrated over all the electron-discs, is the total 

power contributed by the beam to the circuit. It 
should be proportional to [dA2(y)/ dy], which is equal 
to 2A (y) [dA(y)/dy]. Cancelling A (y) in fA (y) sin I> 
d4)0 and 2A (y) [dA(y)/dy], and equating them through 
a proper proportioning constant, we obtain exactly the 
equation (7). In the small-signal theory for small C, the 
ratio of the rf to dc velocity is a quantity much smaller 
than that of the rf to the dc linear charge density. It is 
therefore appropriate in the small-signal theory for 
small C to neglect the rf velocity in comparison with the 
dc velocity. The same simplification in the large-signal 
theory limits the value of C for which our theory ap-
plies. In the later calculations, the value of 2q near the 
saturation level is found to be about 3. If, for example, 
C=0.02, the error involved will be only 6 per cent. At 
C=0.1 however, the error amounts to 30 per cent. 
To understand ( 7) and (8) better, we shall compare 

them with the equation derived by Pierce for the field 
in the circuit caused by an impressed current.' Pierce's 
equation is 

-rr,K  
v = j. 

(1, _ ri2) (13) 

In his notation, r and r, are the propagation constants 
of the actual and the cold helix waves respectively, i is 

the rf beam current, and K, the circuit impedance. In 
the small-signal theory, the circuit wave varies as 
égi -1-1P2)2,, where pi and go are respectively Pierce's' x1 
and yi, and j= N/-1. [dA(y)/dy] is then proportional 
to ;he'll, and 

A (y)[ dy q, 
dy 

proportional to (µ2-1-b)e)uv. In a later section, we shall 
indicate that 

in ( 7) and 

1 f — — sin 4)d4)0,27r o 

1 2r 

— f COS 4)(1(1)0 

2ir 0 

in (8), are proportional, respectively to the parts of the 
beam current, which are in-phase (or 180 degrees out-
of-phase) and 90 degrees out-of-phase with the axially 
directed circuit electric field. Eqs. (7) and (8) thus ex-
press a relation between the rf beam current and the 
circuit electric field, and show that in the small-signal 
case, the current, like the circuit field, has an amplitude 
varying as &qv but the current leads the field in time 
phase by tan-1 (µ2-1-b)/ —pi. This relation is identical 
with ( 13) as expected. 

' Pierce, op. cit., eq. (2.10). 

Eq. (9) is merely a transform of the force equation, 
stating that the acceleration of an electron is propor-
tional to the sum of the circuit and the space-charge 
fields. Eq. ( 10) means that the phase shift in circuit 
voltage experienced by an electron in an interval of dy 
depends upon two factors, the phase delay of the circuit 
voltage in that interval, dO/dy, and the electron rf 
velocity, 2q, as it should. 
A study of these equations indicates that we may 

keep certain electrons in a favorable position to con-
tribute power to the circuit by minimizing the quantity 
d4)/dy in ( 10) for these electrons. This requires (dO/dy) 
'-‘2q(4)0, y) which can be achieved by properly adjust-
ing the parameter b in (8) as a function of y. It is there-
fore possible to increase the efficiency of the device by 
properly varying the helix pitch or dc electron speed 
along the tube. The limitation comes, however, when 
the electrons are so much decelerated, that the ampli-
tude of the rf velocity exceeds the dc value. In order to 
contribute power, electrons unfortunately must be in a 
retarding field. 

THE SPACE CHARGE 

We now want to introduce space charge or electro-
static interaction into the problem in a manner con-
sistent with other features of the model'. It is clear that 
in a one-dimensional hydrodynamic picture, the charge 
p(z', t)dz' lying in z' to zi-F-dz' at a time t, should pro-
duce, at a point z and at a time t, a field 

— B(z' — z)p(z', t)dz', (13) 

where B(z) is an appropriate function which will be 
discussed in detail later. The total field at z would then 
be 

From (5) we have 

Thus, 

I' 
B(z' — z)p(e, t)dz'. 

p (z', 1) 1 = p(zo, 0) 1 dzo 1 = 
— /0 

ClE0 . 

U0 

h -Fx 
E. = — f B[z(zo', t) — z(zo, *01. 

UO —oo 

Here zo' and zo are the initial positions of the electrons 
which at time t and at z' and z respectively. The in-
tegral in ( 14) may be replaced, of course, by a sum over 
individual electrons. 
Two questions arise immediately. The first is whether 

or not the fact that the space-charge field at a point de-
pends upon the disposition of charges ahead of the 
point in question makes it impossible to proceed with 
a step-by-step integration of the equations of motion. 
The second question is that of a sensible choice for the 
function B(z). 

(14) 
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Consider the first problem. B(z) is obviously a rapidly 
decreasing function of As a matter of fact, we 
will later approximate this function by an exponential 
function e-k(w/u0)1 ''-z1, where the value of k is generally 
between 1 and 5. Taking k = 2 for example, the function 
e—lc(b.quee—gi decreases to 0.00185 of its maximum value 

for (w/u0)1 z' =in It therefore seems safe for us to 
compute the space-charge field at z by considering 
only the electrons in an interval between (co/uo)z -F7r 
and (w/u0)z — 7r. For small C, 0(y), and A (y) only vary 
slightly in a few electronic wavelengths. We may thus 
substitute for z(zo', t)—z(zo, t) the expression 

14 o 
— 14[(130', y(cDo', t)] — LdIo, y(•to, t)] , (15) 

where (uo/w)(1[c1,0', y(c1>o', t)] means evidently a dis-
tribution of the electrons in z at a time t. A distribution 
of the electrons in z at constant t, in the vicinity of the 
point of interest, is approximately the same as the dis-
tribution in t (expressed in the unit of z) at constant z, 
provided that the circuit wave propagates with a con-
stant amplitude at a constant speed and that the ac 
velocities of the electrons are small compared with the 
dc velocity. That is, to the extent that 0(y) and A(y) 
are considered constant in an interval in which the 
values of B(zi —z) cannot be ignored, ( 15) to the ac-
curacy of order C, may be further replaced by 

-'`L) y] - 4,[40, 3]1, 
co 

where 

Y = Y( 4)0, 

We thus obtain the space charge field at y, 

(16) 

f {tie 
E, = [(1*(4)0 y) — (1)(4)0, y)]} dcp. ( 17) 

, 

Here (1,0 is the initial phase of the electron which, at the 
time t, is situated at y, where the space-charge field E, 
is evaluated. Thus, for an electron of an initial phase 
its, the term E, is calculable at y from a knowledge of 
(Vs for all the other electrons when they are at y. Since 

[4.0-1-4), y] is periodic in di, this means knowing what 
happens to the electrons in one cycle of 4) at y. 
Turning now to the problem of how to choose B(z), 

it is clear that the recipe most consistent with our model 
is to calculate the force between two infinitely thin 
discs of charge with a separation, z. To do this, we 
replace the helix by a conducting cylinder of equal 
radius and assume that the charges are uniformly dis-
tributed over the discs. We can calculate, by Green's 
function for the cylinder,' the potential for one disc, and 
thus find the force on the second. This yields for B(z) 

* W. R. Smythe, "Static and Dynamic Electricity," McGraw-Hill 
Book Co., Inc., New York, N. Y.; 1939. 

1 1 
B(z) =  E e-ey.fro/a))./n 

2 Eorro2 n 

[ 2 Ji (7. ) 

-Ti(7n) 

where 

sgn z, (18) 

sgn z = 1 for z' — z > 0 

= — 1 for z' — z < 0 

and 

Jo(70) = 0, 

where the J's are Bessel functions. In ( 18) ro and a are 
the radii of the disc and the helix respectively. 
2irro2e0B(z) is plotted in Fig. 1 as a function of z/ro for 
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Fig. 1—The solid curves show brro2e0B(z) versus z/ro, calculated for 
the force between two electron-discs inside a conducting cylinder, 
and the dotted curve indicates that computed from the universal 
function e-22.fro. 

several values of ro/a. When z/ro is small, the curves lie 
close together and are closely approximated by ex-
ponentials of the form e-az/r0. Where a is a constant in 
Fig. 1 the function 

27rro2E0B(z) = e-2‘/r0 sgn z (19) 

is shown as a dotted line for comparison. The deviations 
from exponential form occur for large values of z/ro, 
where the values of B(z) are small and the space-charge 
term in the force is relatively unimportant. Because of 
the convenience of an exponential function in the space-
charge computations, it is desirable to use this form 
of approximation to B(z). If z be replaced by ( 16), the 
space-charge term in (9) may be expressed as 

e 
E, = g f e— k (d'0+0 . y)—t,(4,0.o)1 

mcoC2uo 

• sgn 14,(4,0 ct., y) — (1)(4.0, y) } do, (20) 
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with 

and 

el 0 1 wp2 
g = = — 

2nuo2C2u0erro2 2 co2C2 

k= 
a 

co 
—  ro 
uo 

(21) 

Here cop is the familiar electron plasma angular fre-
quency for a beam of infinite extent. Pierce has empha-
sized that Fig. 1 shows a to vary very little with ro/a and 
suggests that for simplicity it may be taken equal to 2 as 
in (19). When this choice is made, it may be seen that 
if (co/uo)ro runs from 0.4 to 2, as it might in practice, k 
varies from 5 to 1, as mentioned. 1/27rk, clearly, meas-
ures range of force between disc charges in units of beam 
wavelength. With a fixed, range is proportional to ro, as 
might be expected, and independent of helix radius. 

In the disc model, then, the space-charge force is 
characterized by the two parameters, g and k; g measur-
ing the intensity and 1/k the range of the force. It is 
essential to make a connection between these parame-
ters and the quantity QC, which appears in the usual 
linear theory with space charge. This is effected by mak-
ing a linearized or small signal theory of the present set 
of equations (carried out in Appendix I), and we find 

or 

QC = g 
wp2 

2(k2 ± 1) 4co2C2(k2 ± 1) 

(OD 
LIQC3 — 

\w/k2 + 1 ) 2 

(22) 

(23) 

The factor [ 1/(1 -1-k2) ]112 in (23) may be considered as a 
reduction factor for cop for a finite beam inside a helix. 
Denoting this reduction factor by R, and using the 

formula 2u0/coro for k, we have 

R=[1+ (2/-1/2. 2](24) 
(Oro 

Pierce' has computed values of QC by replacing the 
helix by a conducting cylinder as we have done and his 
values agree reasonably with those of Fletcher's° more 
elaborate calculations. We may make a check on our 
method of evaluating space charge by comparing R cal-
culated from the work of Fletcher and of Pierce with 
that found from (24). Fig. 2(a) and 2(b) shows such a 
comparison to be satisfactory. 

THE SPACE-CHARGE PARAMETERS QC, g AND k 

Let us study in more detail the quantities QC, g and 
k. In (23) and (21), we have respectively 

6 l'ierce, op. cit., pp. 236-238. 
6 R. C. Fletcher, "Helix parameters in traveling-wave tube 

theory," PROC. I.R.E., vol. 38, pp. 413-417; April, 1950. 

g= 2 coC 

It may be seen that in the QC expression, co„R instead 
of cop is used. cop' is proportional to the dc electron 

charge density of the beam. R is the reduction factor 
of the electron plasma frequency for a beam inside the 
helix, and can be calculated if the frequency and the 
radii of the beam and the helix are known. It has a dif-
ferent value for the fundamental and for the harmonic, 
and is also different for different harmonics. Since the 
parameter QC is first introduced in the small-signal 
theory in which the beam current is mainly of the fun-
damental component, the reduction factor, R, must 
there be specifically for the fundamental frequency. 
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Fig. 2—The solid curves show the reduction factor, R, of the electron 
plasma frequency evaluated (a) from the Fletcher's values, (b) for 
an electron beam inside a conducting cylinder, and the dotted 
curves indicate that computed by the universal function e-221'0. 

In the large-signal theory, however, the beam current 
may contain a considerable amount of harmonic com-
ponents. Although we may calculate the space charge 
by evaluating the reduction factors and, thus, the QC 
parameters for all the harmonic components of the 
beam, it seems simpler to set up .a model consisting of a 

set of electron discs and compute the space-charge field 
by evaluating the forces between them in such a way 
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that only two parameters, g and k, as shown by (20), 
actually enter the calculations. The calculation is inde-
pendent of the helix radius, because we use the ap-

proximation 

k= 
2 

(witio)ro • 

In the large-signal theory, therefore, we need two 
parameters such as g and k, whereas in the linearized 
theory a single parameter QC is sufficient to specify 
the space charge. Instead of using g and k as the basic 
space-charge parameters, we often use QC and k for 
convenience, g, of course, is calculable from QC and k 
by (22). It is interesting to point out that beams having 
the same value of QC but different values of k must be-
have identically in traveling-wave tubes, when the sig-
nal is small, since QC is the only space-charge parameter 
involved in the small signal theory. 

NUMERICAL CALCULATIONS 

The equations used for numerical calculations are ( 7) 
to ( 10), and (20). For most of the cases computed below, 
the number of points used in evaluating the space-
charge integral (20) by the trapezoidal rule is 24, or, 
stated in physical language, a model based on 24 elec-
tron discs in an electronic wavelength is used. The for-
ward integrations, which will be discussed more fully 
below, are performed in steps of Ay = 0.2. To determine 
whether these numbers are adequately chosen, several 
cases were recalculated with 48 or 96 electron discs and 
some with Ay = 0.1. For small values of QC (See Table I, 
on the next page) the agreement was excellent, and well 
beyond what could be physically significant. For QC 
= 1.0, and to some extent for QC= 0.5, however, substan-
tial variations occurred, resulting in differences of as 
much as 10 per cent in A (y) for large y. The cause of 
these variations is the discontinuous nature of the space-
charge force, combined with the very large magnitude of 
the contributions to this force from individual electrons. 
If the values of 4> for two electrons are nearly equal, a 
very small change in them may reverse the sign of 
their difference and, hence, the sign of the space-charge 
contribution. This phenomenon is also the cause of the 
minor irregularities appearing in the functions 4) and q 
past the point of overtaking even for small QC, and it 
is important to realize that it should not be interpreted 
as a truncation error in the ordinary sense resulting from 
inadequate numerical methods. The effect of this phe-
nomenon decreases very slowly with an increasing num-
ber of electrons, whereas the calculation time increases 
steeply. The results presented in this investigation are 
those calculated, with 48-electron model for cases ( 13), 
(14), ( 18), and (19) (these cases have QC = 0.5 or 1.0 
and saturate at relatively larger values of y because of 
large values of b), and with 24-electron model for the 
rest of the cases. The choice of ày = 0.2 was maintained 
for all the cases. 

The numerical calculations were carried out using the 
IBM Electronic Data Processing Machines Type 701 
and Associated Equipment, briefly known as the " 701," 
at IBM World Headquarters in New York City. The 
high-speed random-access storage of this machine con-
sists of cathode ray tubes capable of holding 4,096 num-
bers consisting of 35 binary digits and sign—so-called 
full words, roughly equivalent to 10 digit decimal num-
bers—or 8,192 numbers or instructions consisting of 17 
binary digits and sign, called half-words. Practically un-
limited auxiliary storage is available on magnetic tapes 
and drums, but no use of this equipment was necessary 
in the present problem. The time required to add two 
full or half-words in the 701, one placed in the arith-
metic unit and the other located anywhere in high-speed 
storage, is 60 microseconds, and to multiply them, 456 
microseconds or less, depending on the operations that 
follow. Most logical operations, such as deciding be-
tween two courses of action depending on the value or 
sign of the quantity standing in the accumulator, take 
place in 48 microseconds.7 At these speeds, the time re-
quired for printing out all relevant variables of the 
problem at the end of each step in the forward integra-
tion would be substantially higher than the calculating 
time. In view of this, the program was designed to 
print normally only at intervals of 0.4 in y. Further-
more, instead of performing all calculations in so-called 
floating point form, i.e. with all numbers represented 
as a • 10' with a between 1 and 10, the very short cal-
culating time on 701 was achieved by using fixed-point 
form for all numbers except exponentials occurring in 
space-charge calculation. Running time per case, for y 
ranging from 0 to 10, is approximately 10 minutes. The 
program was prepared by Miss D. C. Leagus. 

In view of the nature of the investigation at hand, 
simplicity rather than high accuracy was used as a guide 
in the choice of numerical methods. Hence, the forward 
integration of A, 0, 4) and 2q was performed by a central 

difference formula, e.g. 

A (y ± Ay) = A (y) -I- A' (y ¡Ay) • Ay. 

The integrals in ( 7), (8) and (20) are evaluated by the 
trapezoidal rule. 
The initial conditions were computed from a second-

order small-signal theory, which is discussed in detail 
in Appendix II. The starting point for the forward in-
tegration was chosen such that the maximum value of 
2q(cI), y) is approximately 5 per cent of the value of 
dO/dy, and is denoted by y= O. The lengthy space 
charge calculation was performed only at intervals of 
0.2. Quantities, such as dO/dy, demanded by the central 
difference formula at intermediate points, were ob-
tained by third-order polynomial extrapolation. Subse-
quently, as a check on machine performance, the value 
of dO/dy thus obtained was compared to the value ob-
tained by applying (8) to extrapolated values of 4). 

For a detailed discussion of this machine, see several articles in 
PROC. I.R.E., "COMPUTER ISSUE," vol. 40; October, 1953. 
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To investigate high level operation for tubes of dif-
ferent signs and with different operating conditions, 
twenty cases with QC ranging from 0.1 to 1.0, k from 
1.25 to 5.00, and b from 0.38 to 2.60, have been com-

puted and are listed in Table I below. 

TABLE I 

Case 
Number QC 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 

0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.5 
0.5 
0.5 
0.5 
0.5 
1.0 
1.0 
1.0 
1.0 
1.0 

1.25 
2.50 
2.50 
2.50 
5.00 
1.25 
2.50 
2.50 
2.50 
5.00 
1.25 
2.50 
2.50 
2.50 
5.00 
1.25 
2.50 
2.50 
2.50 
5.00 

0.3815 
0.3815 
0.9595 
1.6295 
0.3815 
0.6800 
0.6800 
1.200 
1.800 
0.6800 
1.3040 
1.3040 
1.7107 
2.1982 
1.3040 
1.9403 
1.9403 
2.2800 
2.6900 
1.9403 

II 12 

In this table, gi and µ2, which are respectively Pierce's 
x1 and yi, are also listed for reference. In the small-
signal theory, if QC is known, the values of 1.4.1 and 
M2 can be calculated for any b. It seems wise here to 
choose b to give particular values of Thus, in cases 
(3), (8), ( 13), and (18), and in cases (4), (9), ( 14), and 
(19), 121's are respectively equal to 0.9412 and 0.6658 
of their maximum values. For the rest of the cases gi's 
are maximum, that is, at the maximum small-signal 
gain. 

(pi =0.7669, µ2= - 0.7150) 
(en = 0.7669, µ2= -0.7150) AMPLITUDE AND PHASE OF THE CIRCUIT W AVE 
(P1=0.7218, j22. = -0.9596) 
(mi = 0.5106, µ2 = -1.261) Among results obtained in calculations, the most val-
(mi = 0.7669, µ2= -0.7150) 
(µi =0.6974, µ2= -0.9196) uable probably are the amplitude and phase of circuit 
(mi = 0.6974, µ2= -0.9196) voltage as functions of y (Figs. 3-6, on this and the fol-
(m2=0.6564, µ2= - 1.1552) 
(Pi=0.4643, ;12= - 1.4358) lowing pages). A(y) is plotted in Figs. 3 and 5 for all 
(pI = 0.6974, µ2= -0.9196) cases computed. In Fig. 3, curves are compared for cases 
(mi = 0.5824, et2= - 1.4189) 

=0.5824, p2= - 1.4189) of different values of k, in Fig. 5, for cases of different 
(Pi = 0.5481, eg2= - 1.615) values of b. 0(y) and 0(y) - I.4,2y are similarly plotted in 
(1.4, = 0.3877, P2 = - 1.852) 
(14 =0.5824, µ2-= - 1.4189) Figs. 4 and 6, in which ihy is also plotted for comparison. 
(m -= . 4962, µ2= - 2.0009) It is found in the A(y) curves that the circuit voltage 
= o . 4962, p2 = - 2.0009) 

(mi = 0.4670, p2 = -2.168) first increases with y, and then decreases after reaching 
(mt = 0.3303, 142 = 2 . 371) a saturation level. The power in the circuit at the satura-
(mi = o . 4962, M2= - 2.0009) 

tion level is generally known as the "limiting power." 
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A (y) usually increases again after the first peak and 
forms another peak and so on. For example, in Fig. 
5(b), the A(y) curves for cases ( 7) and (8) contain three 
peaks in the range up to y=20. For most of the cases, 
the first peak is the highest one. For QC = 1.0, and to 
some extent for QC= 0.5, the later peaks may have 
larger, but not much larger amplitudes. 0(y) does not 
differ widely from µ2y for almost all the cases. 
We have mentioned heretofore that the cases having 

a common value of QC but different values of k must be-
have identically at low level. This is so found in Figs. 
3 and 4; also that the effect of k is not prominent for 
small values of QC. This should be so, as k is introduced 
in the calculation only because of the space charge. 

POWER AND EFFICIENCY 

The crcuiit voltage V(z, t) may be calculated from 
A(y) by ( 1). The power in the circuit is obviously the 
time average of V2/Z0 that is, 

(— V2) = 2CA 2/0 Vo. (25) 
Zo aver. 

The efficiency of the traveling-wave tube is therefore 

2CA 2I0V0 
Eff. — = 2CA 2 (26a) 

'ovo 

or 

Eff. 
  2A 2. (26b) 

The quantity (Eff./C), at the saturation level, or ( Eff. 
/C) at the first peak of the A(y) curve [denoted as ( Eff. 
/C)..1, is plotted vs QC in Fig. 7(a), on page 269, us-
ing k as parameter; in 7(b) using fraction of u ,--1(max .) as 
parameter, to show how (Eff./C),„... varies with QC, k 
and b. Values for QC = 0 are Nordsieck's. It is seen that 
(Eff./C)..,c. increases with b, a result which has been 
found by Nordsieck in his calculations without space 
charge. It also increases with QC for small values of QC, 
but is reduced sharply at larger values of QC and k. It 
is also noticed that (Eff./C),„.. decreases as k in-
creases, particularly when QC is large. It should be re-
called that k is inversely proportional to the beam ra-
dius. In the high power tubes in which QC is generally 
high, a design with larger beam diameter and yet with a 
value of (w/uo)ro, such that the field is fairly uniformly 
distributed over the cross section, is preferred for high 
efficiency. This has been pointed out by C. C. Cutler as 
a result of his measurements of overload characteristics. 
The same quantity, (Eff./C),„.7., is plotted in Fig. 

7(c) versus g for all the cases which have the values of b 
corresponding to the maximum small signal gain. All 
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Fig. 5—A (y) versus y curves for (a) cases (2), (3), and (4), (b) cases (7), (8), 
and (9), (c) cases ( 12), ( 13), and ( 15), (d) cases (17), ( 18), and ( 19). 

14 18 

the points are seen to be distributed inside a narrow re-
gion whereas they are widely spread in Fig. 7(a). 
Efficiency varies more with g, which is Eco„/coC)2, 
rather than with QC, which is (co„R/2wC)2; or with g, 
the intensity, rather than 1/k, the range. 

THE FUNDAMENTAL COMPONENT OF THE BEAM 
CURRENT 

In this section we shall discuss (7) and (8) further. 
From (5) and for small C, the electron current density 

of a beam is 

(14301 
lo   ( d(Di 27) 

The fundamental component of the beam current is 

then, 

1 f 21. d4>0(Z, 1) = — (sin .43) — /0— (sin 4)')(/‘1,' 
7r o 

1 f 2r debo 

—  (cos 4)) — 1.0 — (cos cl,')dct.' 
w o 

4 

18 18 20 

10 12 74 

= —/0   ct.f 2r sin cbdeo 
0 

2r 

+ cos (1) f COS (1)(14)0). 

0 (28) 

In (28), ( 1/7r)f sin cl)dc1)0 is a quantity proportional to 
the part of ii(z, t) in-phase or 180 degrees out-of-phase 
with the circuit electric field, and similarly ( 1/r)f cos 
(1)d(1,0 is proportional to the part of ii(z, t), 90 degrees 
out-of-phase with the circuit electric field. It should be 
recalled that the circuit electric field is proportional to 
—A (y) sin cl). Eqs. (7) and (8) therefore mean that the 
in-phase (or 180 degrees out-of-phase) part and the 90 
degrees out-of-phase part of the fundamental com-
ponent current are proportional to 

dA (y) 
  and (de(Y) + b)A (y) 
dy dy 

respectively. Thus ii(z, t) is calculated from values of 

dA(Y) de(Y)  
A(Y), and b. 

dy dy 
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This also provides a simple method to determine 

11(z, t) experimentally, as we can easily measure A(y) 
and 0(y) along the tube by means of a measuring probe. 
I11(z, t) I //o is plotted in Fig. 8 for case ( 7). It has a max-
imum value of 1.24 at y= 8.0. If the beam were per-
fectly bunched, 1171//0 would be equal to 2 as pointed 
out by Pierce.' 
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Fig. 8—( I //o) versus y curve for case ( 7). 

9 

place, we may gain insight into the beam behavior by 
studying 4)(4)0, y)'s and q(4)0, y)'s at some interesting 
points along the tube, such as, the point at the satura-
tion, the point at which the electrons start to overtake 
one another, etc. Further, we can analyze the interac-

tion between the beam and the circuit by comparing 
4)(4)0, y)'s and q(4)0, y)'s at different values of y. 
Eventually we want to establish a dynamic picture of 
the electron motion by following the paths of the 
electrons and observing their velocities, and their 
phases with respect to the circuit field, as y increases. 
For these purposes, it is desirable to plot data in a form 
similar to the "Applegate Diagram," a sort of "space-
time" diagram used to study klystrons. Figs. 9(a) to 
9(h), below and on the following pages, are for cases 
(2), ( 7), (8), (9), ( 11), ( 12), ( 15), and ( 17), respectively. 
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32 

4.4 

4.0 

3.6 

3.2 

Before reaching the saturation level, dA(y)/dy is al- " 
ways positive. id(z, t) either leads or lags the circuit 
electric field by a phase somewhat between 90 and 180 
degrees, depending upon the sign of the quantity 

(dO(Y) b). 

dy 

The center of the electron bunching will be located 
somewhere between 4.= (2n + 1.5)7r and (2n + 2)r, if 

Ce(Y) + dy 

is positive; somewhere cic.= (2n+1)7r and (2n + 1.5)r, if 

(d°(; ) + dy 

is negative, where n is an integer including zero. We 
shall return to this point later in the discussion related 
to Figs. 9(b), 9(c), and 9(d). 

y Vs (4)+0) CURVES—APPLEGATE DIAGRAMS 

After having obtained a general picture of the circuit 
wave as discussed in a previous section, we shall next 
study the motions of the electrons and compare them 
for cases of different values of QC, k, and b. In the first 
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Fig. 9(a)—y versus (e+e) curves for case (2). 

In these figures, y versus (4)+0) curves are plotted 
with one curve for each electron. There should be 24 
curves in an interval of 2r (in 4) or in 4)+0), corre-
sponding to the 24 electrons used in the calculations. 
Only odd numbered electrons and only electrons within 
an electronic wavelength (except few shown by dotted 
curves), however, are shown in the figures to avoid con-
fusion by too many curves. It is understood that those 
curves should be repeated at every period of 27r (in 4) 
or in 4)+0). 

In the shaded regions (Fig. 9), the axially-directed 
circuit electric field is negative and accelerates the elec-
trons in the positive z direction. Electrons are de-
celerated by the positive circuit field in the unshaded 
region. We will denote, for convenience, the shaded re-
gions as the "accelerating regions" and the unshaded 
regions the "decelerating regions." The boundaries of 
these regions are constant 4) contours, from which we 
may determine the phase of the circuit wave at any 
position in this y versus 4)+0 diagram. 
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Fig. 9(b)— y versus ( 4)+0) curves for case ( 7). 

From ( 10) we have 

a(4) ± 0) 
  — 2q(cbo, y), 

ay 

and thus the reciprocal of the slopes of the curves in 
Fig. 9 are proportional to the rf velocities of the elec-
trons. As we have mentioned previously, a distribution 
of the electrons in 4) may be considered as the distribu-
tion in cot or in y within a small interval of y. The dis-
tribution of the curves at any constant y line therefore 
represents the distribution of the electrons. More spe-
cifically, spacing between the curves should be inversely 
proportional to electron charge density, or electron cur-
rent density when C is small. Concentration of curves 
indicates bunching of electrons in the beam. 

Although the electron motions are drastically differ-
ent for different cases, it is important to extract certain 
common features which we may consider as basic to the 
electron behavior. Let us take case (9) (QC- 0.2, k 
= 2.50, b = 1.8) [Fig. 9(d)] as an example. At low level, 
the rf velocities are so small that the electron paths are 
almost vertical. However, electrons continuously ad-
vance in phase with respect to the circuit field, because 

2 3 4 9 10 

their average speed is greater than the speed of the 
circuit wave. They will continue to do so up to a point 
at which some of the electrons are slowed down so much 
that they are trapped in the negative potential troughs 
of the field. In our case, this happens at y near 6. Up to this 
point, they behave much as in the small signal theory. 
Suppose we are now in a co-ordinate system moving 

with the average electron speed uo, in which 2q is elec-
tron velocity and dO/dy is wave speed. It is obvious that 
electrons must attain a negative velocity comparable to 
the wave speed in order to stay with the circuit wave. 
For convenience, we shall divide the electrons into 
three groups, according to the types of the orbits that 
they have. At y near 6, electrons 7 to 19 have negative 
velocities because they are decelerated by the retarding 
circuit field in the region between 4)=37r and 47r. Among 
them, electrons 13 to 19 may be considered as of the 
first group. These have not built up enough negative 
velocity to follow the retrogression of the circuit wave 
and they will continue to advance ahead of the wave 
until they are trapped in the next decelerating region 
between 4)=57r and 67r. In the second group, however, 
electrons 7 to 11, which have velocities comparable to 
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Fig. 9(c)—y versus (4,14) curves for case (8). 

the wave speed, will follow paths almost parallel to the 
constant 4) contours. These electrons, which form the 
principal part of the bunch, will continuously travel in-
side the decelerating region and contribute power to the 
circuit until they cross the boundary, the 4)=37r line. 
After that, they enter the accelerating region, where 
they acquire the forward velocities. For the third group, 
we have electrons 1 to 5 and electrons 21 to 23 (shown 
as the dotted curves) of the later cycle. They have for-
ward velocities at y near 6. Sooner or later, they enter 
the decelerating region where they are decelerated by 
both the retarding circuit field and the space-charge 
cloud of the electron bunch. They are finally pushed 
back to the accelerating region where they acquire for-
ward velocities again. Some of them might miss the 
bunch and would then go straight forward. This, how-
ever, does not happen in this case. By extending y far 
enough, one will find that most of the electrons will be 
trapped in the negative potential troughs of the field 
and oscillate back and forth around the equilibrium 
positions, the .4)= (2n + 1)7r lines (n may be any in-
teger). When they are in the decelerating region, they 
contribute power to the circuit, and in the accelerating 

2 6 9 

region, they gain kinetic energy at the expense of the 
circuit power. We thus observe a series of the peaks in 
the A(y) curves. 
Although in general the electrons will follow the same 

types of motion as described above, for all the cases, it 
is interesting to study the effects of QC, k and b on their 
motions. To investigate these parameters separately, 
we plot y versus 4)+0 diagrams for the following cases. 
Figs. 9(b), 9(c), and 9(d) are plotted for the cases having 
the same values of QC and k, but different electron in-
jection speeds, that is, QC= 0.2, k= 2.5, and b = 0.68, 
1.2 and 1.8, respectively. Similarly, the cases of QC 
=0.5, b= 1.3040, and k = 1.25, 2.50 and 5.00 are shown 
in Figs. 9(e), 9(f), and 9(g), and the cases of k = 2.5, b 
for maximum small-signal gain and QC= 0.1, 0.2, 0.5, 
and 1.0 are in Figs. 9(a), 9(b), 9(f), and 9(h). 

Considering the first set of figures; it is observed that 
when b is larger the wave speed I dO(y)/dyl also in-
creases. Electrons thus need greater rf velocities before 
they can follow the types of the orbits described above. 
As a matter of fact, the electrons will travel a longer dis-
tance before they reach the saturation level and the 
limiting power is larger even though may be smaller. 



1955 Tien, Walker and Wolontis: Traveling- Wave Amplifiers 273 

lac 

9.6 

9.2 

8.8 

8.4 

8.0 

7.6 

7.2 

6.8 

6.4 

6.0 

5.6 

5.2 

4.8 

4.4 

4.0 

3.6 

3.2 

2.8 

2.4 

20 

23 19 21 
5 Li 113 1 9 It 

19 
23 L21 17 13 15 

\ 
*ze 

SA7lnAliON 
LEVEL .'s 

....... 

s., 
vs 

v..% 

I 

s. 

s........... 

....... 
v...‘.0 

ir 
s. 

1\ 
I 

I I \ 

/ 
I 

I . , I , 
1 

se 

<ea 
1 I I 

1 
I 
g st. 

1 \ 
I 

I 
I 

e \ I 
\ \ 

1 

\ 

1 
I 
I 

I 
I I i  

'ee. 
I 
I t 

1 , 
i 
I I-% I 
1 I 

II I 

0 
o 

"H 

  

t 
o 

1 

I 
e 
l 

I 8 
ml 

ill - e " 1 - 1 - - 
e, 
1 

9(d) 

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 o 
f + 

2 3 . 4 5 6 7 8 9 10 11 

Fig. 9(d)—y versus (4.1-0) curves for case (9). 

The effect of k can easily be seen by comparing Figs. 
9(f) and 9(g). At low levels the electron orbits in both 
figures are identical. This should be so, as pointed out 
previously. At high levels, the electron bunching in 
Fig. 9(g) becomes loosened shortly after the electrons 
have started to overtake one another because of large 
short range space-charge forces, whereas in Fig. 9(b), 
the electron bunching stays tight even beyond the sat-
uration level. The strong short-range space-charge forces 
generally distort the electron paths, particularly when 
the electrons approach one another in the bunching. 
This will reduce the limiting power or efficiency and the 
tube will saturate at a lower y. The effect of QC is in-
teresting. When QC is large, the electron paths are 
spaced loosely and the rf velocities build up slowly. 
This, together with the fact that b is larger in the case 
in which QC is large, tends to raise the saturation level 
and to increase the limiting efficiency, as we have de-
scribed, in connection with the effect of b. On the other 
hand, a large space-charge force, as in the case of large 
k, tends to distort the electron paths and to inhibit 
bunching, with the result of lowering the saturation 
level and limiting the efficiency. This explains the fact 

that efficiency generally increases with QC when QC or 
k is small, but is reduced sharply at larger values of QC 
and k. 

In general, when b is small as in Fig. 9(b), the elec-
tron bunching starts in the left part of the decelerating 
region. A larger value of b tends to place the bunching 
toward the right. This can be seen in Figs. 9(c) and 
9(d). The location of the bunches is related to ii(s, t), as 
has been mentioned. As y increases, the bunching moves 
gradually toward the left. At the saturation level, half 
of the bunch is located in the accelerating region and 
half in the decelerating region. The net power transfer 
between the circuit and the beam is then zero. In gen-
eral, the beam contains a strong fundamental com-
ponent at the saturation level. The bunching is not 
effective simply because of the position of the bunch 
with respect to the circuit field. Thus we may increase 
the efficiency by introducing a sudden phase-shift to the 
circuit wave near the saturation level such that the 
bunch may be moved well inside the decelerating re-
gion. The electrons in the bunch will then continue to 
contribute power until they reach the accelerating re-
gion again. 
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APPENDIX I 

Put 

V(z, t) = 4- wie i(we-(.1.0)zi  

where 

and 

— (144,0, y) I dck. (32) 

In the linear theory, we may put 

X = pe-i‘no -F 

w1 = A(z)e'8(z) (29) The space charge integral in (32) then becomes 

B' (uo —co <P)AXdct, = B' (-01 

X(4)0, y) = f 2q(c1)0, y)dy. 
y(4,0.0) • [fre—i+0(e—io — 1) + p*eiMeie — 1)}4, (33) 
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where B'[(uo/co)ck] is the derivative of B(z) with respect we find, 
to 0. Expanding 

= 1 -F jX + • • • 

we have for (31) and (32), respectively, 

i 2or 

ibigh = — e/411 = — p (34) 
dy 2r o 

d2p e  10 uo 
— = p mw-C- no 0)(e-io — 1)dcp. (35) 
dy2 

e f 
4QC =  

mw2C2 uo w 
B' (— (1))(e-;0 — 1)64. (38) 

According to ( 19), we have finally ( 22) or (23) of the 
text. 

APPENDIX II 

The following is the second-order smal4ignal theory 
used in this paper to calculate the initial conditions. 

Substituting —p in (34) into (35), we obtain Put 

([ c12 
e lof (an 

dy2 mw2C2 (7) (1)) (e-14' — 1)(111 

• [—d jb] = 0. (36) 
dy 

Comparing this with the Pierce equation,8 

+ 4QC)(3 + j = 0 (37) 

8 Pierce, op. cit., eq. (7.13). 

V(z, = loeitwe-(0 ,, o):1 

U = éUi 62112 

X = Ex1+ €2x2. 

(39) 

(40) 

Here e is a small quantity and x is X defined in (30) of 
Appendix I. The following quantities may be expanded 
into power series in e. 

xi2)eix = 1 + E./xi e2(jx2 — —2 • • (41) 
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X1 
= 1 — eiX1 + €2 (— iX2 — —2 2) + • • • (42) 

B[— {4)eto + — (1)(4,0, y) 11 = Br__ , x)] 
= [B,C2 0)4] co 

un 
B ,, 

uo co se 
13) 42 + (àxi2)] 

2 

+..., (43) 

where B' and B" are respectively the first and the 
second derivatives of B with respect to ck. By putting 

X1 = Pb- i«e° P*el«e° 

X2 = qe-24° ± 7 + q*e2i.1.0. 

(44) 

(45) 

The equations of the first-order small quantities can be 
derived from (7) to ( 10) and are given by (34) and (35) 
in Appendix I, with tvi= vi. The equations of the second-
order small quantities are 

dV2 2ar xi 
-- jb1,2 = — eel.° ./.X2 — d'eo 
dy 2r cl 2 

d2x2 
= je-14'°(— iXivi) — jeisqiXivi*) 

dy2 

e  10 r+-[ Uo 

Me. 22 J uo B' (k)ax2 

B"(t) 0) 
2 

(46) 

From (46), v2 must be zero, as x2 and x do not contain 
any terms involving ei4'0, or its conjugate e— le°. We may 
thus put 

= eel = Eel" 

= ± 

(48) 

(49) 

where ¡hi and /À2 are Pierce's' xi and yi respectively. By 
means of (44) to (49), we obtain the following relations 
after considerable algebra, 

x = — 26(1 g-i-jbl emtv cos [arg 'ND 

e2 (- 21 N ee-giv cos [arg N +4 2y— 2<1.0] — ) (50) 
214 

2q= — 2E(1 µ(1.4-1-jb)i &Iv cos [arg u(u+jb) -1-122y— 4,0]) 

+52( — 41 pArle2Piv cos [arg uN-1-2µ0-2(1,0]—euiv) (51) 

e 
 E,= — 68QC I 4-1-jbl mil COS [arg (µ-1-jb)-1- uzy— (1'n] 
unnuoC2 

+521 M 1 e2P'Y cos [arg M-1-2120-2(Do], (52) 

where 

N =(m-Fib) 

k2 
1-1-j12QC(1.4-1-jb)  

k2+4 

16QC(k2+1) 
41.42+  

.111 —  
8QC (2k2-1)—j12k2QC(.c-f-jb) 
  (g+jb). (54) 

k2+4 k2+1 

k2+4 

The initial conditions at y=0 are computed from (50) 
to (52) by setting e = 0.03 for all the cases. For this 
value of e, the maximum value of 12q1 is less than 10 

(47) per cent of IdO/dyl for the worst case. (I) is calculated 
from x by (30). 

Saturation Current in Alloy Junctions* 
W. M. WEBSTERt SENIOR MEMBER, IRE 

Summary—According to theory, the current which flows across a 
p-n junction when it is biased in the reverse direction should be 
nearly independent of the applied voltage. This current is called the 

saturation current, L. In actual practice, the current often increases 
with voltage (due to leakage paths across the junction at the surface) 
and eventually large currents flow as the breakdown voltage of the 
junction is approached. However, for "good" junctions well below 
their breakdown voltage, the reverse current follows theory so that 
the magnitude of I. is of considerable practical interest. 
A previous equation' for saturation current has been given which 

applies where the effect of free surfaces may be ignored and where 

there are quite thick (greater than a diffusion length) layers of mate-

* Original manuscript received by the IRE, October 25, 1954; re-
vised manuscript received, December 7, 1954. 

RCA Laboratories, Princeton, N. J. 
W. Shockley, "Holes and Electrons in Semiconductors," D. 

Van Nostrand Co., Inc., New York, N. Y., p. 314; 1950. 

(53) 

rial on either side of the junction. For alloy junctions made on thin 
pieces of semiconductor, these conditions are violated. 

In this paper a new equation is developed which applies specifi-
cally to diodes made by alloying circular junctions on thin wafers. 
Over its range of applicability, it gives accurate values of I.. It is 
shown that most of the saturation current comes from thermal gen-
eration at the free surfaces of the base wafer. The equation for I. 
consists of a geometrical term and a coefficient which depends on 

the physical constants of the material. The principal dependences are 
these: h increases linearly with base wafer resistivity and exponen-
tially with temperature. It also increases, but more slowly, with wafer 
thickness and surface recombination velocity. 

For the collector of an alloy junction transistor, the basic equation 
is the same as for a diode, except for a small correction involving the 
emitter area. For the emitter junction, reverse saturation current is 
often not of great interest but can also be calculated; this requires a 
modification of the basic equation which is also given in this paper. 
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GENER,AL DISCUSSION 

S
ATURATION current is due to thermal generation 
of hole-electron pairs on both sides of a p-n junc-
tion. The pairs diffuse toward the junction where 

they are separated by the applied field so that current 
flows. Generation occurs at surfaces and in the volume 
just as does recombination. This is not surprising 
since the two phenomena are intimately connected. 
Under equilibrium conditions, holes and electrons are 
constantly generated and recombining. These two 
processes must take place, on the average, at equal 
rates. Otherwise, the hole and electron concentrations 
would eventually become either zero or infinite. From 
measurements of the lifetime of excess hole-electron 
pairs (produced, for example, by illuminating a sample), 
the rate of recombination at equilibrium can be com-
puted. This is also the rate of generation at equilibrium. 
The net generation is defined as the difference be-
tween this total generation and whatever recombination 
may be taking place. 

Analytically, generation may be looked upon as "neg-
ative" recombination and treated with the same mathe-
matical techniques. For example, in n-type material, 
the volume recombination rate per unit volume is com-
monly given as (p — po)/T„ where p is the hole density 
(minority carriers), po is the equilibrium value of p, and 
ry is the average hole lifetime for holes lost through vol-
ume recombination. When p is less than po, the re-
combination rate becomes negative and, in fact, repre-
sents the net rate of thermal generation. Similarly, sur-
face recombination and generation are both represented 
by (p — pos (per square cm second), where s is the sur-
face recombination velocity. The saturation current, I., 
is calculated by integrating these terms over the volume 
and surface which contribute reverse current. In the 
present work, calculations are made for an n-type base 
wafer, such as would be used for a p-n-p alloy junction 
transistor. The same form applies to p-type material by 
appropriate exchange of symbols. 

CIRCULAR 
ALLOY DOT 

RECRYSTALLIZED 
ZONE 

777/7/7/ .17///:>, 

OHMIC 
CONNECTION 

TO BASE 
WAFER 

JUNCTION BASE 
WAFER 

Fig. I—Alloy junction diode geometry consisting of circular 
alloy dot on thin base wafer. 

SATURATION CURRENT IN DIODES 

Consider the diode geometry in Fig. 1 above. Four 
regions contribute to I.: (1) the volume of n-type wafer 
within a hole diffusion length, X„, of the junction; ( 2) 

the wafer surfaces within the same distance, X,; (3) the 
volume of the recrystallized material within an electron 
diffusion length, L., in the p-type material; and (4) the 
surface of the p-type material within L.. 

X, is determined by the actual hole lifetime in the n-
type wafer which, in the present case, is almost totally 
controlled by surface recombination. As such, it differs 
from the usual diffusion length (generally given the sym-
bol Lp) which is determined only by the volume lifetime 
and applies where surface effects may be neglected. To 
avoid confusion and emphasize the difference, X„ is used 
herein to designate the surface controlled diffusion 
length. If the actual hole lifetime is called rm, then X, is 
given by the expression 

X„ = -VD,r„„ (I) 

where D„ is the diffusion coefficient for holes in the n-
type base material. For thin wafers such as those used 
for alloy junction devices, 

2s 
1/r„, = 1/r„ —w ; (2) 

where r,, is the mean lifetime of holes lost by volume re-
combination, s is the surface recombination velocity 
and W is the wafer thickness.2 Usually, the most con-
venient way to compute X, is from direct measurement 
of r„, made on the alloy junction sample itself. This may 
be done by measuring the transient response of the junc-
tion diode." 

For simplicity, the analysis is limited to the case 
where 2s/W>>1/r„. This means that volume recom-
bination and generation are neglected. Typical values 
of s and r„ are 300 cm/second and 200 psec, respectively, 
in germanium. The wafer thickness, W, is usually less 
than 2.5 X10-2 cm (0.010 inch). For such conditions, 
the contribution from the volume is less than 20 per 
cent of the contribution from the surface so that the ap-
proximation is not a serious limitation. Now, X„ may be 
written as 

= WD, 
(3) 

2s 

In addition, the two contributions to .1„ from the re-
crystallized region are of negligible importance in prac-
tice as can be shown by the following argument: The 
ratio of electron current, I„, which flows from the alloy 
region to the base wafer, to the hole current, 4, which 
flows in the opposite direction, is given by the familiar 
relation 

O'bXp 

=   (4) 
I, (ref,. 

2 Eq. (2) is derived by combining (17) and ( 19b) appearing on pp. 
322 and 323 of Reference 1. It applies only where sW«D„, which 
limits the analysis to the case of thin wafers. 

S. Lederhandler and L. J. Giacoletto, " Measurement of Minority 
Carrier Lifetime and Surface Effects in Junction Devices," to be 
published in PROC. I.R.E. 

B. R. Gossick, " Post-injection barrier electromotive force of 
p-n junction," Phys. Rev., vol. 91, p. 1012; 1953. 
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where go and cre are the conductivities of the base and 
p-type regions, respectively. Eq. 4 is related to the in-
jection efficiency of the junction. From measured values 
of emitter efficiency of p-n-p alloy junction transistors, 
one may compute values of /o/h, which are generally 
much less than 0.1. 
Thus, the only important contribution to I. is from 

the surface of the base wafer. An approximate expres-
sion for L, results from assuming that all holes gen-
erated at the free surfaces bounded by the radii a and 
(a-04) are collected and that the number of holes gen-
erated per second per square centimeter of free surface 
within this range is pos. Then, 

I. = qpos [27(a -I- X„) 2 — re], 

where q is the electronic charge. 
Eq. 5 may be put into more familiar terms by replac-

ing s with D„W/2X,,2 and po with 

kT 5 

(5) 

Po = 
pi' ( 1 ± b)2 q2D„ 

Here, p is the resistivity of the base wafer, pi the re-
sistivity of the intrinsic semiconductor, and b is the 
ratio of electron to hole mobilities. The result is 

kTpb 2a 1 ( a 2 
/8 -   it-W[1 — — — (6) 

q p42 ( 1 ± b)2 X,, 2 X) 1' 

where 

X„ = 4/ DPW 
2s 

pi decreases exponentially with temperature so that 
h increases rapidly. In germanium, the rate of increase 
of /8 is approximately 10 per cent per degree C. in the 
neighborhood of room temperature. 

Eq. 6 may be evaluated for the case of an n-type 
germanium wafer where b= 2, pi= 47 ohm-cm at 25 de-
grees C., and D„=44 cm2/second: 

2a  /8 = 7.6Weeen°[1+ — 1 ( a 2 — —)] microamperes, 

and 

X,, = 4. 
711/ cm. —Ws 

AT is the difference between operating temperature and 
25 degrees C. The exponential in AT accounts for the 
dependence of pi on temperature. For a typical case 
where p = 4 ohm cm, W=0.013 cm, (1, 0.06 cm, and 
s= 300 cm/second, X,,= 0.03 cm, and I.= 2.8 µa at 25 
degrees C. 

Eq. 6 may also be applied to p-type base material by 

substituting X„= N/Dor„, for X,,, where D„ is the electron 

5 The origin of this expression is clear from Reference 1. Shockley's 
expression for saturation current and the result of the present deriva-
tion have the same coefficient; they differ in the geometrical terms. 

diffusion coefficient. Since b/(1 +b)2 has the same value 
if 1/b is substituted for b (i.e., when hole and electron 
mobilities are interchanged), no other changes need be 
made. In germanium X. will be greater than X„ by about 
40 per cent for the same value of T,„. Thus, for the same 
resistivity, Li should be a little lower in p-type base ma-
terial than in n-type. 
The analysis was initially limited to the case where 

W«2sr,, so that volume generation is neglected. For 
thicker wafers, (or smaller s or r8), the contribution from 
the volume must be included. This is automatically ac-
complished if X„ is computed from lifetime measure-
ments made on the sample itself, using ( 1) as suggested 

above. 
In typical germanium diodes of about five mils thick-

ness, X,, is in the neighborhood of ten mils. For "a" less 
than 4X„ (0.040 inch) the term ( 1 -1-2a/X„) dominates 
the geometrical factor. For large junctions, the term 
a2/2X,„2 dominates. Since X„2 is approximately propor-
tional to W, this means that I. increases with wafer 
thickness more rapidly for small junctions than for large 
ones. Also, in small junctions I„ increases approximately 
as VS while the dependence approaches the first power 
for large junctions. 
A more rigorous calculation of the geometrical terms 

involves integration of the net generation, (po—p)s, over 
the surface. We may make the assumption that p-,0 
on the surface region opposite the junction when W is 
small but in the circular ring where a < r < (a +X„), 
strong radial hole density gradients exist and this as-
sumption is certainly untrue. Rightfully, the terms 
(1 -F2a/X„) should be replaced by the solution of the 
equations 

and 

2qs 
fr 

dp 
„(r) = — q1:4— 

dr 
(7) 

[pa — p(r)]rdr = — rW./p(r). (8) 

The first of these equations simply states that holes flow 
in the wafer by diffusion. The second demands con-
tinuity of hole current by equating the total hole cur-
rent flowing toward the junction through a circle of 
radius r to the net generation from that point outward. 
These equations may be combined to give a Bessels' 
equation of zero order whose solution has an imaginary 
argument: 

1 d dy\ 2s 
(9) 

r citY dri WD„ 

where y = po —p. 
Without going into further detail, the term needed to 

replace ( 1 + 2a/X„) in (6) turns out to be 

f(a\ = 2a Ilin)(ia/4) 

X„) X,, i110(')(ia/X„) 
(10) 
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The terms —H1(') and W ow are tabulated functions' 
and f(a1)',,) is plotted, with ( 1 + 2a/X„), against a/X„ in 
Fig. 2. Only for a/X„ less than about 0.3 do the two 
solutions depart appreciably. In most practical cases 
al).., is greater than 0.3 so that the approximate ex-
pression is sufficiently good. If a < W, (6) will give values 
of I. which are somewhat high since density gradients 
across the wafer thickness (which were neglected in the 
calculation) will become appreciable. Within the usual 
range of application, however, this is not a likely source 

of error. 

05 I 0 1.5 

Fig. 2—Approximate solution (1-1-2a/X,„) compared to 
Bessel function solution f(a IX,). 

EXPERIMENTAL VERIFICATION 

In order to verify (6), I, was measured and computed 
for a series of 48 alloy junction diodes of different geome-
try made on n-type germanium wafers of various re-
sistivities. X, was computed from r,„ measurements ac-

cording to ( 1). The bulk resistivity was measured on 
the original ingots and also checked for local variations 

in the following manner: The capacitance of the junction 
when biased in the reverse direction by a voltage, V, is 

E. Jahnke and F. Emde, "Tables of Functions," G. E. Stechert 
and Co., New York, N. Y.; 1938. 

a' 
C 4 X 10-8  farads. 

N/Vp 

"a" and C were determined by direct measurement 
(traveling microscope and capacitance bridge respec-
tively). From these, p was computed. In this experiment, 
I, varied from 0.8 to 23 j.tamps, p from 0.5 to 15 ohm cm, 
r„, from 1 to 30 microseconds, and "a" from 10 to 53 
mils. All samples were five mils in thickness. About 80 
per cent of the measured values fell within + 50 per 
cent of the calculated values and the average of the 
ratio of calculated to measured values is within one per 
cent of unity. This agreement is even better than one 
would expect considering the possible errors. The ac-
curacy of measurement of resistivity alone would ac-

count for the observed spread. 

SATURATION CURRENT IN TRANSISTORS 

The above development applies principally to diodes 
since it assumes a free surface opposite the dot. For the 
collector of a transistor whose emitter is floating, the 
emitter area should be subtracted out of the geometrical 
term. This amounts to replacing (a/X„)2 w ith (a' — c2)/x„2 
in (6), where c is the radius of the emitter. This is usually 
a small correction since the emitter area is much less 
than the collector area. For the emitter, however, (6) 
gives much lower values of I, than those one measures. 
This is because the floating collector is able to enlarge 

the collecting ability of the emitter by what is called 
the feed-in feed-out effect. By this mechanism, holes 
are collected by the collector near its periphery and 
translated to its center where they are re-emitted to 
contribute to the emitter saturation current. Thus, the 
emitter saturation current is related to the collector 
saturation current. An approximate expression for the 
emitter saturation current, I.., in terms of the collector 
saturation current, 1. , (where both currents are meas-

ured on same transistor with opposite junction floating 
and collector substantially larger than emitter), is: 

ICI 

1 + 
wwbr ± 2a +  / a\ 2  

e2 L X 2.)t„i 

, (11) 

where Wb is the average emitter-collector spacing, "c" 
is the emitter radius and "a" the collector radius as be-
fore. For example, when a = 0.060 cm, c= 0.020 cm, 
W=0.013 cm, Wb= 0.005 cm, and X, = 0.030 cm, 
/,,,//c, should equal 0.67. For a transistor of this geome-
try, the experimental value was 0.69, suggesting that 
(11) is valid for usual ratio of emitter to collector areas. 
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Theory of Radio Transmission by Tropospheric 
Scattering Using Very Narrow Beams* 

H. G. BOOKERt, FELLOW, IRE AND J. T. DEBETTENCOURTt, ASSOCIATE, IRE 

Summary—Calculations have been made for communication over 
a 300-km path between antennas, each consisting of a paraboloid of 
diameter 100 X. It is assumed that, under normal atmospheric condi-
dons, transmission over this distance is due to scattering by atmos-
pheric irregularities and that the scattering phenomena are described 

by the formula used by Booker and Gordon.' Over this path, the effect 
of spread in the direction of arrival of scattered power should become 
noticeable for beamwidths less than about 1.5 degrees. For the 0.73 
degree-beams assumed, spread in the angle of arrival should show 
up quite markedly for synchronized beam swinging—that is, when 

the beams at both transmitter and receiver are swung simultaneously 
so that their axes continue to intersect. When the beams are swung 
1 degree to one side of the great circle path, the reduction in power 
received should be about 7 db, as compared with more than 40 db 

that would occur for propagation purely in the vertical plane contain-
ing transmitter and receiver. Narrowing the antenna beams to very 
small values is an important key to increasing circuit radio-frequency 
bandwidth capability, although at the expense of increasing antenna 
"aperture-medium coupling loss" (so-called "gain loss"). For the 
assumed circuit average bandwidth should be about 6 mcp, the loss 
being of the order of 10 db. For beams much larger than 1.5 degrees, 
the bandwidth should be limited by the medium to about 3 mcp, with 

negligible loss. 
General formulas are given from which the important character-

istics of any such corrununication link can be predicted. 

I. INTRODUCTION 

I
T IS THE object of this paper to make some calcu-
lations about possible experiments that are capable 
of supporting the view that long-range tropospheric 

propagation not associated with superrefraction is due 
to scattering by turbulent irregularities in the atmos-
phere. 1,2 Transmission by means of this scattering 
mechanism should involve a situation in which the 
energy arriving at the receiver is spread over a sub-
stantial angle, and by using sufficiently narrow beams 
this effect could presumably be demonstrated. Is it 
possible to demonstrate this effect with presently avail-
able equipment and technique? 
Even at a wavelength as long as 10 cm there is now 

no serious difficulty in designing a paraboloidal antenna 
whose diameter D is 100 X. It would be feasible to ar-
range an experiment using such antennas for both trans-
mission and reception between two sites about 300 km 
apart. This is a distance such that, in the absence of 

• Original manuscript received by the IRE, July 23, 1954. The 
research in this paper was supported jointly by the Army, Navy and 
Air Force under contract with the Massachusetts Institute of Tech-
nology. 
t School of Engineering, Cornell University, and Consultant, Lin-

coln Laboratory, Mass. Inst. Tech., Cambridge, Mass. 
Staff Member, Lincoln Laboratory, Mass. Inst. Tech., Cam-

bridge, Mass. 
1 H. G. Booker and W. E. Gordon, "A theory of radio scattering in 

the troposphere," PROC. I.R.E., vol. 38, pp. 401-412; April, 1950. 
2 E. C. S. Megaw, "The scattering of electromagnetic waves by 

atmospheric turbulence," Nature, vol. 166, pp. 1100-1104; Decem-
ber, 1950. 

superrefraction, the received power should be due to 
scattering by atmospheric irregularities and should 
therefore show a spread in angle of arrival. On the other 
hand, 300 km is a distance such that superrefraction 
should occasionally swamp the scattered signal, and the 
spread in angle of arrival should then be much less ap-
preciable. It would be quite interesting to observe a 
change in the angle over which power is received as 
atmospheric conditions change from normal to super-
refractive and back again. With such a path in mind, all 
calculations have been done for a distance of 300 km. 
The transmitting and receiving antennas have been 

thought of as having identical circular apertures of 
diameter 100 X, and parabolic aperture distributions 
with maximum illumination at the center and zero at 
the edges. This corresponds to a beamwidth of about 
0.73 degree, a sidelobe ratio of about 25 db, and a 
power gain of about 48 db over an isotropic antenna. In 
most calculations, the antennas have been assumed to 
produce conical beams in free space of beamwidth 0.73 
degree with no sidelobes, but in certain cases a some-
what more elaborate assumption has been made. 
The wavelength plays little part in these calculations 

except in relation to antenna size. The results would 
apply to transmission over a 300-km path at almost any 
wavelength normally used in tropospheric propagation 
provided that antennas of beamwidth 0.73 degree are 
used. However, it is only at centimeter wavelengths that 
such antennas are, in fact, available. 

It may perhaps be stated at the outset that the as-
sumed beamwidths should be narrow enough to exhibit 
the scattering nature of the mechanism of transmission 
provided the experiment is properly carried out. It is 
important to realize, however, that to carry out the 
experiment properly, it is not sufficient merely to swing 
the receiving beam. This results in radical variation of 
the common volume formed by the cones corresponding 
to the two antennas. Indeed, the common volume can 
easily be destroyed if only one beam is swung. It is 
necessary to swing the transmitting and receiving an-
tennas simultaneously so that the axes of the two beams 
continue to intersect. With narrow beams, this requires 
a fairly high degree of pointing accuracy. The calcula-
tions presented in this paper refer to synchronized beam 
swinging in which the axes of the transmitting and re-
ceiving antennas always intersect. So far as the authors 
are aware, previous attempts to observe the effects of 
atmospheric scattering by beam swinging have never 
employed synchronized beam swinging. 

Section II describes the extent to which beamwidth 
must be reduced in order to demonstrate easily the 
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angular spread in the scattered power. Following a gen-
eral discussion of received power in Section I II, Section 
IV considers the effect of antenna "gain" in which the 
concept of "aperture-to-medium coupling loss" is intro-
duced. Section V deals with the variation of receiver 
power with angle in experiments involving synchronized 
beam swinging. Section VI deals with pulse distortion, 
and this is expressed in terms of the bandwidth of the 
circuit for communication purposes in Section VII, 
which includes a discussion of the effect of antenna beam 
angle on the ultimate signal-to-noise ratio of the circuit. 

II. THE ANGLE OVER W HICH RECEIVED 
POWER IS SPREAD 

Following Booker and Gordon,' it is assumed that the 
power scattered by the atmosphere per unit solid angle, 
per unit incident power density, and per unit volume is 

f —\ (s/X)3 
A, 2 

e 
o = (1) 

(2s sin 0 )21 

X 2 

where 0 is the angle between the direction of incidence 
and the direction of scattering, (e/e)2 is the mean-

square deviation of the dielectric constant of the atmos-
phere from mean, s -= 27r times the scale 1 of the atmos-

pheric irregularities, and X is the wavelength. Exp. ( 1) is 
strictly appropriate to scattering in a plane perpendicu-
lar to the electric field of the incident wave, but for the 
small scattering angles in which we are interested the 
effect of polarization is negligible. 
When Booker and Gordon' wrote  their paper, no 

measurements had been made of (,à€/€)2 and / in the free 
atmosphere, so that they considered various possibili-
ties, some of which are known now to be of no practical 
interest in tropospheric propagation. Since then, air-
borne refractometersm have come into use, and an 
analysis of a large number of observations by Crain, 
Straiton and von Rosenberg5 has shown that values of / 
in free atmosphere range from about 20 to 130 meters, 
with a mean value of around 50 meters. There is no 
marked tendency for a variation with height except near 

the surface of the earth. Values of (,à€/€)2 range from 0.4 
X10-" to 6.4 X10-42, with a significant tendency for a 
decrease with increase of height except close to the surface. 
As pointed out by Gordon,' therefore, values of s in 

(1) are to be thought of as large compared with almost 
any wavelength normally considered in tropospheric 
propagation, and very large compared with the centi-
meter wavelength that would be involved in the 300-km 
experiment. Most of the scattering takes place in a 

3 G. Birnbaum, "A recording microwave refractometer," Rev. Sci. 
Instr., vol. 21, pp. 169-178; February, 1950. 

4 C. M. Crain, "Apparatus for recording fluctuations in the re-
fractive index of the atmosphere at 3.2 centimeters wavelength," 
Rev. Sci. Instr., vol. 21, pp. 456-457; May, 1950. 

6 C. M. Crain, A. W. Straiton and C. E. von Rosenberg, "A sta-
tistical survey of atmospheric index-of-refraction variation," Trans. 
1.R.E., vol. AP- 1, pp. 43-46; October, 1953. 

6 W. E. Gordon, " Interpretation of diversity and fading measure-
ments in tropospheric radio scattering," presented at the URSI 
Meeting, Washington, April, 1953 (to be published). 

beam within the angle X/s radians of the forward direc-
tion,' and, at distances beyond the horizon, the receiver 
is not in the main scattering beam. Assuming that 0«1 
radian, the basic scattering formula, therefore, reduces to 

1   1 
a. . (2) 

94 

This formula applies only for scattering at angles such 
that 

X/s 0 1, (3) 

but it is virtually certain that these conditions would be 
satisfied in the experiments under consideration. 

It should be noticed that (2) for o- is independent of 
frequency and depends, not on ( e/e)2 and s separately, 
but only upon the combination 

1   
— (/6)2 = Sp (4) 

which will be referred to as the "scattering parameter" 
of the atmosphere. The value of this scattering parame-
ter is in the neighborhood of 10-'4 to 10-'3 meter-' at the 
heights at which refractometer measurements have been 
made (up to about 12,000 feet). At the higher heights of 
interest in tropospheric scattering, the value may well 
drop to 10-e meter-'. 

It has been shown by Gordon' that, under conditions 
when (2) is applicable, the horizontal angle over which 
scattered radiation arrives at a receiver is restricted to 
an angle whose magnitude is comparable with the angle 
of intersection of the tangent planes at transmitter and 
receiver. For the horizontal angle a, in radians over 
which scattered radiation is spread at the receiver, 
Gordon gives the formula 

2 2 
— (d/R) = — Oe a,, 
3 3 

(5) 

where d is the distance between transmitter and re-
ceiver, R is the radius of the earth, modified to allow for 
normal atmospheric refraction, and OD =d/R. For the 
vertical angle over which scattered radiation arrives at 
the receiver, Gordon gives a similar formula assuming 
Sp varies inversely with the square of height above 
ground. Taking d= 300 km and R=8,000 km, the angle 
of (5) evaluates to about 1.4 degrees. In these circum-
stances, the fact that the scattered signal is spread in 
direction of arrival will be quite noticeable for antenna 
beams appreciably less than about 1.4 degrees in width, 
but will not be an important feature for antenna beams 
appreciably wider than 1.4 degrees. 

Practically all experiments made in connection with 
tropospheric scattering have used beam angles so wide 
that the effect of the spread in the direction of arrival of 
the scattered waves has been unimportant. 7," Thus Bul-

K. Bullington, " Radio transmission beyond the horizon in the 
40- to 4,000-mc band," PROC. I.R.E., vol. 41, pp. 132-135; January, 
1953.. 

8 G. R. Chambers, J. W. Herbstreit, and K. A. Norton, "Pre-
liminary report on propagation measurements. From 92-1046 at 
Cheyenne Mountain, Colorado," Report No. 1826, National Bureau 
of Standards; 1952. 
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This formula applies for identical transmitting and re-
ceiving antennas ar =aR=a. It further assumes that 
Sp is independent of height above ground. As a gets 
smaller, the height of the relevant scattering volume 
above ground decreases so that the appropriate value of 
Sp probably increases. Consequently, (20) gives values 
of loss that are probably too large. 
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Fig. 4—Variation of aperture-medium coupling loss Lc for identical 
small-beam antennas with beam angle a. S,, assumed to be 
constant with height above the ground. 

Using the solid curve for PR and the dashed curve for 
PR (large a) in Fig. 3, Lc may be determined, and is 
shown as the solid curve in Fig. 4. For large values of a, 
the "loss" is negligible and therefore independent of a; 
for very small beam angles (a«ac), the loss varies as 
(1/a3). For the 100-X paraboloids contemplated on the 
300-km path, an aperture-medium coupling loss of 
14 db is obtained. This value is probably several decibels 
too large because the variation of Sp with height was 
neglected and also because of the rather crude assump-
tions made about the antennas. 

In view of what has been said, it may be seriously 
questioned whether use of beamwidths smaller than 
about d/R is worth while. Purely from the viewpoint of 
power received, use of beamwidths less than about d1R 
is probably not worthwhile. However, for transmission 
due to scattering by atmospheric irregularities, beam 
angles also have an important influence on the band-
width of the circuit for communication purposes (see 

Section VII). 

V. EFFECT OF SYNCHRONIZED BEAM-SWINGING 
ON RECEIVED POWER° 

When propagation is due primarily to scattering by 
irregularities in the atmosphere, the analysis of the ef-
fect of swinging the transmitting and/or receiving 
beams requires careful consideration. If the beam angles 
are large compared with the angle over which scattered 
radiation is spread (a>>ac), the effect of beam swinging 
is substantially the same as for rectilinear propagation, 
and the variation of received power is controlled mainly 
by the polar diagrams of the antennas. If, however, the 
beam angles are small compared with the spread due to 

le The authors are indebted to J. H. Chisholm of the Lincoln Labo-
ratory, Mass. Inst. Tech., for many helpful discussions, particularly 
concerning this section. 

scattering (a«cx,), quite a different situation arises. If 
one beam is swung and the other held fixed, the effect is 
somewhat complicated. But suppose that both beams 
are swung through equal angles in such a way that a 
common point of intersection of their axes is preserved. 
Then the variation of received power is controlled 
mainly by the scattering polar diagram of the atmos-
phere rather than by the polar diagrams of the antennas. 
Let us investigate the effect on received power of such 
synchronized swinging of the transmitting and receiving 
beams under conditions when the beam angles are small 
compared with the angle over which scattered radiation 
is important. 

Let us assume that the angles of the transmitting and 
receiving antennas are equal, that the beams are initially 
directed horizontally in the vertical plane containing 
both antennas, and that each is then swung about a 
vertical axis through an angle ct. on the same side of the 
great circle joining transmitter and receiver. The mean 
angle of scattering when 4) = 0 is given by (7) but, if we 
assume that a«d1R, this becomes 

d 
0 = = 0. 

When the beams are swung horizontally to one side 
through an angle cl) (small compared with one radian), 
the scattering angle becomes, by elementary geometry, 

r( d 11/2 

01 = 2 1A2R ) de2j 

As a result of swinging the beams, the scattering angle is 
therefore changed in the ratio 

0' = [1 + (2R \ 2021 12 . 

0 d I 

From (2), the power scattered per unit volume is re-
duced correspondingly in the ratio 

(1\4 = 0' ) 

and, from (6), the scattering volume is reduced in the 
ratio 

0 = [ i (2R)202 —1/2. 

Of d 

The power received is therefore reduced in the ratio 

0 = [ i + ( 2R ) 202 — 8/2 

d 

= [1 (-)T612. 

Expressed in decibels, this is plotted in Fig. 5 (following 
page) as a function of 4, for d= 300 km and for several 
values of the ratio of the actual to the equivalent curva-
ture of the earth. The curve marked 0.8 may be regarded 
as representing normal atmospheric conditions. 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 
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It may be seen from Fig. 5 that, for the 300-km path 
under normal atmospheric conditions (K/Ko= 0.8), the 
effect of turning the two beams to one side by 1 degree is 
to reduce the power received by about 7 db. If on the 
other hand we consider highly superrefractive conditions 
in which the power received is due predominantly to 
refraction instead of scattering, the effect of turning 
both beams aside 1 degree would be determined by the 
polar diagrams of the 100-X apertures. The received 
power in this case would be reduced by more than 40 db. 
Thus the proposed 300-km link would provide the basis 
for an experiment demonstrating the existence of scat-
tering due to atmospheric irregularities. The procedure 
would be as follows: 

(1) Under highly superrefractive conditions, demon-
strate that the effect of turning both antennas to 
one side about 1 degree is to reduce the power re-
ceived by more than 40 db. 

(2) Repeat the experiment under normal atmospheric 
conditions, demonstrating that the effect of turn-
ing both antennas to one side about 1 degree is at 
least 30 db less than under highly superrefractive 
conditions. 
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Fig. 5—Decrease in field due to turning 7' and R beams through equal 
azimuths. Indefinitely narrow beams are assumed, and a correc-
tion is required for beams of finite width (see Fig. 11). 

A similar calculation to the above can be made if 95 is 
kept zero but the axes of the two antenna beams are 
elevated by equal angles 5/./. The ratio of the power re-
ceived when the beams are elevated to that received 
when 4/ = 0 works out to be 

5 2R - 5 211/ - 5 

(;) = ( 1 + - d = (i + -00) 

(27) 

assuming that the scattering parameter of the atmos-
phere given by (4) is independent of height. In an at-
mosphere of scale height II, however, we might expect 
the scattering parameter to decrease with height h 
above ground, proportional to 

exp (- 2h/11), (28) 

and in this case the ratio of the power received for angles 
of elevation 4,, to that received when 0, becomes 

exp [—ed/H] 

(1 ± 2#/00)6 

Figs. 6 and 7 show this power ratio, expressed in deci-
bels, as a function of 4/, for d=300 km. In Fig. 6, it is 
assumed that R=8,000 km and curves are drawn for 

ZO 

(29) 
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20 

Fig. 6—Decrease in field due to elevating T and R beams equal angles, 
R=8,000 km. The calculation is done for uniform scattering with 
height, and for the expected exponential decrease with height. 
Subsequent calculations assume the latter. 
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Fig. 7—Decrease in field due to elevating T and R beams equal 
angles, for several effective earth's curvatures. Indefinitely nar-
row beams are assumed, and a correction is required for beams 
of finite width (see Fig. 12). 

H= 00 and H=8 km. In Fig. 7, it is assumed that 
11=8 km, and various ratios of the equivalent to the 
actual curvature of the earth are assumed. It is clear 
that, in both the vertical and the horizontal directions, 
synchronized swinging of the beams on the 300-km cir-
cuit should produce appreciably smaller changes of re-
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ceived power than would occur in free space, and this 
would be direct evidence that the power being received 
is spread over a cone larger than the antenna cones. 

VI. RECEIVED PULSE SHAPE AND ITS 
DEPENDENCE ON BEAM SWINGING 

Different scattering elements within the scattering 
volume involve different delay times between transmis-
sion and reception, and this leads to some difference in 
shape between a transmitted pulse and the received 
pulse. Moreover, in the synchronized beam-swinging 
experiments contemplated in the preceding section, the 

AZIMUTH OF BEAMS Idepeml 

Fig. 8—Pulse delay and elongation due to turning T and R beams 
through equal azimuths. 
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Fig. 9—Pulse delay and elongation due to turning T and R beams 
through equal angles of elevation. 

mean transmission time will increase somewhat as the 
beams are swung away from the position of maximum 
signal. Let us make some calculations on these effects. 

Simple calculations may be made on the assumptions 
that the transmitted pulse is represented by an ideal 
impulse function and that the beams are cones of small 

semivertical angle a/2. Within the scattering volume 

defined by the intersection of the cones, the points cor-
responding to minimum and maximum transmission 
time may be located. These define the front and back of 
the pulse arriving at the receiver. From such calcula-
tions, Figs. 8 and 9, in the previous column, were con-

structed. 
When the azimuths and elevations of the beams are 

both zero, the received pulse at a distance of 300 km, 
corresponding to sending an ideal impulse over the 

path, is of length 0.16 µsec. Fig. 8 shows how the time of 
arrival of the front and back of the pulse vary as the two 
beams are turned to one side through equal angles. Fig. 
9 gives the same information when the beams are ele-
vated through equal angles at zero azimuth. It is clear 
from the figures that transmitted pulses of duration 

0.1 µsec would be seriously distorted, but that there 
should be no marked distortion of pulses of duration 

1.0 µsec. 
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Fig. 10—Variation of response with horizontal and vertical angles of 
arrival, for great circle pointing. The assumed product of the T 
and R polar diagrams is shown. Each power polar diagram is as-
sumed to have a parabolic main beam and no sidelobes. 

For accurate calculations of received pulse shape, use 
should be made of actual polar diagrams of antennas in-
stead of merely approximating to them by cones. In 
Figs. 10-14, on this and the following pages, use has 
been made, not of the complete polar diagrams of the 
antennas, but of a better approximation than a cone. 
The assumption is that the power polar diagram (power 
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Fig. 11—Variation of response with azimuth when the axes of both 
antennas are at azimuth 1 degree. 

as a function of angle from axis) can be represented 
by a parabola and that sidelobes can be completely 
neglected. On this basis, the assumed product of the 
transmitting and receiving polar diagrams is repre-
sented by the upper curve in Fig. 10. Using this in-
formation, and the mean scattering polar diagram of 
the atmospheric irregularities derived from (2), we can 
calculate how the power received depends on direction 
of arrival and hence on delay time. This gives the shape 
of the received pulse corresponding to a transmitted 
pulse whose shape is an ideal impulse function, from 
which it is possible to deduce the corresponding infor-
mation for any shape of transmitted pulse. 
To simplify calculations, it has not been assumed that 

the antenna beams have circular symmetry about their 
axes. In each calculation, it has been assumed that the 
beam has a width (to half-power) of 0.73 degree in one 
plane, but is indefinitely narrow in the perpendicular 
plane. This assumption enables one to calculate sepa-
rately the effect of horizontal and vertical multipath, 
but not of both simultaneously. 
For the 300-km path with the axes of the beams at 

zero azimuth and elevation, the curve marked "hori-
zontal angle" in Fig. 10 shows how the power received 
is distributed with horizontal angle of arrival. The curve 
marked "vertical angle" gives similar information for 
the distribution of received power with vertical angle of 
arrival. These curves are translated into received pulse 
shapes corresponding to a transmitted impulse function 
in Fig. 13 (Or =OR = 0 degree) and Fig. 14 (IPT =1,4 = 
degree). Fig. 11 refers to a situation in which the axes 
of the beams are turned to one side through 1 degree of 
azimuth. The curve shows the distribution of received 
power with horizontal angle. It shows in particular that 
maximum response occurs at an azimuth of 0.9 degree 
even though the axes of the beams are at azimuth 1.0 

0. 300km 

R • 9000km 

*T • 0"*.S 
oT • o. • 0 73. 

POWER POLAR DIAGRAM 

ASSUMED PARABOLIC 

0 01 1.0 

ELEVATION ( degrees). 

5 

Fig. 12—Variation of response with angle of elevation when the axes 
of both antennas are at elevation 1 degree. 

degree. This is because the parts of the beams nearer to 
the great circle path involve smaller scattering angles, 
and are consequently more effective. Fig. I 1 is trans-
lated into a received pulse shape corresponding to a 
transmitted impulse function in Fig. 13 (Or =OR = 1.0 
degree). Fig. 12 refers to a situation in which the axes of 
the beams are elevated 1 degree at zero azimuth, and 
this curve is translated into received pulse shape in Fig. 
14 (1,4 = 1.0 degree). 

It is clear from all these calculations that a study of 
pulse distortion in scatter transmission over the 300-km 
circuit would require pulses with a rise time as short as 
0.1 psec. 

VII. RADIO-FREQUENCY BANDWIDTH 

FOR COMMUNICATION 

The statements in the previous section concerning 
elongation of pulses in transmission due to atmospheric 
scattering may, of course, be translated into statements 
about the radio-frequency bandwidth of the circuit for 
communication purposes. In this connection, we con-
sider only the situation in which the azimuths and eleva-
tions of the axes of the antenna beams are zero. 

Consider a transmission path involving scattering at 
a point such that the azimuth at transmitter and re-
ceiver is cta, measured to the same side of the great circle 
path, and such that the angle of elevation at transmitter 
and receiver is 4/. A simple geometrical calculation 
shows that the corresponding path length exceeds that 
for = = 0 by approximately 

2 2 2R 2 \ 2R ) 

d 
= —2 (02 Oo e2). (30) 
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Fig. 13—Effect of horizontal multipath on the shape of the received 
pulses due to a transmitted impulse: (a) when azimuths are 0 
degree, (b) when azimuths are 1 degree. Elevations are 0 degree. 

The amount of pulse elongation involved in using 
beams of width a, less than a, given by (5), is obtained 
approximately by putting 

= a/2, 4, = a/2 (31) 

in (30), giving 

ad2 
= —4R (1 ± ce/00)• (32) 

Since the assumption that a is small compared with a, 
implies that a is small compared with 0(1, (32) reduces to 

ad' 
LP = — (a «a,), (33) 

4R 

giving a bandwidth for communication purposes of 

c 4cR 
B = = 

àP ac12 
(a « ac), (34) 

where c is the velocity of light in free space. Eq. (34) 
shows that, for a small compared with a., the band-
width of the circuit is inversely proportional to beam-
width. The narrower the beams, the less is the oppor-

tunity for multipath. 
The bandwidth of a circuit for which the beam angles 

are greater than a,, has been considered by Gordon.6 
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Fig. 14—Effect of vertical multipath on the shape of the received 
pulses due to a transmitted impulse: (a) when elevations are 0 
degree, (b) when elevations are 1 degree. Azimuths are 0 degree. 

Gordon obtained a value of AP for the conditions 4, = 0, 
=1/2 00. It might perhaps fit in better with (5) and 

(31) to put 

= i(d/R) = 00/3, ,p = 1-(d/R) = 00/4 (35) 

in (30), thereby slightly modifying the numerical co-
efficient in Gordon's formula. (These conditions corre-
spond to the case where Sp varies inversely with the 
square of height above the ground.) The bandwidth for 
beamwidths large compared with a, calculates to 

c 4.7cR2 
B = 

AP (18 
(a>> ac). (36) 

This bandwidth is independent of beam angle because, 
for beamwidths large compared with a., the degree of 
multipath is controlled by the properties of the atmos-
pheric irregularities rather than by the antennas in use. 

Variation of circuit bandwidth B with beam angle a 
is shown in Fig. 15 (next page) [10 log B (mc) vs a/cec]• 
For large values of a (a>>a,), B, given by (36) is inde-
pendent of a. For very small beam angles (a«a,), B is 
given by (34) and varies inversely as a. For intermedi-
ate values of a, the curve is interpolated. 

For R=8,000 km and conditions ( 16) and (17), B 

from Fig. 15 is about 6.3 mcps which is about the re-
ciprocal of 0.16 µsec derived from Figs. 8 and 9. For a 
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Fig. 15—Variation of transmission-circuit bandwidth B (in mc) for identical 
narrow-beam antennas with beam angle a. 

larger than ac, the circuit bandwidth, from (36) or Fig. 
15, is about 3 mcps. Thus narrow beams, with a less 
than ac, materially improve the capabilities of the 
transmission circuit insofar as bandwidth is concerned, 
even though the improvement in received power is 
minor. 
The end result of varying beam angle on the signal-

to-noise ratio S/N, is shown in Fig. 16, for conditions 
(16) and ( 17) and R= 8,000 km. A typical receiver noise 
figure NF of 10 is assumed. It is further assumed that 
the transmitter power Pr and wavelength X are such as 
to produce a signal-to-noise ratio of 10 db with a= lOac. 
The variation of PR is taken from Fig. 3. However, some 
care is necessary in discussing the variation of S/N with 
a. If circuit requirements are such that maximum possi-
ble bandwidth is demanded, then B is determined from 
Fig. 15 and the variation of S/N is determined in Fig. 16 
from the curve labeled "bandwidth matched to trans-

mission medium. . . ." In this case, narrowing the beam 
angle from large values results in a continued improve-
ment in S/N until small values of a (small compared 
with ac) are encountered, after which this ratio remains 
constant. Note that S/N does not decrease with de-
crease in a at values of a smaller than ac. 
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Fig. 16—Variation of signal-to-noise ratio for small-beam antennas 
with beam angle a. 

If, however, a fixed bandwidth is to be used, equal to 
that given by the maximum allowed from (36)—i.e., 
about 3.3 mc in Fig. 16—variation of S/N with a is 
given by curve labeled "bandwidth constant at 3.3 mc." 

Finally, if circuit requirements are such that only a 

,00 

moderate bandwidth is required, constant and less than 
(36), the variation of S/N with a is similar to the latter 
curve but shifted upwards by the reduction in noise with 
reduced bandwidth. Thus, if a bandwidth of 330 kc is 
satisfactory, the variation is S/N with a for the 300-km 
circuit will follow that given by the 3.3-mc curve but 
shifted upwards by 10 db. 

VIII. CONCLUSIONS 

Various transmission-circuit phenomena using identi-
cal narrow-beam transmitting and receiving antennas 
on paths extending beyond line-of-sight can be pre-
dicted approximately from the Booker-Gordon turbu-
lent scattering theory.' Computations are based upon 
an exponential correlation coefficient and upon the as-
sumption of off-beam scattering with scale of atmos-
pheric irregularities large compared with wavelength. 

It is shown that the behavior of such characteristics as 
signal level, circuit bandwidth, and pulse deterioration 
is dependent upon whether the antenna beam angles a 
are smaller or greater than a transitional value ae. The 
value of ae is given approximately by Gordon' as 2/3 00, 
where Oo =d/R, with d taken as the transmission distance 
and R as the equivalent earth's radius modified for refrac-
tion. For beam angles a much less than ac, received 
power varies with a at a rate of 1/a instead of ( 1/a") as 
with beams in free space, resulting in added loss inter-
preted as inefficient coupling between antennas and trans-
mission medium. Again, for narrow beam angles (a«ac), 
bandwidth capability of circuit varies as 1/a. Less mul-
tipath is involved with smaller beam angles. Simultane-
ous beam swinging, vertically or horizontally, should 
show variations differing from that for plane waves un-
der normal tropospheric transmission conditions. 

Calculations are given for a proposed 300-km path for 
100-X transmitting and receiving apertures, and for a 
scattering parameter assumed constant or, in some 
cases, decreasing exponentially with height. It is con-
sidered desirable to extend approximations made herein 
to a more exact description of the common scattering 
volume and to the variations of scattering parameter 
with height above ground. Finally, calculations should 
be made for other distances and for cases where trans-
mitting and receiving beams are dissimilar. 
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Logical and Control Functions Performed 
with Magnetic Cores* 

S. GUTERMANt ROBERT D. KODISt, SENIOR MEMBER, IRE, AND S. RUHMANt 

INTRODUCTION 

I
N THE RELATIVELY short period since its first 
application to digital computers, the magnetic core 
having a square hysteresis loop, has firmly estab-

lished its usefulness in high-speed large-scale storage 1-3 
and for buffer storage4,5 between input-output media, 
memory devices, and the heart or manipulative section 
of a computer. The magnetic core is particularly attrac-
tive because of its long life and consequent high order of 
reliability. A technique for performing logical functions 
with magnetic cores6-9 will be described here, which is 
based upon the "single-line" shift register." This meth-
od utilizes the inherent storage and amplification capa-
bilities of the cores in order to make possible an all-core 
manipulative organ. Vacuum tubes are only used for the 

shift pulse sources which drive all the cores in common. 
Extensive tests proved the soundness of this technique. 

SHIFT 
CURRENT 

SHIFT LINE 

"SINGLE-LINE" SHIFT REGISTER 

The main characteristics of the "single-line" shift reg-
ister (see Fig. 1) will be reviewed briefly before proceed-
ing with a discussion of the logical techniques based on 

it. The shift windings of all the cores are arranged in se-
ries to form what is called a "shift line." A source of cur-
rent pulses, referred to as "shift" or "read-out" pulses, 
is applied to the shift line. Saturation in the direction of 
the field applied by the shift pulse is defined as the 
ZERO state of a core; saturation in the opposite direc-
tion is defined as the ONE state. Application of a shift 
pulse clears all the cores to state ZERO, thus generating 
a voltage in the output winding of any core which was 
previously in state ONE. This voltage charges the asso-
ciated condenser through a diode; after the read-out, the 
condenser discharges through the succeeding core, there-
by writing a ONE into it. Thus the information is stored 

(a) 

(b) 

Fig. 1—Single-line shift register. 

* Original manuscript received by the IRE, April 22, 1954; revised 
manuscript received, November 26, 1954. 
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statically in the magnetic cores, and is advanced one 
stage with each application of the shift pulse, temporary 
storage being provided by the intercore link circuit. In 
Fig. 1(a), this link circuit is shown in its simplest form as 
a condenser-resistor combination. 

Since many other types of temporary storage can be 
and have been used," and the subject of this paper is not 
circuit design, the link henceforth simply will be repre-
sented by a four-terminal box. When the single-line reg-
ister is applied to logical circuits, it becomes difficult to 
draw the circuit in detail. This has led to a shorthand 
notation for the register given in Fig. 1(b). It will be 
noted that the shift line is not shown and a common shift 
source for all the cores can be assumed unless otherwise 
indicated. 

" S. Guterman and R. D. Kodis, " Magnetic core ring counter," 
Proc. NEC, Chicago, Ill., vol. 9, pp. 665-669; February, 1954. 
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BASIC FUNCTIONS 

The three basic requirements necessary to make possi-
ble an all-core manipulative organ, such as the algebraic 
or control unit of a computer, are: ( 1) storage or delay, 
(2) amplification, and (3) two out of the three elemen-
tary logical operations, AND, OR, and INHIBIT (AND 
NOT). The storage or delay capabilities of the single. 
line register have already been described. The core pro-
vides indefinite static storage while, under dynamic op-
eration, there is a delay of one pulse period per stage. 
Amplification is also inherent in the single-line register, 
as indicated by the fact that there is no attenuation in a 
register. In fact, each stage is a saturating magnetic am-
plifier, more energy being transferred to its output than 
is necessary to switch the core in the next stage. With 
proper design, it is possible to have this output switch 
more than one core. An amplifier stage, or branch cir-
cuit, whose output drives two other stages is shown in 
Fig. 2(a). The two driven cores are fed in series from the 
output of the amplifier stage. More than two stages can 
be driven from one, the upper limit being a function of 
the design. As a matter of fact, the authors have suc-
ceeded in driving five stages from one stage. Fig. 2(b) 
(above) gives the symbolic representation of the branch 
circuit. 

FT 
_FL NT SHIFT LINE 

(a) A 

Fig. 2—Amplifier or branch circuit. 

The two elementary logical operations from which the 
system under discussion is built up are OR and INHIB-
IT (AND NOT). Two ways of mixing (buffering) are 
used. The first, shown in Fig. 3(a), takes advantage of 
the diode normally associated with each core to buffer 
their outputs together into a common link circuit. The 
second, shown in Fig. 3(c), mixes the signals by feeding 
each into a separate input winding of the mixer core, the 
inputs being poled so that they tend to write a ONE in 
the core when they are energized. The first OR has the 
advantage that the buffered function is immediately 
available for use. On the other hand, the second OR has 
the advantage that the functions to be mixed as well as 
the buffered output are available for use, both OR cir-
cuits may handle more than two inputs, the maximum 
varying with the design. The symbol used for the two 
OR circuits, as shown in parts (b) and (d) of Fig. 3, indi-
cates their nature and circuit arrangement. 

The INHIBIT function [Fig. 4(a) (opposite)] is per-
formed by a winding fed in opposite polarity to a normal 
input winding, and referred to as an INHIBIT winding. 
When this winding receives a ONE signal, it tends to 
cancel a signal appearing on the input winding. Since 
both windings are driven from similar stages, the two 
opposing signals are identical, within a small tolerance. 
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Fig. 3—Mixing or buffer circuits. 
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To insure that the inhibit signal will prevail, the in-
hibit winding may be made somewhat larger than the 
input winding. Where the input to be inhibited comes 
from a link circuit onto which the outputs of two or more 
cores were buffered, the inhibit winding is further in-
creased to take care of the larger input appearing when 
all the buffered cores are energized simultaneously. Sim-
ilarly, for a mixer core with two affirmative inputs, 
which is to be inhibited even when both inputs are ener-
gized together, the normal inhibit winding must be 
doubled. It should be pointed out that the inhibit 
winding places virtually no load on the driving stage, 
since no flux change takes place in the inhibited core. 
Hence, more than one INHIBIT may be driven from 
one stage, the upper limit again being a function of the 
design. Fig. 4(b) gives the symbol used for the inhibit cir-
cuit; the solid line across the path of information flow is 
meant to suggest the blocking or inhibit action. If it is 
desired to inhibit the input to a core by means of either 
of two signals, two inhibit windings may be used as in 
Fig. 4(c), or the two signals may be mixed in an OR 
which then drives the INHIBIT, Fig. 4(d). 

These fundamental building blocks—the shift regis-
ter, the BRANCH, the two ORs, and the INHIBIT— 
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form the whole basis for the all-core logical technique 
under discussion, all other logical functions being built 
out of them. The analysis and design of specific circuits 
will not be treated here; instead it will be shown how 
other elementary, as well as complex, circuits may be 
synthesized from these blocks and applied to computer 

systems. 

SHIFT 
_J—LURRENT 

SHIFT LINE 

AB 

Fig. 4—Inhibit circuits. 
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Fig. 5(a). It consists of a core whose input winding re-
ceives a small dc current, poled so as to set the core to 
state ONE. The current is large enough to switch the 
core fully in the minimum period between shift pulses. 
Although this current actually opposes the shift pulse, it 
is normally so small by comparison that it may be neg-
lected. If necessary, however, the number of turns in 
the shift winding of the core may be increased to com-
pensate for this effect. The shorthand notation for the 
ONE-Generator is shown in Fig. 5(b). 

GENERATION OF TIMING PULSES 

Before proceeding with compound logical structures, 
it would seem desirable to discuss the generation of clock 
pulses, timing pulses, and other patterns or words for 
time-sequenced instructions and program control. A 
simple method, of course, is to connect a closed ring of 
shift register stages in which the desired information 
pattern is written initially and is then circulated by the 
shift pulses. This pattern is repeated at the output of 
each stage of the ring, but appears with a different tim-
ing (phase). This method has the advantage that all tim-
ing pulses are automatically available from a single ring, 
and any circulated pattern is available in every timing. 
The simplest application of this method is the genera-
tion of clock pulses (or continuous ONEs) from an ini-
tially set single register stage feeding back on itself. 
A disadvantage of using a ring is that once an error 

occurs, the circulated pattern will remain incorrect until 
the shift pulse is turned off and the pattern rewritten. 
Another method of generating information patterns, 
which does not have this disadvantage, will now be dis-
cussed. The simplest example, a circuit which produces 
clock pulses (or continuous ONEs), will be described 
first. This circuit, called a ONE-Generator, is shown in 
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t---1 CURRENT 

SHIFT LINE 

D C. CURRENT 
OR PULSE 

CONTINUOUS 
  'ONES «. 

NOTE A SMALL PERMANENT MAGNET MAY BE USED IN 
PLACE OF THE CURRENT INPUT TO SET THE 

CORE BETWEEN SHIFT PULSES 

(d) 

1 

(b) 

Fig. 5—ONE-Generator. 
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Fig. 6—Pattern generators. 

More complicated patterns may be obtained by feed-

ing a string of cores from a ONE-Generator and having 
feedback and advance feed between these cores that 
either inhibits or mixes with the main flow of informa-
tion. In Fig. 6(a) such a pattern generator with an IN-
HIBIT feedback from the last to the first core is shown, 
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If the number of cores in the line (aside from the ONE-
Generator) is N, the resulting pattern is 2N digits long 
and consists of N ZEROs followed by N ONEs. For 
N=1 a frequency division by a factor of 2 results, as 
shown in Fig. 6(b). A circuit with N=2 followed by one 
with N --- 1 gives a frequency division by a factor of 4 
[see Fig. 6(c)]. If in Fig. 6(a) a core external to the line 
is fed from one stage in the line and inhibited by the fol-
lowing or the preceding stage, the resulting pattern is a 
single ONE in a sequence of 2N bits, the phase of the 
ONE depending on the cores chosen. If the two cores 
are not adjacent but are two places away, the pattern 
will be two consecutive ONEs in a sequence of 2N bits. 
Two other interesting examples of pattern generation 
are shown in Figs. 6(d) and (e). Aside from their useful-
ness, the general theory of these circuits should be both 
interesting and challenging to the logician. 

Fig. 7—Complementing circuit. 

SYNTHESIS OF OTHER ELEMENTARY FUNCTIONS 

Proceeding now with the description of compound 
functions, the first one to be taken up will be a comple-
menting circuit. In a system where OR and INHIBIT 
are the two fundamental logical functions, complement-
ing is a very frequent and important operation. Refer-
ring to Fig. 7, the output of a ONE-Generator is fed 
into a core which is inhibited by A, giving ZEROs where 
there are ONEs in A, and vice versa. 

By symbolic algebra 1 = A. 

Thus, it requires two cores to produce from a binary in-
formation train A, its complement A. With the use of 
the complement circuit, it is now easy to synthesize the 
important elementary function, the AND gate which is 
otherwise difficult to do reliably in a straightforward 
manner. Referring to Fig. 8(b), input B is complemented 
and T3 used to inhibit A, thus obtaining A • B. 

By symbolic algebra A • (1) = A • B. 

Another AND gate, not using a ONE-Generator, is 
shown in Fig. 8(a). Here B innibits A to give A • T3, 
which in turn inhibits A, yielding A • B. 

A • (A • 13-) = A • B. 

It should be noted that in the gate of Fig. 8(b), A need 
not be available until one pulse period before the result 
appears, while in the circuit of Fig. 8(a), A must be 
available two pulse periods ahead of the result, because 

of the need to form A - T3. Obviously, applications in 
which A • B is to be fed back to form a new coincidence, 
(A • B) and B (next digit), one pulse period later, require 
the use of the Fig. 8(b) circuit. 
A very simple function to synthesize with core logic is 

the exclusive OR, shown in Fig. 9. A inhibits B, and B 
inhibits A and the results are buffered together. 

(b) 

L   —J 
(b) 

Fig. 9—Exclusive OR. 

AUGEND 
OR 

MINUEND 

ADDEND 
OR 

Sy8TRANEND 

Fig. 8—Coincidence or AND circuits. 

A•13 

A•B 

(Are). ( AgeB) 

(ArB)• ( A•13) 

PARTIAL CARRY 

PARTIAL SUM 
OR 

DPFFERENCE 

PARTIAL BORROW 

Fig. 10-1 lalf-adder-subtracter. 

By symbolic algebra (A • T3) V a • B) = (A V B) (A • B) 

Because of its simplicity, the exclusive OR is a very 
powerful tool in core logic. Its output is, of course, the 
partial sum or difference of the two incoming numbers 
A and B. The exclusive OR in Fig. 9(b) is in itself a par-
tial subtracter, the partial borrow for A —B appearing at 
the point marked B • A. By the addition of two cores to 
form a coincidence between A and B, as shown in Fig. 
10, a half-adder as well as a half-subtracter is obtained, 
the partial carry being available at the ouiput of the co-
incidence circuit. 
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With the single-line register, it is rather easy to build 
a flip-flop by the use of one stage feeding back on itself. 
As often as the contents of the register stage are read 
out, they are read back in again. To make provision for 
setting and resetting the flip-flop and for using its out-
put, an OR, an INHIBIT and a BRANCH are used, all 

on the one-register stage. The set and feedback inputs 
may be mixed on the core as in Fig. 11(a), or they may 
be diode buffered into a common link network as in Fig. 
11(b). Flip-flop (b) has the advantage that when it is 
set, its output is available one pulse time earlier than 
that of flip-flop (a). On the other hand, flip-flop (b) ties 
up the output of the setting core and always passes the 
set signal to the output, even when the reset is energized 
simultaneously. Two flip-flops interlocked so that the 
set for one is the reset for the other may be used to ob-
tain two complementary outputs. Fig. 11(c) shows two 

flip-flops of type (b) arranged in this manner. 

SET 

RESET 

SET 

RESET 

SET I 

RESET 

SET 

RESET I 

(C) 

Fig. II—Flip-flops. 

OUTPUT 

OUTPUT 

OUTPUT I 

OUTPUT 2 

GATING AND EXTRACTING 

In the core logic, the magnetic core flip-flops can be 
used to control the flow of information throughout a 
computer as successfully as dynamic or static flip-flops 
in conventional computing technique. Here, however, 
anti-coincidence is mostly used for gating purposes. The 
output of the dynamic core flip-flop, shown in Fig. 11, 
when applied to an inhibiting winding of a core in a reg-
ister, can stop information if a ONE is stored in it or let 
it pass if a ZERO is stored. 
Two illustrations of the use of flip-flops to gate or con-

trol the flow of information are presented in Fig. 12. 
Part (a) shows a double flip-flop acting as a single-pole 
double-throw switch. The information to be switched 
branches into two cores, each inhibited by one of the 
two flip-flop outputs. Part (b) demonstrates how a flip-
flop, used in conjunction with an exclusive OR, will gate 

out a train of information when reset, and complement 
this information when set. If, in the latter circuit [ 12(b)], 
the output of the core (P) is used as the input to set the 
flip-flop (F), the information which emerges will be the 
so-called 10's complement (1+1). (Here one is added 
arithmetically to the least significant digit.) It is easy to 

see that the number starts to go through as a straight 
number until the first ONE comes along. This ONE will 
pass as a ONE. The remaining parts of the number will 
come out in complement form. 

INFORMATION 

TO BE GATED 

CLOSE GATE I 
OPEN GATE 2 

CLOSE GATE 2 

OPEN GATE I 

RESET 

SET 

A 

Fig. 12—Gating. 

WORD 

CONTROL 
DATA 

WORD 

CONTROL 
DATA 

ILO 

A WHEN F ISRESET 

T•h WHEN F 155E1' 

WORD 

EXTRACTED 
DIGIT 

WORD 

EXTRACTED 
DIGIT 

Fig. 13—Extracting and storing. 

Another common computer and control function is 
that of extracting predetermined digits from a train of 
information. This may be accomplished by the conven-
tional method of applying timing pulses as control data 
in coincidence with the digits to be extracted. An illus-
tration of a circuit to extract a digit and also to store it 
for possible later use is shown in Fig. 13(a), along with a 
flip-flop, F, used to store the extracted digit. The ONE-
Generator usually blocks the way in setting up flip-flop 
F (circuit a) except when a control data pulse appears 
and cuts off the ONE-Generator. F must be reset before 
each successive extraction. A similar circuit in which the 
flip-flop does not require an external reset is presented 

in Fig. 13(b). 



296 PROCEEDINGS OF THE IRE March 

COMPLEX LOGICAL STRUCTURES 

A few illustrations of the use of the basic circuits, cov-
ered in the previous section, to build a complex logical 
structure will now be given. The extract circuit just de-
scribed may be used to pass on information from a fast 
shift register to another slower one in arbitrary order 
(see Fig. 14). Two shift pulse sources, X and Y, are used 
such that Y is a subset of X. Every time a Y-pulse ap-
pears, a digit is transferred from the fast register to the 
slow register. Let N be the number of stages in the high-
speed register, then a word circulating in the high-speed 
register will be transferred to the low-speed register in 
its normal order if there is one Y-pulse for every [N+1[ 
X-pulses, and it will be transferred in the reverse order 
if one Y-pulse occurs for every [N-1] X-pulses. 

HIGH SPEED REGISTER 

LOW SPEED REGISTER 

NOTES. I. THE LETTER y OR y BESIDE EACH CORE INDICATES 
THE SHIFT PULSE FROM WHICH IT IS DRIVEN. 

2. THE PULSES FROM SOURCE AREA SUBSET OF 
THOSE FROM SOURCE ' et-

Fig. 14—Information transfer in arbitrary order from 
higher-to-lower-speed register. 

DIFFERENCE 

SUBTRA 
HERD 

Fig. 15—Two-input subtracter. 

It was explained before how a half-subtracter may be 
synthesized from three cores [see exclusive OR in Fig. 
9(b) ]. A two-input subtracter constructed from two 
half-subtracters is given in Fig. 15. Two additional cores 
are used to delay the partial borrow which appears one 
pulse time earlier than the partial difference, but in use 
should actually be one pulse time later, so as to act on 
the succeeding digit of the partial difference. A second-
ary borrow is fed back in the second half-subtracter and 
re-enters it one pulse time later, just as if it were a par-
tial borrow. It can be shown that a partial and sec-
ondary borrow can never occur together. Thus, a two-
input subtracter is obtained with eight cores and four 
pulse times of delay. 

Similarly, a two-input adder may be constructed from 
two half-adders, as shown in Fig. 16. The first half-adder 
is of the type described earlier (see Fig. 10); the second is 

different and uses the AND gate of Fig. 8(b). The par-
tial carry is delayed one place by an additional core and 
then applied to the AND gate, which generates sec-
ondary carries. If a secondary carry does result, it is fed 
back and acts exactly like a partial carry, one pulse time 
later. It would not be possible here to use the AND gate 
of Fig. 8(a), because a secondary carry will act two pulse 
periods later, which is too late for proper operation. 
Again it can be shown that a partial and secondary 
carry can never occur together. It should be noted that 
a two-input adder gives the same delay (four pulse 
times) as a two-input subtracter, but requires more 
cores. 

AUGER() 

ADDEND 

COUNT 

COUNT 

Fig. 16—Two-input adder. 

(o) ADDING COUNTER 

(S) SUBTRACTING COUNTERS 

Fig. 17—Binary counters. 

SUM 

If it is desired to add or subtract just one digit from a 
number, the adder or subtracter discussed above may be 
simplified to the extent of removing the first half-adder 
or half-subtracter. Such an adder or subtracter may be 
used in conjunction with an N-core loop to form a count-
er of capacity 2", as shown in Fig. 17. The counter in 
part (a) uses the simplified adder. The register loop 
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stores the count, and is initially cleared to zero. When 
a count pulse appears, the loop is cycled completely and 
one is added to its contents. The counter in part (b) 
uses the simplified subtracter in a similar manner, ex-
cept that all the cores in the ring are cleared to ONE, 
and each count pulse is subtracted from the contents of 
the loop, which now stores the complement of the true 
count. If necessary, the true count may be made avail-
able by the addition of a complementing circuit (two 

cores). In both of these counters the number in the loop 
must be recirculated to its initial position each time be-
fore a count can be admitted. Consequently, they are N 
times as slow as the core circuitry from which they are 
built. They are also limited in that they are unable to 
receive random counts. A more straightforward binary 
counter, which accepts random counts, has been devised 
using the same technique and will be described else-

where. 

OUT 

3 PRODUCT 

4 

NOTES 

IN 

MULTIPICAND 

I. LETTERS AND y DESIGNATE THE SHIFT PULSE SOURCE 
APPLIED TO EACH GORE 

2. THE PULSES ARE A SUBSET OF THE V PULSES SUCH THAT 
EACH Y  PULSE IS THE FIRST OF A STRING OF N " 4" PULSES 

1. MAXIMUM WORD LENGTH FOR 71418 MULTIPLIER IS C14-1) DIGITS 

Fig. 18—Multiplier. 

The full two-input adder (see Fig. 16) may be applied 
to build a multiplier as shown in Fig. 18. Multiplication 
is accomplished by the standard method of successive 
addition of the multiplicand to the partial product un-
der the control of the multiplier. Two shift pulse sources 
are used, X and Y. The Y-pulses are a subset of the X-
pulses such that every Y-pulse is the first of a group of 
N X-pulses. The multiplicand circulates in an N-stage 
loop and the partial product in an N-1 stage loop, in-
cluding the delay in the adder. Thus, the partial product 

is advanced one pulse time after every addition. When 
the Y-pulse is applied to the ONE-Generator and the 
multiplier register, a digit is extracted from the multi-
plier and its complement is stored in flip-flop F by the 
next X-pulse. If the multiplier digit was a ONE, flip-
flop F gates the multiplicand into the adder. If the digit 
was a ZERO, core F blocks the multiplicand so that it is 

not added to the partial product. At the beginning of 
each cycle, the least significant digit of the product, 
which has advanced "off-register" during the previous 
cycle, is eliminated and flip-flop F reset by the output 
of the ONE-Generator. The multiplier is capable of han-
dling numbers up to N-1 digits long. The multiplicand 
can be fed into the loop at any point and the product 
can be taken out of the product loop at any point. The 
points arbitrarily chosen in the figure are such that the 
Y-pulse will coincide with the entering of the least sig-
nificant digit. 

IN 

- - -ow) CORE - --
LOOP 

DIVIDEND OR REMAINDER 

DIVISOR 

N-CORE 
LOOP 

QUOTIENT 
OUT 

r--

L - 
START END 

READ-OUT READ-OUT 

NOTES , 
I THE LETTER Y INDICATES DRIVE FROM A 
SEPARATE SHIFT SOURCE, THE Y PULSE 
IS COINCIDENT WITH THE FIRST OF A SET 
OF N PUISES FROM THE MAIN SOURCE. 

2. MAXIMUM LENGTH OF OPERANDS IS(N-7) 
DIGITS. 

Fig. 19—Divider. 

Similarly, the two-input subtracter (see Fig. 15) may 
be used to build a divider as depicted in Fig. 19. The di-
vision is accomplished by a process of successive sub-
traction of the divisor or its complement from the par-
tial remainder, depending on the presence or absence of 
an over-all borrow. The complements of the over-all 
borrows form the quotient digits. The divisor, the divi-
dend or partial remainder, and the quotient circulate, 
each in its own loop of such length that the quotient and 
the remainder are delayed one period with respect to the 
divisor after each subtraction. As in the multiplier, two 
shift pulse sources are used, X and Y, such that every 
Y-pulse is the first of a set of N X-pulses. Since the quo-
tient digits are formed in order, starting with the most 
significant, the quotient is available in the proper form 
at the end of the division because of the one period of 
delay in the quotient loop. 
The ONE-Generator is the only core shifted by Y-

pulses. These pulses occur at the proper time for the 
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purpose of sensing and extracting the over-all borrows. 
The extracted value of the over-all borrow is stored in 
flip-flop F [Fig. 12(b) [. This flip-flop, together with gate 
cores G1 and G2, form the gating structure shown in 
Fig. 12(b), the function of which is to let either the divi-
sor or its complement pass to the subtracter. The comple-
ments of the over-all borrow are fed to the quotient loop. 
The output of the ONE-Generator also insures that 

after every subtraction the new lowest significance digit 
will be a zero by inhibiting it at core G3. Because it takes 
four pulse times to go through the subtracter and find 
out whether a final borrow will result, and it takes three 
more pulse times to set up gates G1 and G2, the maxi-
mum length of operands that can be handled is N-7 
digits. However, the quotient may be obtained to any 
desired precision, provided the quotient loop is emptied 
whenever it has accumulated N-2 digits. The double 
flip-flop FF is used to gate out the contents of the quo-
tient loop. As in multiplication, the points chosen to feed 
the divisor and the dividend into their loops are such 
that the least significant digits enter their loops coin-
cidentally with the first Y shift pulse. Instead of using 
a ONE-Generator shifted by a special source, Y, it is 
possible to use a pattern generator similar to the one 
shown in Fig. 6(a). This will deliver a single ONE, fol-
lowed by (N-1) ZER0s. 

CONCLUSIONS 

All the basic circuits have been studied in some detail 
and many others have been built and tested at frequen-
cies not exceeding 300 kc. This frequency is not in any 
sense an upper limit, but merely represents what has 
been done to date. Experimental results seem to indicate 
that the new logical technique is sound and highly prac-
tical. Work is in progress to apply the technique to a 
whole system in order to evaluate it more closely. The 
circuits presented in this paper are by no means the best, 
the most economical, or the only possible ones for solv-
ing these particular problems. The circuits shown serve 
only to illustrate the technique and show its possibili-
ties, which are wide. 

In conclusion, some of the advantages and limitations 
of the new all-core logical technique will be mentioned. 
The advantages are: 

1. The magnetic core has an exceptionally long life. 
2. No tubes are required for amplification and re-

shaping. 

3. The power level may be made quite low in an all-
core system. 

4. A high order of reliability is attained because only 
a few tubes are needed to power the system with 
shift pulses. 

5. In some applications this type of circuitry shows 
greater flexibility than existing methods. 

6. The core circuits operate at very low impedance 
level, hence they are comparatively free from pick-
up and cross-talk. 

7. The problem of timing stability does not exist. In 
fact, the rate of the clock pulses may vary at ran-
dom. The only condition is that they do not exceed 
the maximum rate permitted for a given design. 

The limitations are: 
1. The maximum frequency of reliable core circuitry 

is, at present, limited to under one megacycle. 
2. This technique, being sequential in nature, is not 

very suitable for parallel operation. 
3. In some applications, particularly where a host of 

inputs are to be gated or buffered, the new logical 
scheme is not as flexible as some existing methods. 

NOTE 

The Boolean algebra and its symbolic notation also 
apply to core logic with one condition, however, that the 
coincidence in time be respected. The best way is to 
assign a symbol for each shift pulse (T1, T2, T3 etc.) and 
use these symbols together with others to form a logical 
equation. Referring to Fig. 4(b) for example, 

T2•C = ( T1' A) • ( Ti•T3) = T • A • T3 

TaC = T2* A • Te. 

In this way, mistakes are avoided in analyzing a more 
complex structure. 
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Pin-Hole Camera Investigation of Electron Beams* 
C. C. CUTLERt FELLOW, IRE AND J. A. SALOOMt, ASSOCIATE, IRE 

Summary—Electron beams produced by low- and moderate-

perveance Pierce-type electron guns have been investigated by 
means of a pin-hole aperture. Data are presented showing the cur-
rent density distribution and transverse velocity distribution of elec-

trons at various points in the beam. The thermal velocity distribution 
is Maxwellian, with a width corresponding to the cathode tempera-

ture modified by the geometry of the flow. The transverse velocity 
distribution also reveals aberrations in the electron gun which has 
led to improved gun designs and a large improvement in the focusing 
of electron beams. The theoretical background for this work is given 

in a companion paper.' 

INTRODUCTION 

I
X SPITE OF the great progress in electron-beam 
type amplifiers (klystrons, traveling-wave tubes, 
etc.) in recent years, there is still much to be desired 

in the quality of high-density electron beams. 
Most beam tubes now use a Pierce-type' of electron 

gun, which uses shaped electrodes to obtain a field dis-
tribution outside of the accelerated electron beam 
which matches the desired fields at the beam boundary. 
Several experimenters' have made measurements on the 
electron beam emerging from such guns and have de-

termined that in a broad sense the gun is performing as 
planned. However, the fact that the focusing of elec-
tron beams requires much more .than the design value 
of magnetic field, and gives less than expected transmis-
sion, leads one to suspect that all is not perfect in elec-
tron guns. 
The possible defects in electron focusing and flow can 

be roughly divided into two categories. We will call 
them geometric and non-geometric causes. Pierce" has 
shown that for any given geometry- and space-charge-
limited cathode emission, the electron trajectories are 

independent of voltage, provided the magnetic field is 
varied in accordance with 13,--,N/V. Thus we can differ-
entiate between the two categories of defect. If the flow 
is controlled principally by the geometry (electrode 
configuration and applied fields, including space-charge 
effects), the beam trajectory will be independent of ap-
plied voltage (with appropriate scaling of the magnetic 
focusing field). Conversely, if we vary the applied po-
tentials and magnetic fields in accordance with the 
above relation and get a large variation in transmission, 
we can be sure that there are important defects other 
than geometrical; such as thermal velocities, contact 

* Original manuscript received by the IRE, October 25, 1954; 
revised manuscript received, December 2, 1954. 

Bell Telephone Laboratories, Murray Hill, N. J. 
C. C. Cutler and M. E. Hines, "Thermal velocity in electron 

guns," PROC. p. 307; in this issue. 
2 J. R. Pierce, " Rectilinear flow in electron beams," Jour. Ape 

Phys., vol. 11, pp. 548-554; August, 1940. 
3 L. M. Field, K Spangenberg, and R. Helm, "Cathode design 

procedures for electron beam tubes," Elec. Commun., vol. 24, pp. 101-
107; March, 1947. 

4 J. R. Pierce, "Theory and Design of Electron Beams," D. Van 
Nostrand Co., pp. 17, 19; 1949. 

potentials, parasitic magnetic fields, or electron inter-
action or oscillations. 

Experience shows a large change of electron flow as 
a function of voltage," which means that there are cer-
tainly strong non-geometric defects in the focusing. The 
focusing at very high voltages is usually poor enough 
to lead one to believe that there also may be geometric 
defects to the flow. 

Klemperer" made measurements of the flow through a 
slit in front of a rectangular cathode which revealed a 
spread due to thermal velocities and some anomalous 
effects which he attributed to electron oscillations. His 
observations reveal a powerful method of approach, but 
are inconclusive as far as our stated problem is con-
cerned, because of the different geometry, and the fact 
that he did not account for the effect of beam spreading 
on the thermal-velocity distribution. 

BEAM ANALYSIS BY PIN-HOLE CAMERAS 

In order to obtain a better picture of the initial flow 
conditions, several tubes were made which used a con-
ventional electron gun followed by a pin-hole aperture 
and a current detector ( Fig. 1, following page). In some 
cases the measurements were made using a sealed-off 
tube [Fig. 1 (a)] and a fluorescent screen to indicate cur-
rent density and direction.' Alternatively a demounta-
ble, continuously-pumped structure as shown in Fig. 1 ( b) 
was used, and the current passing through the aperture 
was measured with a second movable aperture and a 
final collector. In either case we will refer to the plane 
of the current detection as the screen, and the current 
distribution at this plane as the image. By moving the 
first aperture through the beam one can measure the 
current density variation over the cross section. By also 
studying the image of the cathode in the detecting 
plane, one can determine a great deal about the initial 
transverse velocity distribution, and the flow geometry 
in the gun. 

Ideally the flow in the gun would be laminar, and 
only the laminae passing through the aperture would 
reach the screen. This would excite a spot on the screen 
comparable to the size of the aperture with electrons 
from a similar size spot on the cathode. However, the 
existence of an initial thermal-velocity distribution per-
mits electrons from a larger area to reach the aperture 
and create an inverted image of that area of the cathode 
on the fluorescent screen. The illumination of any point 

6 Electron flow meaning actual beam trajectory, which may or 
may not be indicated by beam transmission in a given tube. 

6 O. Klemperer, " Influence of space charge on thermionic emission 
velocity," Proc. Royal Soc. Lon., vol. 190, pp. 376-393; August, 1947. 

7 Under the very low current densities at the screen, this light out-
put is proportional to current. 
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(b) DEMOUNTABLE TUBE 

in the image is proportional to the number of electrons 
leaving a corresponding point on the cathode and having 
the direction necessary to reach the aperture. If there is 
a sufficiently wide range of transverse velocities, the 
whole cathode may be seen and the edge clearly defined. 

Since the aperture as a lens has no definite focal 
length, the image might be taken to represent the 
character of the beam at any transverse plane between 
the cathode and the aperture plate. We can use the gun-
design parameters and space-charge equations to com-
pute the image magnification between any beam cross 
section and the screen' and if the flow at all resembles 
the ideal, we can interpret the image in terms of the 
conditions within the gun. 

BEAM FORMING 
ELECTRODE 

CATHODE / LAMINA 0 001 . 

ANODE APERTURE 
/ PLATE 

SHIELD 
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71-1. 
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ELECTRON TRAJECTORIES 
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CURRENT 
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APERTURE APERTURE 
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1 

Fig. 1—Pin-hole camera tube. Case (a) uses a .001-inch diameter 
aperture and a fluorescent screen. Case (b) uses two .010-inch 
diameter aperture plates and a Faraday cage. By moving the 
aperture across the beam the density and lateral velocity dis-
tribution of electrons can be measured. 

At the cathode the electrons might be expected to 
be distributed in velocity transverse to the direction of 
acceleration, according to the Maxwellian distribution. 

dJ, = constant • e—""412kTdvc. (1) 

It is shown in the companion paper that the velocity 
spread should increase in proportion to the increase in 
proportion to the decrease in beam radius as the beam 
converges. Using this and the geometry of the tube, we 
have at the plane of the image 

dJ, = constant • e— (e I kr)V°M2(rilgi)2dri; (2) 

where Vo = beam voltage (constant beyond gun anode), 
M= ratio of the beam radius at the aperture to the cath-
ode radius. Other terms are defined at the end of the 

paper. This relation should apply fairly well out to the 
edge of the image (determined by the cathode edges). 
Thus we should get a Gaussian distribution of il-

lumination out to the edge of the image, and the width 
of the distribution curve should correspond to the effec-
tive temperature of emission modified by the beam-
convergence factor M. 
The transverse velocity distribution in the beam may 

be modified by nonuniform emission density and aber-
rations in the flow. However, by moving the aperture 
through the beam we can sample different parts of the 
beam cross section and determine the current from any 
point on the cathode to any point in the aperture plane. 
From this we can deduce the transverse velocity dis-
tribution at any chosen point on the cathode. If the 
distribution is Gaussian, we even can dare to use it as 
an indication of effective temperature of the emitted 
electrons. From observations of this kind we can get a 
measure of how closely the electron flow approximates 
the design intentions and perhaps get a clue as to what 
degrades the electron flow. 

Using a pin-hole camera tube, then, we would expect 
to see an inverted image of the cathode with a Gaussian 
shape of illumination or current density, perhaps de-
formed by nonuniformities in cathode emission or aber-
rations in the focussing. When the pin-hole aperture is 
moved across the beam, the bright region should move 
a proportional amount in the image and maintain the 
Gaussian distribution of illumination. By measuring the 
characteristics and position of the image, we should be 
able to determine the following: 

1. Beam size at the aperture. 
a. Density distribution over beam cross section. 
b. Beam convergence factor M. 

2. Beam spreading at the aperture. 
a. Mean divergence from all causes. 
b. Laminar divergence (of most nearly laminar 

components). 
c. Divergence due to thermal velocities (effective 

beam temperature). 
3. Transverse velocity distribution for electrons from 

any point in the cathode (translatable to effective 
emission temperature). 

4. Beam density contribution of any point in the 
cathode to any point in the beam cross section at 
the aperture. 

Departures from the predicted values should give a good 
measure of the gun's shortcomings. 

EXPERIMENTAL OBSERVATIONS 

Several convergent Pierce-type guns have been 
placed in the pin-hole camera structures described and 
the detailed focusing characteristics of the guns meas-
ured. In this paper two guns (Table I, page 301) will be 
used to illustrate the focusing characteristics observed. 

Using the low perveance gun (No. 1), a series of 
photographs of the image on a fluorescent screen were 
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TABLE I 

Gun No. 1 Gun No. 2 
(Low perveance) (medium perveance) 

V =1,000 volts 
/ = 3.0 ma 
rc = .050 inch 
r,,,1„= . 025 inch 
0 =4 degrees 5 minutes 

V = 1,000 volts 
/ = 14.5 ma 
rc = . 288 inch 
rmin = . 075 inch 
0 =13 degrees 

taken for different positions of the pinhole aperture, to-
gether with measurements of image deflection and total 
image current. As the pinhole is moved, the image itself 
moves, due to the diverging character of the initial 
beam flow at the aperture plane, and at the same time 
current passing through the pinhole changes due to the 
non-uniformity of current density in the beam. The 
current density and beam spreading are plotted as a 
function of aperture position in Fig. 2. The interpreta-
tion of the beam spreading data is a little involved. 
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Fig. 2—Observation of current density and divergence in the beam 
of gun No. 1 (Table I). The points and solid lines give the meas-
ured data, the dashed lines are calculated for the design ideal. 

If thermal velocities and other aberrations were negligi-
bly small, the only point. illuminated would be by 
laminar electrons and its position would be a good 
measure of the beam spreading. In presence of the 
other influences the laminar electrons are not so easily 
identified and we must trace them by other means. 
This can be done if the beam diameter is reasonably 
well defined at the aperture. A laminar electron will go 
from the aperture at r, cf) to a point (r/r„,„.)R.,„ cf) in 
the image, where r is the radial position of the aperture 
and R. the image radius. Ideally this electron would 
come from a corresponding position (r/r,...)rc in the 
cathode. To plot our data rm  was taken as the beam 
design radius at the aperture plane. The path so de-
scribed is only known to be laminar at the plane of the 

aperture and does not necessarily follow a laminar path 
through the electron gun. Ideally a laminar electron 
would arrive at the peak of a gaussian image distribu-
tion. Curve b gives the calculated angle of flow for the 
gun and beam used, taking account of gun charac-
teristics and space charge, while the triangular points 
show the measured spreading of the laminar electrons 
at the aperture plane which checks the predicted flow 
very well. The other curve of beam spreading is the 
angle of the mean direction of current flow through 
the aperture as a function of aperture position and 
is the deflection of the "center of gravity" of the image 
illumination. This is a better measure of the actual 
flow and in this case is much greater than the predicted 
value. The difference between curves a and b is the 
excessive spreading at the measured cross section and, 
by measurement of the image, can be separated into 
the effect of thermal velocities and aberrations. In the 
present case both are serious, as we shall see. 
A curve of current density vs r2 was integrated to ob-

tain the increase in density over that at the cathode, and 
this used as a measure of the effective beam magnifica-
tion. This is very close to the design value (M= .59). 
Obviously, however, the density is far from uniform 
over the cross section, and the beam diameter is not 
sharply defined. Projecting the observed flow back-
wards we see that the mean convergence within the gun 
must be greater than the design value. 
The image magnification for this tube (i.e., the ratio 

of the spot diameter to the cathode diameter) is almost 
exactly that calculated from the ideal case. The image 
of the cathode is strongly illuminated completely to the 
edge, however, and therefore is limited by the cathode 
size rather than by transverse velocities, as can be seen 
in Fig. 3(c). When the aperture is moved, the illumina-
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Fig. 3—Fluorescent screen images obtained from gun No. 1 in a pin-
hole camera tube. The curves give the measured illumination of 
the corresponding image. Compare this with Fig. 7. 



302 PROCEEDINGS OF THE IRE March 

tion varies quite differently from that expected (see 
previous section). The edge of the image toward which 
the aperture is moved remains bright, whereas with 
proper flow it should become more dim. Also a bright 
region moves from the center toward the opposite edge 
of the image in roughly the proportion that the aperture 
is moved through the beam. When the aperture is out-
side of the nominal beam diameter, there is no evidence 
of the latter bright region, but the cathode edge (the 
wrong one) is still clearly defined. It is clear that the 
spread in transverse velocities is much greater than the 
Maxwellian distribution of ( 1). 

If we assume the screen luminescence to be propor-
tional to the current density of the impinging beam, we 
can get a quantitative measure of the current distribu-
tion in the images. Several photographs of the cathode 
image were taken with different exposures and were 
used to calibrate film density vs exposure. Densitometer 
measurements of the films give the light intensity dis-
tribution over the image as indicated in Fig. 3(c). 

1.1 

LO 

0.9 

0.8 

2 0.7 
o 

z 0.6 

0.5 

13 0.4 

0.3 

0.2 

0.1 

o 
LEFT -0.04 

IDEAL CHARACTERISTICS,_ 
WITH THERMAL EFFECTS `, 

e'".. 

\ 
e ,, 

\ 

....1 
, / 

/to 

% 
% 
t 
& / 

1 
% t 

i 
0 
I 
0 

, t 

\ I 
• 

1 
‘‘, 

,, 
/ t 

t 
1 
1 

\ 1, 1 

o 
o 

. . 

o TO LEFT SIDE OF IMAGE 

O TO IMAGE CENTER 

o TO RIGHT SIDE OF IMAGE 

o 

-0.02 0 0.02 

DISTANCE FROM APERTURE TO BEAM 
CENTER IN INCHES 

0.04 FUGHT 

Fig. 4—Current density at given points in the image as a function of 
aperture position. An ideal gun, allowing for thermal effects, 
should give the dashed curves. The measured curves reveal excess 
beam convergence. 

We can study the transverse velocitysdistribution in 
two ways. One is to measure the distribution of image 
illumination as in Fig. 3(c), and the other is to measure 
the illumination of a point in the image as a function of 
aperture position. Fig. 4 shows the current density at 
three points in the image as a function of aperture posi-
tion. The current at one side of the image comes from 
the opposite side of the cathode, indicating a severe 
crossover in the electron flow. 

It is helpful to plot current density vs transverse 
electron velocity at the aperture, for electrons from a 
fixed part of the cathode. We use as a zero velocity 
reference the position in the image corresponding to the 

point which would be illuminated if we had the design 
conditions for ideal laminar flow. This point moves 
across the image in proportion to the motion of the 
aperture through the beam, while the current to the 
reference point in the image varies. Plotting the log of 
this current vs transverse velocity squared, thermal 
velocities would give a straight line, as in ( 2). 

e 
Log J, = const EkT— (3) 

z,' 

shown as a dashed curve in Fig. 5. The points taken for 
the center of the image correspond closely to the 
theoretical curve, indicating that the transverse velocity 
distribution (or electron temperature) is near the cal-
culated value. 

10 

4 

0 IMAGE 
- DISTRIBUTION 

DENSITY 
- 

- 

- 
-0 

0 

THEORETICAL SLOPE 

-...1L= CONST e-[ --H1 2 ] evo m  
KTc z i. 

N._ 
_ 

\ 
\ 

MEASURED TRANSVERSE 
-VELOCITY DISTRIBUTION FROM 
POINTS AT CENTER OF IMAGE 
(MEASURED IN TWO DIRECTIONS) 

° 
...- 0 

\ 

02 04 OS 
RELATIVE ENERGY IN TRANSVERSE FLOW 

y 

Fig. 5—Transverse velocity distribution. In Curve 1 is plotted the 
current arriving at the center of the image as a function of the 
aperture position (measured by laminar electron displacement in 
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Curve 2 reveals strong aberrations in the gun. 
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If we plot the curve of Fig. 3(c) on these coordinates, 
we get quite a different curve (curve 2 of Fig. 5) instead 
of the straight line velocity distribution, showing the 
serious effect of the gun aberrations. 
The measurements described apply strictly only to 

the condition of the beam at the aperture. Of course the 
important question is: What does all this mean regard-
ing the focusing conditions within the gun? Since the 
general flow conditions and image magnification are 
close to the calculated values, we feel reasonably safe 
in projecting electron paths backward through the pin-
hole to determine corresponding conditions at the 
cathode; and thus, we can be rather certain of the 
source of any particular nonuniformity. For instance, 
the bright edge (or ring) in the images of Fig. 3, if pro-
jected back to the anode aperture is still well within the 
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maximum beam radius. Therefore, it is not likely that 
it is caused by aberrations in this region. If we assume 
that the transverse velocity compared to any given 
lamina of the design ideal is constant, it projects almost 
exactly to the cathode edge. For this reason, we believe 
that the observed image does give a picture of condi-
tions near the cathode. Thus Fig. 5, taking into account 
the convergence factor M, indicates a normal thermal 
velocity distribution at the cathode center and an ex-
cess velocity directed toward the beam axis of up to 0.6 
volt near the edge of the cathode. 
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Fig. 6—Various beam- forming electrode designs providing for 
thermal and electrical insulation of the cathode. (a) Cathode is 
retracted from design position. (b) Beam-forming electrode is 
shaved off to clear the cathode. (c) A negative electrode is used to 
bring the cathode potential equipotential to the proper position. 

In this gun the cathode was retracted from its design 
position by .002 inch to provide the necessary heat insu-
lation from the beam-forming electrode [Fig. 6(a)]. 
Since voltage in the gun varies approximately as 

v5 

V =  (z) 413 = 4.8-103z413, 
(z.)4/3 

at 1,000 volts anode potential, the displacement of the 
beam forming electrode is equivalent to an error of 
about 1.2 volts. Thus it seems probable that the excess 
transverse velocities are caused by a mismatch of the 
boundary conditions at the cathode edge. This hy-
pothesis is further verified by biasing the beam-forming 
electrode. A negative bias increases the edge intensity 
described and a positive bias reduces it, but does not 
correct it, for a sharp hair line remains, presumably 
caused by reflection of electrons from the edge of the 
beam-forming electrode. 
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Fig. 7—Photographs of images from a gun having the same electrical 
design as gun No. 1, but using the negative beam-forming elec-
trode design of Fig. 6(c). These pictures reveal no significant 
departure from the ideal. 

IMPROVED ELECTRON GUN DESIGN 

There are several ways one can approximate the 
cathode boundary conditions required in a Pierce-type 
electron gun. Ideally there should be a cathode potential 
surface extending away from the cathode edge making 
an angle of 67 degrees with the outside of the beam. In 
practice it is desirable to insulate this surface thermally 
and electrically from the cathode, and this is commonly 
done by retracting the hot cathode from a cathode 
potential electrode as shown in Fig. 6(a). An alterna-
tive is to remove part of the electrode as in Fig. 6(b), 
limiting the emitting material to a smaller diameter 
than the hole in the electrode. Another way is to use a 
specially shaped cathode and a negatively biased elec-

trode as in Fig. 6(c). 
In order to minimize the mismatch in the boundary 

conditions at the cathode edge, the electron gun of the 
previous measurements was redesigned, using a nega-
tive beam-forming electrode as indicated in Fig. 6(c). 
The boundary conditions at the edge of the cathode are 
met by using a 122.5-degree swept-back edge and an 
electrode shaped and biased to bring a 67.5 degree 
cathode equipotential to the cathode edge. 

Fig. 7 shows a series of photographs of the image ob-
tained from a pin-hole camera using this gun. It is evi-
dent that the flow is much closer to the ideal. This 
tube, however, gave about 20 per cent greater than the 
design current at the normal operating potential ( 1,000 
volts). At first it was believed that contributions from 
the conical sides of the cathode might be responsible 
for this, but several tubes made with attempts to mini-
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mize emission from this region also gave high per-
veance. It seems probable that the extra current is 
caused by the reduction of the space charge density 
within the gun due to thermal-velocity spreading of the 
beam, and that this is a natural consequence of thermal 
velocities. In the previous gun this effect was more than 
compensated for by the extra beam convergence de-
scribed. This explanation is enforced by the fact that 
the current does not follow the 3/2 power law of voltage 
but gives higher than predicted current at low voltages, 
approaching the design perveance at high voltages. 
The arrangement indicated in Fig. 6(b) offers another 

solution. In this case the ideal boundary condition may 
not be met, but it is structurally more desirable than 
Fig. 6(c) and gave substantially the same performance, 
the thermal-velocity effects entirely masking any geo-
metrical disturbance. 

This design was used for gun No. 2 (Table I) and gave 
the beam cross section and transverse velocity distribu-
tion of Fig. 8. The transverse velocity distribution is 
Maxwellian, and increased in width over the distribu-
tion at the cathode. The magnitude of this increase 
corresponds to within 10 per cent of the theoretically 
predicted increase, provided the beam magnification is 
obtained from measured current density distribution. 
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It is to be expected that, besides determining the 
transverse velocity distribution, thermal effects would 
cause a widening of the beam and reduce the definition 
of the beam edge. A first order calculation of this is 
made in the companion paper,' giving for gun No. 2 the 
curve of Fig. 9. It is apparent that the beam diameter 

0.24 

is significantly larger than the design value. This is be-
lieved to be due to the approximate nature of the rela-
tionship used in accounting for the divergence of the 
exit-aperture lens. When the actual mean beam diam-
eter is used, the thermal-velocity spreading calculated 
is very close to the measured value. 
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Fig. 9—Comparison of beam spread with calculated values for gun 
No. 2. The beam diameter is much greater than the design value, 
presumably due to the approximation involved in evaluating the 
exit lens. For the resulting beam size and density the thermal 
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OTHER GUN DEFECTS 

In studying these guns several other defects were ob-
served. The most common and obvious one is that of 
nonuniformity of cathode emission. This may be caused 
by poor cathode-coating adherence, granularity of the 
cathode surface, or deactivation of certain areas of the 

cathode by positive-ion bombardment. Tubes suffering 
from these troubles were photographed and the images 
are shown in Fig. 10 on the following page. 
The non-emitting center area of Fig. 10(b) is usually 

seen as a tube approaches the end of its life and coin-
cides with the development of a hole in the cathode 
through the coating and even into the base metal itself. 
The development of this spot very early in the life of 
the tube can be observed by cooling the cathode until 
the emission starts to be temperature-limited. To get a 
stable measurement of the effect of such a spot on 
focusing, the coating was deliberately removed from 
the center 7 per cent of the cathode area of gun No. 2, 
and the resulting beam measured. It is evident from 
Fig. 11 that an excess of inward velocity is developed, 
resulting in large cross over of electrons which must 
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d 

Fig. 10—Photographs of the images from several pin-hole camera 
tubes showing types of nonuniform emission. (a) Poor coating 
adherence. (b) Cathode with spot produced by back bombard-
ment of positive ions. The ring is due to improper beam-forming 
electrode position. (c) Granularity of emitting surface (obtained 
by cooling the cathode of Fig. 7). (d) Image of cathode of Fig. 3 
after 4,000 hours. 
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Fig. 12—Current-density distribution from gun No. 2 at various gas 
pressures, showing the effect of space-charge neutralization by 
positive ions. 

cause a degradation of focusing. The most obvious effect 
near the anode aperture is one of a peaking of the cur-
rent due to the greater convergence. Note, however, 
that the current outside of a certain diameter actually is 
increased. As a result of this, the anode interception 
actually increased from 2 per cent to 14 per cent with 
the introduction of the inactive area. 

EFFECT OF PRESSURE 

The design of the Pierce electron gun also assumes 
a complete absence of positive ions in the beam. How-
ever, at pressures often considered good (10—r — 10-8 
mm Hg) sufficient ions are created to alter the space-
charge conditions within the beam. To get a measure of 
the focusing properties of the gun in the absence of ionic 
effects, a special pulse technique was employed. The 
gun was pulsed with a 700-microsecond pulse at a 
60-cycle repetition rate, and current measurements 
were made within the first 2-5 µsec of the pulse. Com-
paring these measurements with the currents at the 
end of the pulse, or with the dc observations, a clear 
measure of the effect of positive ions is obtained. Al-
ternatively it was found that ion effects could be re-
moved by applying a slight longitudinal voltage 
gradient beyond the anode of the gun to prevent the 
accumulation of ions in this region. 

Fig. 12 shows the current density distribution ob-
tained at various pressures and also the current density 
distribution obtained in the absence of appreciable 
ionic effects. When the pressure is increased, it is noted 
that the current density distribution becomes peaked in 
the center and that the beam diameter is very slightly 
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reduced. These curves show clearly that the positive 
ions fall into the potential depression in the center of 
the beam and partially neutralize the electronic space 
charge of the beam, resulting in a further convergence 
of the electrons. 

CONçLUSIONS 

The pin-hole electron camera is a powerful tool with 
which to study gun aberrations and emission phe-
nomena. The electron-gun studies described show some 
of the common defects in electron focusing. In particular 
they emphasize the importance of extreme care in 
locating the beam-forming electrode to avoid serious 
aberrations of the electrons emitted near the edge of the 
cathode. They also show that positive-ion bombard-
ment of the cathode in higher perveance guns has 
serious consequences in the electron flow long before it 
seriously degrades the gun perveance. The presence of 
positive ions in the stream causes extra beam con-
vergence and consequently, a greater transverse veloc-
ity distribution. 
The transverse thermal-velocity distribution is a 

more fundamental limitation to the flow. The measure-
ments show that converging the electron beam widens 
the transverse thermal-velocity distribution in a pre-
dictable fashion, simply due to the geometry of flow. It 
is also indicated that especially in low-perveance low-
voltage guns, the thermal velocities widen the beam and 
increase the perveance. Measurements indicate that 
when other defects are eliminated, the diverging effect 
of the ungridded anode aperture is significantly greater 
than predicted by the approximate formula. 
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GLOSSARY OF SYMBOLS 

Current density. 
Radius measured in beam. 
Radius measured in image. 
Transverse velocity of electrons at any point at 

the cathode surface. 
Radial velocity of electrons at r. 
Half-angle of convergence of electron guns. 
Angular direction. 
Electron charge, 1.602 X10-" coulomb. 
Beam convergence factor. 1112 is ratio of current 
density at cathode to that in beam. 
Electron mass, 9.11 X10-" kilogram. 
1.380 X 10-" Joules/degree (Boltzman's con-

stant). 
Temperature, degrees Kelvin. 
Voltage of anode, aperture, drift space and 

screen. 
Voltage equivalent of transverse velocity. 
Total current, amperes. 
Magnetic field, gauss. 
Distance measured from cathode, inches. 
Separation between pinhole and image plane. 
Current density in the z-direction at the cathode. 
Current density in the image plane. 
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Thermal Velocity Effects in Electron Guns* 
C. C. CUTLERt, FELLOW, IRE, AND M . E. HINESt, MEMBER, IRE 

Summary—A method is presented for determining the effect of 

the transverse velocities of electron emission on the flow in ac-
celerated electron streams. Complete expressions are derived giving 
the degree and character of the beam spread in a Pierce-type elec-
tron gun resulting from the transverse velocity distribution, and an 
expression is derived for the image magnification in the pin-hole 
camera beam analyzer described in a companion paper.' The theory 
clearly shows the increase in effective (transverse) beam tempera-
ture caused by beam convergence. 

I. INTRODUCTION 

iNI
ODERN microwave tubes often require elec-
tron beams of small diameter and high current 
density. There are a number of factors which 

tend to limit the focusing in such beams, the most seri-
ous arising from the thermal-velocity distribution of the 
emitted electrons. It is common practice to use electron 
guns which converge the beam from a large cathode in 
order to obtain more current density than is available 
from practical emitters. This further accentuates the 
effect of the thermal velocities which ultimately limit 
the amount of convergence obtainable. 

In this paper, a number of the effects of the thermal 
velocities of emission in a Pierce-type electron gun are 
treated theoretically. First, in Section II, a method is 
developed for determining the departure, caused by an 
initial transverse component of velocity of an electron 
from its ideal laminar path. This method is applied to 

the accelerating region, in an electron gun and in a field-
free drift space under the influence of space charge. 
From this, in Section III, the beam spreading due to 
thermal velocities is determined, and the curves given 
make it easy to apply the results to any particular gun 
and beam dimensions. This concludes with the curves 
of Fig. 6 which show how the current density varies 
across the beam. The character of the variation is given 
in terms of the normal trajectory deviation cr which 
can be determined from the gun design parameters 
with the help of Fig. 5 in specific cases or through (32) 
in more general terms. Fig. 7 in turn gives the per cent 
current transmission within any radius, and Fig. 8 the 
current density contours for a specific case. A solution 
of uniform diameter focusing in a magnetic field for a 
beam dispersed by thermal velocities has been worked 
out by Pierce and Walker.2 The solutions worked out in 
this paper, while similar in shape to the thermal distri-
butions arrived at by these authors, do not constitute a 
solution to their boundary problem, nor is it clear that 

* Original manuscript received by the IRE, October 18, 1954; re-
vised manuscript received December 2, 1954. 
t Bell Telephone Laboratories, Murray Hill, N. J. 
C. C. Cutler and J. A. Saloom, "Pin-hole camera investigation of 

electron beams," PROC. I.R.E., vol. 43, pp. 299-306; March, 1955. 
2 J. R. Pierce and L. R. Walker, " Brillouin Flow with Thermal 

Velocities," Jour. Ape Phys., vol. 24, pp. 1328-1330; October, 1953. 

such a solution exists. The value of their work is in pre-
dicting a limiting minimum perturbation due to thermal 
velocity effects in magnetically focused electron flow. 

This approach was initially worked out in an effort to 
calculate the image magnification of the pin-hole cam-
era, shown in Fig. 1 which is useful in experimental 

study of electron gun aberrations.' The results are read-
ily applicable to this problem as shown in Section IV. 
Eq. (36) gives the image magnification in terms of the 
tube dimensions and gun design parameters, with the 
help of Figs. 2 and 3. 
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Fig. 1—Geometry of Pierce-type converging-electron gun and 
pin-hole camera beam analyzer. 

A consequence of the convergence of an electron beam 
is an increase in the width of the transverse velocity 
distribution, the transverse velocities varying in inverse 
proportion with the beam diameter. A proof of this is 
inherent in the analysis, and it is shown in Section V 
that the apparent increase in velocity spread is simply 
a consequence of the geometry of the electron flow. 

Partial verification of the conclusion is indicated by 
measurements presented in a companion paper.' The 
check appears to be reasonably close provided that an 
additional correction is made to account for the excess 
divergence resulting from the rather large hole in the 
anode apertures' of the guns tested. Throughout the 

paper, MKS units will be used. 

I I. ELECTRON TRAJECTORIES 

We shall be almost exclusively concerned with the 
converging type of Pierce electron gun illustrated in 
Fig. 1, though the development in ( 1) through (8) is 

3 Pierce's design theory accounts for the anode aperture lens 
effect by use of the standard small-aperture formula for the focal 
length. This formula becomes somewhat inaccurate when the diam-
eter of the aperture is an appreciable fraction of the cathode-anode 
spacing. 
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more general. The theory of this gun has been presented 
by Pierce' for the limiting case of negligible initial elec-
tron velocities and small angles of convergence. The 
beam starts with space-charge limited flow from a 
cathode which is a concave section of a sphere. The 
anode electrode at high potential and the beam-forming 
electrode at cathode potential are so shaped that in the 
accelerating region the electric-field pattern within the 
beam matches as closely as possible the fields which 
would exist between complete concentric spherical elec-
trodes with space-charge limited flow through the inter-
electrode space. 

In a practical gun, the anode is apertured for passage 
of the beam. The field pattern in the immediate vicinity 
of the aperture is assumed to act as an ideal thin diverg-
ing lens which causes the beam to be less convergent 
after passing through the aperture. Beyond the anode, 
it is assumed that the only fields acting are those re-
sulting from the space charge of the beam itself. The 
space charge fields produce a radial repulsive force 
which prevents the beam from achieving a point focus. 
Instead, the beam converges to a minimum diameter 
beyond the anode and then diverges again. It is common 
practice in electron tubes to inject the beam into a uni-
form parallel magnetic field at a point near its minimum 
diameter in an attempt to focus the beam in the uni-
form-diameter " Brillouin Flow" condition.' 

In the gun design theory of Pierce, the electron flow 
is assumed to be essentially laminar in character with 
no crossing of paths. We assume this for all electrons 
except the one whose trajectory across normal paths 
we wish to determine. The paraxial-ray assumptions 
made in dealing with the flow are: ( 1) all angles of con-
vergence and divergence of laminar flow lines are small, 
(2) longitudinal electric fields are uniform over a given 
cross section of the beam, (3) all radial fields are pro-
portional to the radius from the axis. As a consequence 
of these assumptions, radial velocities of the laminar 
flow electrons are proportional to the radius from the 
axis, and the axial velocities are uniform over a given 
cross section. 

It is useful to employ a radial coordinate g which 
varies from zero on the beam axis to unity at the beam 
edge. Electrons with zero initial velocity follow paths 
of constant». Let r4 be the variable radius of the edge of 
the beam (ià = 1) and r be the actual radial position of a 
particular electron crossing the surfaces of constant 1.4, 
where r as a function of the axial coordinate z would de-
scribe the path of the wandering electron. We write 

r = µre. 

Differentiating twice gives 

d2µ (P dr. r. = 2 
d12 dt2 dl dl dt2 

(1) 

(2) 

4 J. R. Pierce, "Theory and Design of Electron Beams," 2nd. ed., 
D. Van Nostrand Company, pp. 173-193; 1954. 

5 Ibid., pp. 152-157. 

By the paraxial ray assumption (item 3 above), 

(Pr (Pr. 
= ; 

dt2 dt2 

therefore, 

d2j.i dr4 dg 
r.— = — 2— — • 

dt2 dl dt 

Rearranging terms results in 

d (de) 
dt dr. 

r. 

(3) 

(4) 

(5) 

dl 

A single integration gives 

dia diÀ 
ln — = — In re2 ln re,2 ln , (6) 

dt 

where the subscript 1 indicates the value at any given 
cross-section plane. In general we will later refer to the 
cathode and anode plane s by c and a, respectively. 
Taking antilogarithms gives 

r4,2 

\dt ) 1 r42 

A second integration gives 

1•4 — = 
édIA\ dl 

ry 

re, 

This is the fundamental equation for thermal trajectory 
tracing. The integral on the right involves terms which 
are presumably known for the ideal laminar trajectories. 
It is apparent that if space-charge forces are appreciable, 
the actual trajectories must approximate the ideal in 
order to justify the above derivation. It should be noted 
that all the above equations apply for any geometry for 
which the listed assumptions are valid. 

(7) 

(8) 

Trajectories in the Accelerating Region of a Pierce Gun 

The integral of (8) is to be taken from the cathode 
through the accelerating region of the gun and beyond 
to any point in the beam-spread region desired. That 
portion of the integral for the region of acceleration is 

taken up in this section. For this region the limits of the 
integration are t, and ta, respectively, c referring to 
values at the cathode, and a to values at the anode 
aperture. 

Langmuir's expression for the space charge limited 
current in a complete spherical diode is 

161-E-Vii; 17312 
/ =   • 

a)2 (9) 

where ( — a)2 is a tabulated function° of the ratio of the 

6 Ibid., p. 183. 
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spherical cathode to anode radii, and =e/m of the 
electron. V is the potential difference between the 
cathode and anode, and e is the dielectric constant of 
free space (see Glossary of Symbols). For a conical 
section of a sphere as used in a Pierce gun of half-
angle 0, the beam current /0 is given by 

lo — 

0 
167rW2n P/2 sin' (—) 

2 

9( — 
(10) 

Eqs. (9) and (10) apply for any ratio of radii. If one 
assumes the current to be constant, these equations 
may be used to define the variation of potential with 
distance from the cathode surface in terms of the func-

tion ( —a)2. Thus, 

(_ a ) 413 

V = V.  (_ «.) 4,3 

where a indicates values at the anode. In an increment 
of time dt, an electron will move a distance df at a 
velocity N/2n V, or 

di 
dt = 

-‘,/2nV N/2,71/. (— a) 213 
(12) 

where f. is the radius of curvature of the cathode and 
is the variable distance from the same center. Sub-
stituting into the integral of (8) and referring to the 

cathode (re' = r.), we obtain 

d (—f) 
dl f(— a)213 r,-,a,;c fil  

f t. (1  0 2 72 
(,_)(_a) 213 

r, rc 

(13) 

Substituting f/f, for re/r. (which follows from radial 
flow) and inverting the variable of integration simpli-
fies the expression, yielding 

fga  dl 
tG r A 2 

rc) 

r,,;a 
N/2,717. Ji 

d — 

(_ aria 
(14) 

Fig. 2 shows a plot of the right-hand integral as a 
function of the upper limit. From (8) and ( 14) we can 
determine the trajectory within the accelerating region 
of the gun for an electron with a given initial transverse 
velocity. We shall apply this to the beam spread prob-
lem in Section III. 

Trajectories in a Drift Region 

In the drift region beyond the anode aperture, the 
beam diameter varies under the influence of the diverg-

ing forces of the space charge within the beam. For the 
case of a shielded beam of slowly varying diameter, we 
may approximate by using the equations applicable for 

cylindrical geometry,' 

1 d2re 
— — = Radial field strength —   
n dt2 2Ter6 

where p is the linear charge density in coulombs per 
meter of length. In terms of the beam current and 

voltage this becomes 

4,4 

4.0 

3.6 

3.2 

d2r0 nlb 

dt2 2irereVliVa 
(15) 

0 2.0 
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Fig. 2—A curve useful in calculating electron trajectories in the 
accelerating region of Pierce-type electron guns. 

Substituting for Ib from ( 10), and assuming Oto be small 
so that we may approximate the sine of an angle by 
the angle we obtain, 

ere 277Varc2 1 

dt2 9(_a.)2i.c2 r. 
(16) 

This equation may be put into integrable form by sub-
stituting 

CO = 

dr6 

dl 

do; cl2r„ 

dr « dt2 

Integrating in this manner gives: 

dr. V2N/2.1V„ r, r. 
= - =   in - ) 112 

dl 3(—a.) fc r„, 
(17) 

which includes the boundary condition that dre/dt is 

7 Ibid., p. 147. 
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zero at the minimum beam radius Tm. The plus sign ap-
plies for a diverging beam and the minus sign for a 
converging beam. The second part of the integral for 
(8) covering the drift region, is therefore 

dl rc 3(—ao) 

J te ( r e)2 f,. Tm 

Te 

±d(—1.«-') r„, 

re) 2 ( In rey 2 

r,„ r„, 

(18) 

We may change the variable of integration to u, de-
fined by 

which yields 

dt 

Le ( j2 

re 
2 

Tm 

r,, 
= 

re, N/2nVa 

(19) 

•r 2-,   
.-1/ 7  

"f  r" e— '2du + f  ../ 111 r,/re„, 2 

1/7  0 " du 

= 31.„ 
N/27717. 

• led -On (Ta/Tm) ± erf N'ln (Te/Tm) 1. (20) 

re  

10 1.1 1.2 1.4 1.6 20 

re re 
r.,,, OR rm 

3:0 4A 50 

Fig. 3—A curve useful in calculating beam divergence 
in a drift region. 

This completes the integral of (8). The plus sign applies 
for points beyond the beam minimum and the minus 
sign for points before the beam minimum is reached. 
Values of the error functions are given for convenience 
in Fig. 3. The value of re as a function of distance can be 

obtained from the gun design data and the universal 
beam spread curve.8 

Complete Trajectory, Gun Plus Drift Region 

We are now in a position to write the complete ex-
pression for the trajectory deviation of an electron 
which has a known initial transverse velocity and which 
remains within the beam. From ( 1) and (8) it is appar-
ent that an electron will deviate from its nominal posi-
tion by an amount Ar, given by 

dr) re f dl 

dt c rx r e\2-

re) 

Assembling the integral from ( 14) and ( 20), we have 

Ar f, re 

( dr) 
( a.) 2/3 

N/1717 e[ r, 

Ç7I1 

rr I r 

(—a) 2/3 

re V Ir / ra 
-.+ 3 — (— 4 2 (erf 'V / ln 

r„, 2   

± erf Vln 
Te 

Tm 

(21) 

(22) 

An electron starting with an initial transverse velocity 
(dr/dt)e at the cathode, will arrive at a later point, re-
moved from the line of laminar flow by a distance Ar 
given by (22). The positive sign in this expression should 
be taken if the cross section of interest is beyond the 
minimum beam diameter of the space-charge beam-
spread curve, and the negative sign in case the plane of 
interest comes before the plane of the minimum beam 
diameter. 

This equation is complete for a single electron. The 
integral and the erf functions are evaluated in Figs. 2 
and 3. We apply it to the case of many electrons under 
the influence of thermal velocities in the next section, 
and discuss its evaluation further at the end of that 
section. 

III. THERMAL VELOCITY BEAM SPREADING 

The theory of the preceding section applies to a single 
wandering electron which remains within an otherwise 
ideally focused beam. Though the theory was applied to 
the case of an initial transverse velocity in the radial 
direction only, it may also be shown to apply for off-
axis electrons with initial velocities in any transverse 
direction. This is a consequence of the linear character 
of the variation of the radial fields with radius under 
the paraxial-ray assumption. For axially symmetric 
systems in which Er=ar it is fully equivalent to write 
Ez=ax and Ey=ay in a Cartesian co-ordinate. Thus in 
(1) through (8) we could replace r by x or y and µ by 

8 Ibid., p. 150. 
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µz or et„ with full validity. This may be carried through 
to (21). Thus the magnitude of our deflection is inde-
pendent of the direction of the initial velocity. The 
theory is only approximate for an electron which leaves 
the nominal beam boundary. To obtain the effect on the 
over-all beam we assume that each electron moves inde-
pendently as calculated in the field of an ideal beam, and 
then we sum the effect of all electrons. If the beam is 
appreciably spread by these effects or becomes dis-
torted by other aberrations, considerable error may re-
sult. Nevertheless, the theory does provide a first-order 
calculation of beam spreading due to thermal velocities 
which should be reasonably accurate unless the effect 
is very large. It should be noted that usually we are 
most concerned with the distribution of electrons out-
side of the nominal beam boundary and that the inac-
curacies of our theory for these electrons are in the 
direction of predicting greater trajectory deviations 
than should actually occur in practice. 
A Maxwellian distribution of the transverse velocities 

is assumed for the emitted electrons. The transverse 
components of the velocity distribution are specified by 

the relation 

dJ, — fc em0 212kr)-(nuyi2kndvxdv„; (23) 
2/rkT 

where J, is the current density in the z-direction at the 
cathode surface, T is the cathode temperature in de-
grees Kelvin, m is the mass of the electrons, and k is 

Boltzmann's constant. 
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d X 

dr 
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I/R 2+ r 2 - 2R r COS O 

Fig. 4—Geometry for calculation of the beam spread 
caused by thermal velocities. 

Fig. 4 shows the geometry we are considering at a 

cross-section of the beam an arbitrary distance from the 
cathode. A current element nominally expected to arrive 
at Q will be distributed in a symmetrical zone around Q 
and some of this current will arrive at the point of in-
terest P. This point is at a radius r from the center of the 
beam and the beam would have a radius r0 in the ab-

sence of thermal velocities. 
It is convenient at this point to define a normal devia-

tion cr where 

Ar V kT 
=  — 

(ddr) 
(24) 

in which Ar is the trajectory deviation of an electron 
with an initial transverse velocity (dr/dt),. It follows 

that 

0" = 

Ar kT x kT y kT /1/ = = — 
(dr) m vx m v„ m 

duc 

where x and y are distances of deviation as shown in 
Fig. 4 and Ar/(dr/dt)c can be evaluated from (22). 

[See (32).] 
Referring to Fig. 4, that part of the current dl, which 

in the absence of thermal velocities would fall in the 
area dx dy at P is given by substituting x, y, and a into 

(23). 

(25) 

di, = 
JoRdR 

2r 
e-(x2+111)/ 2o2d (26) 

where Jo is the current density in the beam in the ab-
sence of thermal effects. That part of the current density 

at P from the area at Q is given by 

dl, fo dJ, — =  e_(z2 y2 
)12e2R dR (27) 

dxdy 2ro-2 

To integrate this expression, we eliminate x and y by 

the law of cosines,' 

x 2 y 2 = R2 ± r2 2Rr cos (D. (28) 

The total current density at P is determined by in-
tegrating over the area of the nominal beam circle. 

That is, 

r. 2y 
Re_R22dR 

  e r tz 27r(r2 e+ (R coo 4, ) b?d4,. (29) 

The second integral in (29) may be identified as a repre-
sentation of the modified Bessel function 

fo 

2 r rR 
euer con e) iff 2d CI) = 27r/0 ("---) • 

0.2 
(30) 

Thus we get, for the ratio of the expected current 
density J at radius r to the idealized current density Jo, 

= 
re to (R 

fo 7.)e-R2120210(—rR)d(_R). (31) e_r2i 2,72 
(72 cr 

This is the relationship we have been working for. It 
gives the ratio of the beam-current density to the ideal-
ized value in terms of the beam radius and the position 
in the beam, and of parameter o. which can be obtained 
from the gun-design parameters. From (22) and (24) 

9 This method of integration was suggested by W. E. Danielson 
of the Bell Telephone Laboratories. 



312 PROCEEDINGS OF THE IRE March 

or 

re 

cr 

= ./kT fc [ re 
 _ 

V m .V2n17 r ( a.) 213,4, 

+ 3 —  r„, ± CI, (32) 

1 sin 0 
  ; (33) kT re/Vir 

  (—a.) 213A +3 — — (— a„) 2(B±C) 
2e17. r„, 2 

where A, B, and C are defined and plotted in Figs. 2 
and 3. In (32) the minus sign is to be taken for points 
between the anode and the point of minimum beam di-
ameter, and the plus sign is to be taken for points be-
yond. 

In the Pierce gun-design theory, the degree of beam 
compression (r„,/r,) depends only upon the ratio of the 
cathode and anode radii of curvature (fc/f.)." For the 
position at the nominal minimum beam diameter 
(re= r„,), and also at the anode aperture (re = rc,), the 
bracketed expression in (32) is a function of the ratio 
fe/fe only, and the equation can be solved to give the 
simple relation plotted in Fig. 5. It should be noted 
that for guns with fairly large angles (60) of convergence, 

or wherein the anode aperture compares in size with the 
cathode-anode spacing, values of re,/re may differ some-

what from that given by the design curve of Pierce be-
cause of second-order lens effects at the aperture. In 

10 Mid, p. 188, Figs. 10 and 12. 
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Fig. 5—Curves showing the transverse displacement of electron 
trajectories in Pierce-type guns. These curves may be interpreted 
as giving the normal displacement o for a known value of cathode 
temperature. 
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such cases, (32) still may be calculated provided that 
the correct strength of the exit lens can be determined, 
and from this the value and position of rm." 

Eq. (31) has been evaluated by numerical integra-
tion, and gives a family of functions (Fig. 6) of nor-
malized radius r/re for various values of re/g. In turn, 

" It is pointed out in the companion paper that this effect was 
large in some of the guns tested. 
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Fig. 7—Curves showing the per cent of the total beam current to be 
found within any given radius in a beam dispersed by thermal 
velocities as in Fig. 6. 

Fig. 7 shows the normalized radius r/cr as a function of 
re/6r for various percentages of the total enclosed. 

Fig. 8 shows how this theory predicts the variation 
in the current density profile of a beam with distance 
from the anode for a particular case. Profiles of current 
density vs radius are shown at a number of different 
points along the beam. The curve marked " Idealized 
Radius" is that predicted by Pierce's gun theory. The 
other curve shows the radius enclosing 99 per cent of 
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the current as predicted by this theory. An important 
consequence to be noted is that the diameter enclosing 
99 per cent of the current reaches a minimum at a point 
somewhat closer to the anode than the normal beam 
spread curve predicts. 

IV. IMAGE MAGNIFICATION OF THE PIN-HOLE 
CAMERA TUBE 

In the "pin-hole camera" beam analyzer described by 
Cutler and Saloom' the geometry is as shown in Fig. 1. 
An apertured plate with a single pin hole intercepts all 
but a very tiny part of the beam. The electrons, which 
pass, spread out according to the transverse velocity 
distribution and produce a kind of image on the back 
plate. Theoretically, electrons arriving at any point in 
the image must have come from a particular correspond-
ing point on the cathode, and must have started at just 
the right transverse velocity to bring them to the aper-
ture. Under our idealized conditions, we would expect a 
complete image of the cathode but not a uniformly il-
luminated one. Instead, we would expect a Gaussian 
distribution of image intensity with a maximum cor-
responding to the point on the cathode from which 
electrons with zero initial velocity would pass the aper-
ture. In some cases, noted experimentally by Cutler and 
Saloom, the Gaussian distribution falls off so rapidly 
that the edge of the cathode is not detectable. This is 
to be expected in fairly wide-angle guns of low com-
pression. In other cases, they noted marked distortions 
of the expected Gaussian distribution which were caused 
by improper geometry or spotty cathode emission. In-
terpretation of such a distorted image requires a knowl-
edge of the cathode-to-image magnification of the pin-
hole camera. 
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Fig. 8—Curves showing how the current density profile across the beam varies with distance from the anode for the particular gun 
geometry shown at an anode potential of 1,000 volts and a cathode temperature of 830 degrees C. 
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Referring to Fig. 1, it is apparent that the image 
height rl is given by 

(ddrlh (r« dei) 

tit ph 

ri — Z,  = Z-

.diI 55 

where ph refers to values at the pin-hole plane. We can 
write for the object height ro, 

ro = (tiph — 

(34) 

which from (8) gives 

ro -- r, — ( o 4) r , ph di (35) 
dl „ ell, ( re \ 2 

re 

This is the integral that we evaluated in Section III. 
Its value from te to t« is given by ( 14) and Fig. 2. The 
value in the drift space, from 10 to t„h is given by (20) 
and Fig. 3. Combining (34) and (35), and using (7) and 
the above mentioned integrals, gives for the image mag-
nification: 

ri 

Zi 

fe  
, (36) 

—  r [(— ao)2/3,4 +3 4/— (—ao)2— (B±C)] 
o r e r, 

r,. 2 

wherein ro is the beam radius at the pin-hole plane. The 
denominator in (36) is identical to the bracketed ex-
pression in (32) or (22). If the pin-hole plane is at the 
anode aperture position or the nominal position of min-
imum beam diameter, it is the quantity plotted in Fig. 
5. Otherwise using the tube and beam dimensions with 
(36) and Figs. 2 and 3 one can compute the image mag-
nification. 

- LAMINAR FLOW LINES 

TRAJECTORY OF THERMALLY 
DEVIATED ELECTRON 

Fig. 9—Sketch illustrating how the transverse velocity of an electron 
across laminar flow lines is increased through beam convergence. 

V. BEAM CONVERGENCE AND BEAM TEMPERATURE 12 

In Fig. 9 we picture a converging electron stream in a 
unipotential region where all paths are straight. One 
electron is shown initially crossing the lines of the simple 

12 Ibid., p. 122. The effect of beam convergence on transverse 
velocities is indicated by J. R. Pierce from other considerations. 

laminar flow at a slight angle, presumably because of an 
initial thermal velocity. It is apparent that this electron 
finds itself crossing laminar lines with an ever increasing 
angle as the beam converges. Hence it is evident that 
beam convergence causes an increase in the transverse 
velocity distribution. We may put this on a quantita-
tive basis for the general case of accelerated streams 
through the use of ( 7). 

(1µ (1µ) re2 

— — — • 

dt dt c 7'62 

Multiplying by ro gives the transverse velocity of the 
wandering electron with respect to the coincident lam-
inar path. From (7), then, we can write 

e r di) 

VT, 

— 
Cm) vre r, 

dt 

The beam compression ratio M is the same as used by 
Pierce. 12 We have carried the argument for radial veloci-
ties only, but it applies equally well for either com-
ponent of transverse velocity. It follows that if at the 
cathode the current density is distributed in transverse 
velocity as given by (24), 

dJ, = (const)e- ml2kT(v.r4ru2)dVxdVii. (24) 

At the plane z, the transverse velocities of electrons 
crossing any lamina are increased over those crossing 
any lamina at the cathode by the factor 1/./W. The new 
distribution of velocities is then 

(37) 

dJe = const e-- ("02 kT) 31.2(r24- v,,2)dv,dv„, (38) 

and to all intents the temperature has been effectively 
increased by 1/Mo2 where Mc is the ratio of the beam 
radius at z to that at the cathode. In the case of laminar 
flow M 2 is inversely proportional to the current density, 
which sometimes can be more specifically determined. 
Gun aberrations and nonuniformities of emission in-

cluding the limited size of the cathode, obviously affect 
the velocity distribution. These effects are superim-
posed upon the thermal effect which remains a basic 
limitation to the electron flow. 

VI. CONCLUSION 

The theory presented here points out the basic limi-
tations in electron gun focusing which result from the 
thermal velocities of electron emission. The effects are 
most pronounced for highly convergent guns at low 
voltages where significant beam spreading and a 
marked increase in the thermal transverse velocities in 
the beam are to be expected. The equations and curves 
shown make it possible to predict the performance of 
practical guns, as has been shown by the experimental 
work described in this issue of the PROCEEDINGS by 
Saloom and Cutler.' 
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GLOSSARY OF SYMBOLS 

A The value of 

a 

—012) 

ff.   
Ji (— a)2" 

The value at the accelerating anode. 
Langmuir's parameter for the solution of the 
spherical diode. (See reference 6.) 

The value of en f  (ro/r,o). 

The value of erf /'ln (r,,/r,„). 
The value at the cathode plane. 
Electronic charge = 1.602 X10—'9 coulombs. 
Dielectric constant of free space = 10-9/367r 
farads per meter. 
Total average current flow, amperes. 
Current density in the z direction. 
Current density in the beam at position z in 
the absence of thermal effects. 
Boltzman's constant = 1.380 X 10—" Joules 
per degree. 
Electronic mass= 9.11 X 10—" kilograms. 
e/m= 1.759 X10" coulombs/kilogram. 
A point to which electrons may flow under 
the influence of transverse velocities. 
A point in the beam. 
Radial distance to Q. 
Radial position of an electron. 
Beam radius at the minimum of the beam-
spread curve. 
Radius of the beam edge. 

re Radius of cathode edge measured from axis. 
Radial dimension in spherical co-ordinates 
measured from the point of convergence of 
flow in a spherical diode. 

ic Radius of curvature of the cathode. 
ro Object height in the pin-hole camera tube. 
ri Image height in the pin-hole camera tube. 
Ar Trajectory deviation of an electron with an 

initial transverse velocity (dr/dt)c. 
p Linear charge density in coulombs per meter 

of length. 
o A normal deviation, defined as 

o 
u 

V 

X, y 

k Ar T 

dr m 

.d1).Cathode temperature, degrees Kelvin. 

Time variable. 
Half angle of convergence in Pierce-type gun. 
A convenient variable e'2= re/ro. 
Ratio of the radial position of an electron to 
the beam radius. 
Potential by which the electrons have been 
accelerated, volts. 
Velocity, meters/second. 
Angular dimension of beam cross section. 
Rectangular co-ordinates in a cross-section 
plane through the beam. 
Position of an electron in the axial direction. 

co A convenient variable equal to dreldt. 
Subscript 1 indicates the value of the variable at a 

particular cross-section plane. 

Electrical Characteristics of Power Transistors* 
ALLEN NUS SB AUM t 

Summary—The following electrical characteristics of a group of 
power transistors whose collector dissipation is in the region of 20 
watts have been measured: the small-signal current amplification as 
a function of emitter current, the cutoff frequency as a function of 
emitter current and collector voltage, and the decrease of current 
amplification with increasing frequency. All these measurements 
were made in both common-base and common-emitter configuration. 
The results were compared with the theory developed for low-power 
transistors by Shockley, Rittner, Webster, and others, and it was 

found that for the frequency-dependent parameters, the agreement 
was quite good, but that differences exist in the case of those which 
are a function of current. This leads to the conclusion that further 
work must be done on the theory of junction power transistors. 

* Original manuscript received by the IRE, July 26, 1954; re-
vised manuscript received, December 16, 1954. 
t Honeywell Research Center, Hopkins, Minn. 

INTRODUCTION 

GENERAL description of p-n-p diffused junction 
power transistors having a collector dissipation 
in the region of 20 watts has been given by Roka, 

Buck, and Reiland.' Constructional features are shown 
in Fig. 1 (next page). Fig. 2 (next page) gives the char-
acteristic curves for common-emitter operation of three 
typical production units, representing respectively the 
approximate upper and lower limits of quality and an 
average unit. The curves shown were taken on a re-
cording potentiometer, and some of the high current 

I E. G. Roka, R. E. Buck, G. W. Reiland, "Developmental ger-
manium power transistors," PROC. I.R.E., vol. 42, pp. 1247-1250; 
August, 1954. 
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SEALS 
BASE RING 

LEADS (INSIDE) - -DIE 

EMITTER 

COLLECTOR 

COPPER HOUSING 
BASE 

SOLDER 

MOUNTING STUD 

FLEXIBLE CONNECTING curves show a slight negative slope due to heating 
LEADS effects. Oscillographic curves of the same units do not 

show this behavior. In the following sections, we shall 
SOLDER give a detailed report on some of the electrical proper-

ties of these transistors, and attempt to correlate these 
results with theory. 

CURRENT AMPLIFICATION AS A FUNCTION OF 
EMITTER CURRENT 

Experimental Results 

The current amplification a of a transistor for com-
mon base operation is defined 

a = ale/au-ye, (1) 
Fig. 1-Cross-sectional drawing of a power transistor. where I. is the emitter current, L is the collector cur-
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Fig. 2- Common-emitter characteristic curves of three representative power transistors. 
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rent, and Vc is the collector voltage (see List of Sym-
bols). For common-emitter operation the current ampli-
fication b is 

b = al/aIb)vc, (2) 

where Ib is the base current. These parameters were 
measured by superposing small ac signals on the dc 
quantities I. (or /o) and I,, and measuring their ratio. 
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4754 
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60V 

Fig. 3—Circuit diagram of current-amplification 
measuring apparatus. 

The circuit used is shown in Fig. 3. Various direct-read-
ing methods reported in the literature' were not usable 
because of the lower impedances and higher currents 
associated with power transistors. Chokes to handle the 
currents involved were specially wound and the bias 
sources consisted of high-current dry batteries con-
nected in series. The frequency of measurement was 400 
cycles per second. The results for common-base opera-
tion are plotted in Fig. 4, and for common-emitter op-
eration in Fig. 5. 

Theoretical Dependence of Current Amplification on 
Emitter Current 

When the p-n-p transistor is considered to be a device 
of rectangular shape with base region of width w, with 
diffusion of carriers restricted to one dimension, and 
with the field in the base being small enough so that 
carrier transport is due entirely to diffusion, then the 
common-base current amplification can be expressed' 

where 

and 

a = 071 

a = sech (w/Lb), 

(3) 

(4) 

1 
—   (5) 

1 ± (1)./Dp)(n o/Pb)(Lb/L e) tanh (IV/Lb) 

2 See, for example, R. F. Shea, "Principles of Transistor Circuits,» 
John Wiley and Sons, Ch. 22, New York; 1953. 
e E. L. Steele, "Theory of alpha for p-n-p diffused junction tran-

sistors," PROC. I.R.E., vol. 40, pp. 1424-1428; November, 1952. 

In these equations a is the diminuation factor due to 
volume recombination, y is the injection efficiency; D„ 
and D, are the diffusion constants of electrons in the 
emitter and holes in the base, respectively; n• and Pb 
are the corresponding equilibrium concentrations; and 
L. and Lb are the corresponding diffusion lengths. We 
also have Lb' = Deb, where Tb is the lifetime of holes in 
the base. 
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Fig. 4—Emitter current vs current amplification 
for common-base operation. 

o 

90 055 

910 355 

COLLECTOR VOLTA« • 0 v 
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Fig. 5—Emitter current vs current amplification 
for common-emitter operation. 

The common emitter-current amplification is 

b = a/(1 — a), 

1000 

(6) 

and since the argument w/Lb of the hyperbolic functions 
is known to be small enough to permit series expansion, 
(6) may be converted into 
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1/b = 1 — fry 

= 1 — ( 1 ± w2/2Lb2)-1 (1 Dnew/D,Pbt.,)' (7) 

= (w2/2D„ro) (Denew/DppoLe), 

where only first order terms have been retained. If the 
effects of surface recombination are considered, Ritt-
nee' and Webster' have shown that an additional term 

must be included in (7): 

1/b = (w2/2Dprb)-F(Dnnew/Debr„) (silsw/D„A,), (8) 

where s is the surface recombination velocity, A, is the 
effective surface area for recombination, and A, is the 
area of the conduction path which is approximately 
equal to the emitter area. All of the parameters on the 

right of (8) with the exception of To are constants of the 
transistor and independent of I,. It has been shown by 
Shockley and Read6 that Tb should vary with injected 
carrier density Sn in the following fashion: 

Tb --= ro(1 xón) / ( 1 + y6n), (9) 

where ro is the lifetime in the limit of no injected car-
riers and where we can compute x = 9.66 X10-16/cm3 
and y =- 2.58 X10-'6/cm3 from data for lifetime vs im-
purity concentration given by Hall.' The resistivity of 

the starting material used in these transistors is 4.5 
ohm-cm and from this it was determined that ro = 295 
µsec with Tb decreasing to a minimum of 110 µsec as the 
injected current rises. This should cause a change in the 
volume recombination term w2/2D„ro by a factor of 3. 
However, both Webster5 and Rittner4 have computed 
that for receiving-type transistors, both the volume-
recombination and injection-efficiency terms are about 
0.1 the surface-recombination term. Hence, the varia-
tion in Tb has little effect on 1/b and (8) predicts that 

the current-amplification is independent of emitter cur-
rent. Webster has shown this to be untrue for both 
p-n-p and n-p-n receiving-type transistors and Fig. 5 
shows similar behavior in power transistors. To con-
sider the reason for this dependence, it should be re-
called that in the derivation of (3), it was assumed that 

the electric field in the base region of the transistor ap-
pears only across the junctions and can be neglected in 
the remainder of the n-type area. By considering the 
effect of this field, Webster has shown that (8) must be 

modified to 

l/b [(w2/2Dpro) (craw/croLe) J(1 Z) 

-1-(swilsID„A e)g(Z), (10) 

where 
Z = (wg e/D„A ecrb)I, (11) 

E. S. Rittner, "Extension of the theory of the junction tran-
sistor," Phys. Rev., vol. 94, pp. 1161-1171; June, 1954. 

6 W. M. Webster, "On the variation of junction-transistor current 
amplification factor with emitter current," PROC. I.R.E., vol. 42, pp. 
914-920; June, 1954. 

6 W. Shockley and W. T. Read, "Statistics of the Recombinations 
of Holes and Electrons," Phys. Rev., vol. 87, pp. 835-840; September, 
1952. 

7 R. N. Hall, "Electron-hole recombination in germanium," Phys. 
Rev., vol. 87, P. 387; July, 1952. 

and 

1 + Pi/Td  
g(Z) = (12a) 

1 ± 2P1/Na 

Z = (2p1/.Vd) — ln (1 ± (12b) 

In the above equations µ, is the electron mobility, pi the 
hole concentration in the base at the emitter junction, 
Nd the donor ion concentration, and the emitter and 
base conductivities cre and ab, respectively, enter through 
replacing the ratio of diffusion constants by use of the 

Einstein relation and the definition of conductivity in 
terms of mobility. Eqs. ( 12a) and ( 12b) show that the 

function g(Z) decreases rapidly with Z, so that the sur, 
face-recombination term in ( 10) produces a rise in b 
with current, whereas the other two terms cause a 
decrease, and the curve of b vs I, shows a maximum. 
The physical picture is that at low currents the volume-
recombination rate is low, the injection-efficiency is 
high, but a large number of holes are being lost by dif-
fusion to the surface. Surface recombination is pre-
sumed to occur in an annular ring surrounding the emit-
ter and of width approximately equal to w. As the 
current (and the field) increases, there is less diffusion 
to the surface, causing b to rise, but at the same time 
there is a fall in b due to the other two factors. By using 
Lagrange's multipliers and considering ( 12a) and ( 12b) 
as a constraint, the maximum of b as a function of I, is 

found to occur when 

(2g— 1)2g= [(w2/2D„Tb)-1-(crbw/creLe)1/(swA8/D7,A,). ( 13) 

This relation will be applied subsequently. 

Comparison with Experiment 

The physical constants and the computed values of 
the various terms in ( 10) for the receiving-type 

transistors of Webster and for one of the transistors of 
Fig. 2 are listed in Table I. The curve for transistor No. 
1055 as given in Fig. 5 was used in conjunction with 

TABLE I 

Parameter RCA MH No. 1055 

Emitter diameter, d 
Collector diameter 
Base width, w 
Emitter area, A, 
Base resistivity, 1/m, 
Lifetime, Tb 
W 2I2Deb 

sA, (from best fit) 
sA„w/D„A 
er,L, (from best fit) 
erbw/rrJ,„ 

Current for which b is a maxi-
mum, computed from ( 13) 

s (assuming A.=w7rd) 

0.015 inch 
0.045 inch 
4.8X10-3 cm 
1.1 X10-8 cm2 
2.22 ohm-cm 
500 msec 
0.0006 
0.147 cms/sec 
0.014 
1.55/ohm 
0.0014 
800 ./.(/, in ampà 

1 ma 
245 cm/sec 

0.130 inch 
0.150 inch 
6.35 X10-3 cm 
8.55 X 10-2 crn2 
4.5 ohm-cm 
295 µsec 
0.0016 
5.0 cm3/sec 
0.0062 
1.0/ohm 
0.0014 
27.3 /,(/* in amp) 

0.73 ma 
760 cm/sec 

(10) for obtaining the values of cre.L., and sA, given in 
the table. This particular transistor was chosen since it 
has an a of approximately 1.0 over the entire I, range, 
this being one of the assumptions involvedin Webster's 
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theory. The principal differences between the RCA and 
Honeywell transistors are the size of the junctions and 
the magnitude of the currents carried. Because of the 
insensitivity of the measuring circuit at low currents it 
was not possible to confirm the existence of the maxi-
mum in b predicted by ( 13). We would expect, however, 
that if this maximum exists, it should occur at currents 
much higher than 1 ma, for when the two types of 
transistor are carrying the same current, the current 
density (and hence the field) in the power transistor 
should be smaller. This means that the effect of surface 
recombination is larger and the maximum should be 
shifted to the right in the /e vs b curve. It must be con-
cluded, therefore, that the first-order approximations 
which give such reasonable agreement for the smaller 
units do not hold for high-current transistors. The more 
rigorous one-dimensional theory of Rittner also pre-
dicts a curve of the same shape as Webster's. Rittner 
has extended his work to three dimensions in a most 
elegant manner, and shows that for transistors of the 
size he considers, the one-dimensional theory is a reason-
able approximation. In view of the above discussion, it 
is felt at this point that in order to bring theory and ex-
periment into line for power transistors, further work 
will have to be done with the three-dimensional theory 
with regard to converting the formidable solutions of 
the equations into a form suitable for numerical com-
putation. 

FREQUENCY-DEPENDENT CHARACTERISTICS 

Common Base Configuration 

Returning to the conditions under which (3) is valid, 
it has been shown by Steele' that if the injected hole 
density varies sinusoidally with angular frequency co, 
then this equation is still applicable provided we replace 
w/Lb with zw/Lb, where z2= (1 -Ficorb). For low currents, 
the approximation is made that a = 1.0, and all of the 
frequency variation of a is contained in e, where 

e = sech (zw/Lb), (14) 

or 

= [1 — (w2/2Lb2) — ( icur bw2/2Lb2)[-' 

= [1 — iierbw2/2Lb2[-i. (15) 

(The use of the series expansion for a function with a 
complex argument can be justified by computing the 
absolute value and incorporating the condition that 
w/Lb«1.) The common-base cutoff frequency fe« is de-
fined as the frequency for which the magnitude squared 
of 0 falls to one half of its low-frequency value (f = 0), or 

O(Jra)/3* (f,..)//32(0) = 1/2- (16) 

It can be shown that if the real part of a is independent 
of frequency, then lea can alternatively be defined as the 
frequency for which the real and imaginary parts of 13 
are equal. Using this latter condition on ( 15), 

fca = Dp/w2r. (17) 

On the other hand, substituting 0 as given by ( 14) into 
the definition (16) yields, after taking the square root of 
the complex number z and expanding the hyperbolic 
secant of the resulting root, 

cosh 2x -I- cos 2y = 4, (18) 

where x and y are defined by 

x iy = wz/Lb = (w/Lb)(1 coca2Tb2)1" 

• [cos (0/2) i sin (0/2)[, (19) 

and 

O = arc tan co,Grb 

¡ca = 271-co. (20) 

The common-base cutoff frequency is plotted in Fig. 6 
as a function of emitter current and collector voltage. 
For these frequencies we have wearb>>1, so that Or---- r/2, 
x=y, and ( 18) has a solution of x = 1.1, or, by (19), 

1.1 =- (weer bw2/2Lb2)II2 

or 

= 1.22 1)„/Ire. (21) 

This relation, given by Rittner4 and Pritchard,8 pre-
dicts an fe. 22 per cent higher than (17). For w as given 
in Table I, 

fe. = 1.22 X 44/7r X (6.35 X 10-3)2 = 422 kc/sec. 
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Fig. 6—Common-base cutoff frequency as a function 
of emitter current and collector voltage. 

This is reasonable for transistor No. 355 at low cur-
rents. As /0 increases, Rittner predicts that fee should 
rise to twice its low-current value and then decline 
somewhat, due to a fall-off in injection efficiency. This 
general behavior is seen in Fig. 6, but here again we are 
faced with computational difficulties for quantitative 

comparisons. 
The frequency dependence of a (or 0) can be obtained 

by substituting ( 17) into ( 15), 

a = = (1 — if/fb„) --1 , (22) 

R. L. Pritchard, "Frequency variations of current-amplification 
factor for junction transistors," PRoc. I.R.E., vol. 40, pp. 1476-1481; 
November, 1952. 
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Fig. 7—Common-base relative frequency vs relative amplification. 

or in polar form, 

where 

By (24a) 

10.0 

= A(f)e 4, (23) 

A(f) = [ 1 + (f/ fca)21-"2 

= arc tan Pfc.. 

(24a) 

(24b) 

A (f)/A (0) = [1 ± (il./..,) 2]-112 (25) 

As shown by Pritchard,' (25) and (24a) mean that the 
relative amplitude A(f)/A (0) and the phase 4, of a are 
universal functions of the relative frequency fife.. A 
comparison of the plot of (24a) with measured values is 
given in Fig. 7. The collector current and voltage used 
were selected for convenience. Little dependence on 
these quantities was observed. The agreement for 
transistors No. 355 and 1063 is quite good. The devia-
tion for No. 1055 might be due to a frequency variation 
in 7 suggested by Pritchard.' The measurement of 
phase angle was found to be difficult using standard 
Lissajous" methods, so that it was necessary to com-
pute ct, in the following manner: 

b = Be' 

= Aeio/(1 — Aei.), 

where B is the amplitude of b and the phase angle. 
Then 

or 

132 = bb* = A2(1 + A' — 2A cos 4,), 

cos 4, = ( 1 ± A2 / B2)/ 2A 
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Fig. 8—Phase angle vs relative frequency for common-base operation. 

Common Emitter Configuration 

For convenience in derivation of equations, we will 
interchange the order of treatment in this section. First 
we will get an approximate expression for fa, the cutoff 
frequency for this configuration. From (6) and ( 15), 
assuming as usual that a is not a function of frequency 
and w/Lb«1, 

b = [cosh (zw/Lb) — 1]—' 

= [(z2w2/2Lb2) z4w4/4!Lb4)]—'. (27) 

Equating real and imaginary parts 

f«b = 1/21I-rb (28) 

so that under the assumption that volume recombina-
tion is of major importance at high injection levels, fa 
should rise with an increase in I.. A linear rise is seen in 
Fig. 9 (opposite). The change in lifetime from 295 to 110 
msec should give corresponding values of fa, from 0.55 to 
1.5 kc/sec, so that (28) is not a very good approximation 
formula. 
To find the dependence of b on fd„ put (28) into (27) 

to get 

or 

b = [(w2 / 2D pr b)(1 ± if/LOP 

B(f)/B(0) = [1 + (f/fcb)2]--"2, 

(29) 

(30) 

which is of the same form as (25). This curve and the ex-
perimental results are shown in Fig. 10 (opposite page). 
The cutoff frequency definition as exemplified by 

(16), when applied to the combination of ( 7) and ( 14), 
yields, using the same symbols as ( 19), 

(26) b2(0)/2 = [cosh (zw/Lb) — 1]—' [cosh (z*w/Lb) — 1]— 

Fig. 8 shows experimental values of 4, as computed from 
(26) and the theoretical values computed from (25). 

9 R. L. Pritchard, "Frequency variations of junction-transistor 
parameters," PROC. I.R.E., vol. 42, pp. 786l-799; May, 1954. 

10 F. E. Terman and J. M. Pettit, "Electronic Measurements," 
McGraw-Hill Book Co., pp. 267-268, New York; 1952. 

or 

cosh 2x ± cos 2x — 4 cosh x cos x + 2 = 0, (31) 

where we have dropped a term 4/b2(0). The solution is 
x = 0.743, or 
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CONCLUSIONS 

It is apparent from the data presented that, in the 
case of power transistors, successful devices were manu-
factured before their theory of operation was too well 
understood. It is felt that numerical calculations based 
on Rittner's work hold out the most hope for deriving 
expressions connecting current-amplification and cutoff 

frequency with current density in transistors carrying 
(32) large currents and having large junctions. It is also 

planned to test these results by making similar studies 
on units of about 60 watts dissipation, now in the 

process of development. 

This is not a good approximation, either, but is in the 

opposite direction to (28). 
A third method of estimating fi has been given by 

Thomas." By (22), 

a(f) = a(0)/(1 — if/f4), 

so that 

b(f) = «(f){ 1 — 

By (29), 

hence 

a(0) 

11 — a(0) I [1 if 1 
Ícall -I 

(33) 

b(f) = b(0)/( 1 if/f,e), (34) 

fcb = 1 — a(0) (35) 

Estimating an error of about 1 per cent in the measure-
ment of a, this means that fa should be of the order of 
0.01 fd, for Nos. 1055 and 355 at low currents. This 
prediction is quite reasonable. The agreement for No. 
1063 is similar. However, (35) does not predict the rise 
in fd, as f,„ falls. 

1 D. E. Thomas, "Transistor amplifier—cutoff frequency, PROC. 
I.R.E., vol. 40. pp. 1481-1483; November, 1952. 
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LIST OF SYMBOI.S 

A = amplitude of a 
A„= emitter area 
A „= surface recombination area 
B= amplitude of b 
b = current amplification for common-emitter op-

eration 
Da= diffusion constant of electrons 
D8= diffusion constant of holes 
d = emitter diameter 
f„= common-base cutoff frequency 
Ls= common-emitter cutoff frequency 

g(Z)=(1-1-1)1/Nd)/(1-1-2pi/Nd) 
Ib = base current (dc) 
!,=collector current (dc) 
le= emitter current (dc) 
Le= diffusion length in emitter 
Lb= diffusion length in base 
Nd= donor ion concentration 
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n. = equilibrium electron concentration in emitter 
pl= hole concentration in base at emitter junction 
pb= equilibrium hole concentration in base 
s = surface recombination velocity 
= collector voltage 

= base width (distance from emitter to collector 
junctions) 

x±iy=ve/Lb 
z = ( 1 +ice/1)1/2 

Z = 711.(e/D„Aab=(2pi/Nd)—ln(1+pi/Nd) 
= curren t amplification for common base opera-
tion 

= diminuation factor 

-y --- injection efficiency 
à= phase angle of b 
Sn = injected-carrier density 
0 =arc tan coaro 
= electron mobility 

cro =- base conductivity 
(re= emitter conductivity 

ro = minority carrier lifetime with no injected car-

rier density 
rb= lifetime of holes in base 
= phase angle of a 

co =angular frequency of injected hole current 
= 27rfe. 

Further Bounds Existing on the Transient 
Responses of Various Types of Networks* 

A. H. ZEMANIANt, ASSOCIATE, IRE 

Summary—Five new theorems stating bounds on the transient 
response of certain types of networks are derived and illustrated. 
The first one states that any system function, whose real part on the 
positive real-frequency axis decreases monotonically as frequency 
increases, cannot have an overshoot in its step response greater than 
eighteen per cent, nor can its rise time, from the time that the input 
step is applied to the time that the response first crosses the final 

value line, be less than 1.22(r—K)C where r is the final value of the 
step response and K and 1/C are the constant term and the coeffi-
cient of the 1/s term in the inverse power-series expansion of the 
system function. Similarly, the other four theorems show that when 
the system function is appropriately restricted, the transient re-

sponse is bounded. These restrictions include never-negative or 
never-positive conditions on the real or imaginary parts of the sys-
tem function along the real-frequency axis, while the resulting 
bounds are determined by certain coefficients occurring in the power-
series expansions of the system function. 

INTRODUCTION 

M ANY EMPIRICAL rules exist which relate 
characteristics of the frequency response of 
systems to characteristics of their transient 

response." Furthermore, the frequency responses of 
many types of networks, such as passive driving point 
impedances or minimum phase networks, are restrained 
in various ways.' 

* Original manuscript received by the IRE, October 12, 1954: 
revised manuscript received, December 9, 1954. 
t Elec. Engrg. Dept., College of Engrg., New York Univ., New 

York, N. Y. 
G. E. Valley, Jr., and H. Wallman, "Vacuum Tube Amplifiers," 

McGraw-Hill Book Co., 1st ed., pp. 71-84; 1948. 
2 A. V. Bedford and G. L. Fredendall, "Transient response of 

multistage video amplifiers," PROC. I.R.E., vol. 27, pp. 277-284; 
April, 193?. 

3 H. E. Kallman, R. E. Spencer and C. P. Singer, "Transient 
response," PROC. I.R.E., vol. 33, pp. 169-195; March, 1945. 

4 G. S. Brown and D. P. Campbell, "Principles of Servomecha-
nisms," John Wiley & Co., 1st ed., pp. 105-109; 1948. 

H. W. Bode, "Network Analysis and Feedback Amplifier De-
sign," D. Van Nostrand Co., 1st ed., ch. 9 and 13; 1945. 

In a previous paper,' analogous bounds have been 
shown to exist on the transient response when the fre-
quency response of the system is appropriately restrict-
ed. Moreover, these relations are exact ones and not ap-
proximate rules of thumb. In this paper theorems stating 

new exact relations of this type are proven and illustrated. 

THEOREMS 

Only fixed, lumped, linear, and stable networks will 
be considered in the forthcoming discussion where the 
system function, Z(s), has no poles on the real-frequency 
axis or in the right-half s-plane. Since this system func-
tion is analytic at s =0 and s= 00, it may be expanded 
around these two points into the following two infinite 
series, respectively: 

Z(s) = r+ kis + kos2 + koss + • • • ; Is! q, 

1 K2 K3 
Z(s) = K+ — + — — + • • ; Is! p. 

Cs 32 3 

As these expansions will be used only in the vicinity of 
s = 0 and s= , let p be a number greater than the dis-
tance from the origin to the pole of Z(s) furthest from 

the origin, and let q be a number less than the distance 
from the origin to the pole nearest the origin. In this 
paper, the first expression will be called the power-series 
expansion of Z(s) and the second, the inverse power-
series expansion of Z(s). As usual all input functions are 
assumed applied at time, t= 0, so that all responses are 
zero for negative values of time. 

The first theorem states that any network, whose sys-
tem function has a real part along the real-frequency 

A. H. Zemanian, "Bounds existing on the time and frequency 
responses of various types of networks," Paoc. I.R.E., vol. 42, pp. 
835-839; May, 1954. 
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axis R(w), which decreases monotonically as w increases 
from zero toward infinity, will have a unit step response, 
A(t), whose percentage overshoot will be less than 18 
per cent and whose rise time from the time the step 
input is applied to the time the response crosses the final 
value line will be greater than 1.22(r —K)C. This situa-
tion is illustrated in Fig. 1 for the case where K=0. 
When the derivative of R(co) is excluded from the posi-
tive region shown shaded in Fig. 1(a), the unit step 
response is excluded from those regions which are 
shaded in Fig. 1 (b). An example also is indicated where-
in the real part of the system function and the corre-
sponding unit step response are realizable by a shunt-
peaked filter whose poles are at s= — 1 +jl and whose 
zero is at s= — 2. The statement of this theorem and its 
proof follow. 

o / 17/1/2,//3/Z/ 4/X 

2 r dw (yr+41'-
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re 
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Fig. 1—Prohibited regions of Theorem 1 for the case R=0. (a) The 
region from which dR/dw is excluded by the hypothesis of Theorem 
I. (b) The regions into which the corresponding A (t) cannot enter. 

Theorem I 

If Z(s) is such that (dRicho) SO for 0Sw, then for 
OStS2(r—K)C: 

2 
K A(t) K —  (r — K) Si [ir   

2(r — K)C] 

and for 2(r— K)C.5_t: 

2 
K ≤ A(1) K — (r — K) Si (r) < K 1.18(r — K). 

s. 

Proof: Consider the Fourier transform which ex-
presses the unit step response in terms of the real part 
of the system function. 

2 oe sin wt 
A(t) = — R(w) do) (1) 

0 

2 f ' fg sin wt 
= — t R(co)   dw 

71- 0 oet 

2 r sin cot 
-I- — t R(w)  dw • (2) 

w r/t Cd 

= G(t) + H(1). 

Denoting the second term in expression (2) by H(t) and 
integrating it by parts, the following may be obtained: 

2 
El(t) = K — — Si (ir)R tn. ) 

w l 

+ 2 r° dR \ si (wt) dw. 

11. rit do) 

Since (dR/dco) 5 0 and Si(wt) SSi(7r), 

2 
Mt) K — — Si (w)R (r —\ 

t 

2 dR 
— Si (r) f —)&47 
ir r/t 6140 

2 
H(t) 5. K [1 — — Si (H. (3) 

Now a bound will be obtained on the first term of ex-
pression (2) which will be denoted by the symbol, G(t). 
Within the interval 0 5 co ≤ (r/t), the function (sin 
wt/wt) is positive and monotonically decreasing. There-
fore, of all the positive functions, R(w), such that 
(dR/cico) 0, the rectangular pulse function, Ro,(co), is 
the one which will yield the greatest value of G(I). 

R„,(0) = r for I co 

=K for wc e_lcul 

where K<r. Integrating [Z(s) —K] around the right 
half s-plane and making use of the fact that there are 
no poles in the right half s-plane nor on the jo, axis, the 
following expression may be obtained :5 

2 1 
— f [R(w) — Kkiw = —c • 
r o 

Applying this to Rm(co) and solving for wc, 

— 
2(r — K)C 

Thus, when (r/t) ≥: w,, so that t S 2(r —K)C, 

2 r sin cot 2 f rit K sin tot 
r dco -I- t   dw 

7r o cot r c„c cot 

2 2 
.5., — [r — K] Si (coct) ± — K Si (7). 
r 1 

(4) 

(5) 
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Adding (3) and (5), 

2 t 
A(t) K + — [r — IC] Si[ir   

ir 2(r — K)C _I• 

Similarly, when (r/t)≤coc, so that t≥ 2(r —K)C: 

Therefore 

2 
G(t) — Si (w)r. 

ir 

A(t) K + — Si (w)[r — 

Proof: The impulse response may be written in terms 
of the real part of the system function as follows: 

(6) 2 f  2 f 
W(€)=— R(co) cos cotdco+— R(co) cos cotcico (8) 

ir o r/2t 

(7) 

Expressions (6) and (7) constitute the upper bounds of 
this theorem. The fact that the unit step response cor-
responding to R„,() equals this bound for 05/52(r 
— K)C demonstrates that these are the lowest possible 
bounds of this form. 
To obtain the lower bound, integrate ( 1) by parts: 

A (t) K  + 2 r dR\ si (coi)dco. 

ir o cico I 

The fact that both terms in the integrand of this ex-
pression are never negative establishes this lower bound. 
It is the greatest possible constant one, since A (0) = K. 
This completes the proof. 
When (dR/dco) ≥ 0 for 0 5 co, so that K> r, it may be 

shown in exactly the same way that for 0 ≤ t 2(r —K)C: 

2 
K — — [K — r] Si [ir 

and for 2(r — K)C t: 

2 
K — — [K — r] Si (r) A(t) K. 

1 2(r — K)C e A (t) 

In these expressions, C is a negative quantity. 
The second theorem improves the result of Theorem 

2 of reference 6. It shows that any network, whose 
system function has a real part along the positive real-
frequency axis R(co) which decreases monotonically to 
zero as w increases from zero toward infinity, will have 
a unit impulse response, W(t), which is bounded by the 
functions shown in Fig. 2. The example is obtained 
from the same system function used in illustrating 
Theorem 1. 

Theorem 2 

If Z(s) is such that K = 0 and (dR/dco) 5.. 0 for 0 co, 
then for 05/ 5rC: 

and for rC≤l: 

W(t) I < ci 
in 

sin — 
2rC 

irt 

2rC 

2r 
W(t) I — • 

rt 

=J(1)+L(1). 

Denoting the second term in (8) by L(t), integrating it 
by parts and using the fact that sin cot is always less 
than one, it can be shown that L(t) is a negative quan-
tity. Therefore, W(t) ≤ J(t). 

Mtn 
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Fig. 2—Prohibited regions of the conclusion of Theorem 2. 

Of all the positive functions, R(co), such that (dR/dco) 
≤ 0, the rectangular pulse function given by (4) is the 
one which will yield the greatest value of J(t) and there-
by the upper bounds. Thus, for (r/2t) ≤ w, so that 
l≥rC: 

2 f ri2g 2r 
W(t) — r cos cotdco = — ; 

7 0 7rt 

and for (ir/ 2t) we so that t rC 

irt 
sin — 

2 r 1  2rC 
W(t) — r cos cot& = 

C 

2rC 

The lower bounds are obtained in the same way except 
that use is made of the fact that sin cot ≥ — 1. Considera-
tion of the impulse response corresponding to R„,() 
demonstrates that the upper bounds are the lowest pos-
sible ones of this form. 
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Fig. 3—Prohibited regions of Theorem 3. (a) The region from which 
1(w) is excluded by the hypothesis of Theorem 3. (b) The regions 
into which the corresponding W(t) cannot enter. 

The third theorem states that any network, whose 
system function has two more poles than zeros and has 
a never-positive imaginary part along the positive real-
frequency axis, I(w), will have a unit impulse response, 
W(t), whose magnitude is bounded by K2t. This, of 
course, means that the magnitude of the unit step re-
sponse is bounded by (K2/2)12. The shaded portions of 
Fig. 3 indicate the regions from which the imaginary 
part and the corresponding impulse response are ex-
cluded by the hypothesis and conclusion of this theo-
rem, respectively. Again an example is given. The func-

tions shown are obtained from a system function having 
only two poles at s= — 1+ jl. 

Theorem 3 

If Z(s) is such that K = 1/ C = 0 and I(w)≤0 for 0 ≤ w, 
then I W(t)I K2t. 

Proof: The usual argument is applied to the Fourier 
sine transform which relates the unit impulse response 
to the imaginary part of the system function. 

2 f 'e 
W(t) = — — /(co) sin wt dw. (9) 

71' o 

Since I(w) is never-positive and I sin cotl 5 cot, 

2 °:' 
I W(t)I — — t f wI(w)dw. (10) 

71" o 
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Fig. 4—Prohibited regions of Theorem 4. (a) The region from which 
R(w) is excluded by the hypothesis of Theorem 4. (b) The regions 
into which the corresponding B(t) cannot enter. 

Integrating sZ(s) around the right-half s-plane and us-
ing the fact that there are no poles on or within this 
contour (if the path of integration is indented to the 
right at the origin to avoid the simple pole occurring 
there), a value for the integral in ( 10) may be found.4 

2 f 
wI(w)dw = — K2. 

11" 0 

Thus: 

W(t) I K21. 

That this bound is the best possible linear one which 
passes through the origin can be shown by applying the 
initial value theorem to the derivative of W(t). 

dW 
hm — = lim s2Z(s) = K2; 

dl  

therefore W(t) is tangent to K2t at the origin. This com-
pletes the proof. 
The fourth theorem states that when the system func-

tion has a simple zero at the origin and has a never-
negative real part on the real-frequency axis, the cor-
responding unit ramp response, B(t), will never be less 

than zero nor greater than 2k1. This unit ramp function 
is defined as being zero for negative values of time, 1, 
and equal to t for positive values of time. Fig. 4 il-



326 PROCEEDINGS OF THE IRE March 

lustrates the restricted regions of the hypothesis and 
conclusion while the example is obtained from a system 
function having two poles at s= — 1 +jl and a zero at 
the origin. 

Theorem 4 

If Z(s) is such that r = 0 and R(w) ≥ O for all co, then 

0 5 B(t) 21zi. 
Similarly, the last theorem states that, when the sys-

tem function has a double zero at the origin and its 
imaginary part is never-negative along the positive real-
frequency axis, the corresponding unit parabolic re-
sponse, C(t), will never be less than zero nor greater 
than 4k2. The unit parabolic function is defined as being 
zero for negative values of time, t, and equal to t2 for 
positive values of time. Again these restricted regions 
on I(co) and C(t) are shown in Fig. 5. The example is ob-
tained from a system function having two poles at 
s = 1 +jl and a double zero at the origin. 
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Fig. 5—Prohibited regions of Theorem 5. (a) The region from which 
/(w) is excluded by the hypothesis of Theorem 5. (b) The regions 
into which the corresponding C(t) cannot enter. 

Theorem 5 

If Z(s) is such that r=k2=0 and I(w) k 0 for 0 5 co, 
then 0 ≤ C(t) ≤ 41C2. 
Theorem 4 can be obtained from Theorem 3 of ref-

erence 6 by considering Z(s)/s as the system function. 
In this case, —(R(co)/co) replaces /(w): ki replaces r; 
and B(t) replaces A(t). Similarly, Theorem 5 can be 
obtained from the same theorem of reference 6 by 

considering 2(Z(s)/s2 as the system function and letting 
—2(/(co)/w2) replace 1(w), 2k2 replace r, and C(t) replace 
A(t). This process of finding bounds on responses to 
inputs of the form t" for system functions with multiple 
zeros of nth order at the origin cannot be continued, 
for neither R(co) nor I(co) can be never-negative or 
never-positive for these higher order cases where 
r = ki= k2= O. On the other hand, the examples given 
for each theorem demonstrate that the conditions of 
these theorems are realizable. To show that the bounds 
of these last two theorems are the best possible constant 
ones, one need only consider an R(w) or I(co) which is a 
very narrow pulse at some positive and negative value 
of co and zero elsewhere. Corresponding responses will 
approach their bounds at overshoots and undershoots. 

CONCLUSION 

The results of this paper demonstrate the possibility 
of reflecting bounds which might occur on the responses 
of systems in the frequency domain into bounds which 
hold on their responses in the time domain. These 
effects may be interpreted as practical limitations on 
the rise times or overshoots of the responses of general 
types of networks. 

APPENDIX 

A(t) The response to a unit step function applied 
at time, t = 0. 

B(t) The response to the input function, t, applied 
at time, 1= 0. 

C The reciprocal of the coefficient of 1/s in the 
power-series expansion of Z(s). 

C(t) The response to the input function, t2, ap-
plied at time, t = 0. 

G(t) The first term in (2). 
H(t) The second term in expression (2). 
I(co) The imaginary part of a system function for 

real frequencies. 
J(t) The first term in (8). 
K The constant term in the inverse power-series 

expansion of Z(s). 
The coefficient of 1/s2 in the inverse power 
series expansion of Z(s). 

k1 The coefficient of s in the power-series ex-
pansion of Z(s). 

k2 The coefficient of s2 in the power-series ex-
pansion of Z(s). 

L(t) The second term in (8). 
R(w) The real part of a system function for real 

frequencies. 
R.(co) Rectangular pulse function defined by (4). 

r The constant term in the power-series ex-
pansion of Z(s). 

Si(cut) fet(sin x/x)dx. 
s A complex variable. 

W(t) The response to a unit impulse function ap-
plied at time, 1=0. 

co (21r) (frequency) = angular frequency. 
Z(s) A system function. 

K2 
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Magnetic Focusing of Electron Beams* 
J. T. MENDELt, ASSOCIATE, IRE 

Summary—Electron trajectories for a pencil beam are studied for 
both uniform and periodic magnetic fields. General equations are 
given which apply to shielded and unshielded cathodes and all in-
termediate cases. The balance conditions which yield minimum 
ripple solutions are presented as a function of magnetic field. It is 
shown that these conditions require that considerable magnetic flux 
thread the cathode for magnetic fields in excess of the Brillouin 

value 

INTRODUCTION 

r1 i HE DYNAMICS of an electron beam guided by 
an axial field is well known, and in particular 
several special cases have been studied in great 

detail. Probably the most familiar amongst these spe-
cial cases is "Brillouin" focusing for which the cathode 
is completely shielded from the magnetic field.' A 
pseudo-type of Brillouin focusing in which a periodic 
magnetic field was employed has recently been de-
scribed in the literature.2.8 Some work has also been 
done on "confined" systems in which the cathode is im-
mersed in a long uniform magnetic field. 

It is the purpose of this paper to show the simple re-
lationship which exists between these various systems, 
and several new systems which have not been discussed 
heretofore in the literature. Considered here for the first 
time are cases intermediate between a completely 
shielded and an unshielded cathode both for uniform 
and periodic magnetic fields. The optimum conditions 
of operation are derived and simple expressions for the 
electron trajectories are given. A semi-shielded cathode 
possesses the advantage of inhibiting the spread of the 
beam in the gun region due to thermal velocities while 
still retaining some of the magnetic efficiency of com-
plete shielding. For a periodic system the weight-saving 
feature of alternately poled permanent magnets can be 
realized while the low noise properties of a "confined" 
system are presumably retained. 

DYNAMICS 

In the general case of an unshielded cathode, where 
an arbitrary amount of magnetic flux is allowed to 
thread the electron beam, Bush's theorem becomes 

à = (N2 — NO; 
2.2-r2 

(1) 

* Original manuscript received by the IRE, October 20, 1954: 
revised manuscript received December 31, 1954. 

Bell Telephone Labs, Inc., Murray Hill, N. J. 
C. C. Wang, "Electron beams in symmetric fields," PROC. 

I.R.E., vol. 38, pp. 135-147; February, 1950. 
J. T. Mendel, C. F. Quate, and W. H. Yocum, "Electron beam 

focusing with periodic permanent magnets," PROC. I.R.E., vol. 42, 
pp. 800-810; May, 1954. 

3 A. M. Clogston and H. Heffner, "Focusing of an electron beam 
by periodic fields," Jour. Appl. Phys., vol. 25, pp. 436-447: April, 
1954. 

where Ns = Brr2, NI =Berc2, B is the longitudinal mag-
netic field at r, Bo is the longitudinal magnetic field at 
the cathode, and rc is the radius of the electron beam as 
it leaves the cathode. It is assumed that the initial é is 
zero (at the cathode) and that there is no radial varia-
tion of the magnetic field. 
Combining the three forces (magnetic, centrifugal, 

and space-charge repulsion) acting on an edge electron 
of a round beam in an axially symmetrical magnetic 
field, one obtains 

r (--2) r (2-2Be2) (1 4 
(It' 4 4 r ro2w„2 2r 

er • n2B 

where 

rip 

(..{.4 2 = - • 

E 

P —   
N/2nvorro2 

= e; (2) 

and ro is the reference radius from which p is calculated 
(see Fig. 1). 

MAGNETIC FIELD 

CATHODE 

Fig. 1—Schematic diagram of the beam (ro generally, but not 
necessarily, equals r„,io from the gun). 

Note that (2) is quite general and makes no assump-
tions as to variation of the longitudinal magnetic field. 
As a practical matter most electron guns (for travel-

ing-wave tubes) are convergent, which leads to r, 
(cathode radius) being larger than ro, the reference 
radius of the beam. However, there is no loss of general-
ity if rc is set equal to ro, since Bo can still be adjusted at 
will. It is only the product Bcrc2 which is significant, so 
either may be fixed. Letting re = ro, (2) becomes 

n213) ro4 n2,13.2 \ ro2 
r r —2) = (.. 

4 9.2 4 ) r 2 

Further simplification results from letting r/rn: 

n2B2\ 1 n'Bo2\ 1 (0,2\ = 0. (3) 

4 y 2 

This is a non-linear differential equation about which 
little is known unless certain restrictions are imposed on 
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the variable. Since we are interested primarily in stable 
electron beams the important solutions occur when y is 
close to unity. Therefore, let y=1+&. For 8«1, 

1 

(1 + 0) 3 
and 

1 

(1 + 8) 

Eq. (3) becomes 

1 — 30, 

1 — S. 

in2B2 ± 3n2Bc2 + ,A,,,2\ & 

4 4 2 ) 

772/32 cop2 n2/3,21_ I 

4 
  = 0. (4) 

For magnetic fields which have a uniform region Bo, the 
following notation can be used: 

WL — _ g ri o 

K = = Pf . Bo N2 

Substituting the above, 

;5. + [(02(1 + 3K) + w2P1 

2 
[WL2(1 — K) — 0. 

2 
(5) 

Here K is just the square of the fractional percentage of 
the flux threading the cathode. For complete shielding 
of cathode (Brillouin focusing) K =0. For no shielding 
at all (confined flow) K = 1. The solution of (5) is 

o = C1 sin [wL2(1 ± 3K) + (.0921 1/21 

2 

where 

and 

+ C2 cos 
[4.00 4. 3K) + (0,211/21 

2 

cop 
[02(1 — K) — 

[01,2(1 ± 3K) -I-
2 

dó 
—dt (0) 

(6) 

C1 =   (7) 

H 2(1 + 3K) ± 1 1/2 
2 

[WL2(1 — K) — (2212 

C2 = 0(0) + 
(Op2 

[WL2(1 — 3K) + 
2 

(8) 

OF THE IRE March 

Arbitrarily we can say that the beginning of the uniform 
magnetic field occurs when t = 0. 

In most practical cases it is desirable to keep the 
perturbations of the beam edge to a minimum. To ac-
complish this several alternatives avail themselves. If 
we let ch5/dt = 0 at t = 0 (start the beam parallel in the 
uniform field) then CI = 0. If we further stipulate that 
at t =0, 8 = 0; that is, at the beginning of the uniform 
field r = ro, then the minimum ripple solution is ob-
tained when 

or 

and 

[WL2(1 — K) — 

= 0, 2 
[WL2(1 31C)p-- - 

Olp2 
WL2(1 — K) — — = 0, 

2 

K = 1 

(cop 

2 

COL2 

For Brillouin-type focusing, 

(wL2) (—uP) 
2 

and K=0. In practice it is generally necessary to in-
crease the magnetic field above the Brillouin value by at 
least a factor of 1.5 to take care of transverse thermal 
velocities and lens aberrations. For coL = 1.5 coLarnioui., 

K = 0.55 = (Bcy 
Bo) 

B, = 0.75 Bo, 

or 75 per cent of the flux should thread the cathode for 
a minimum ripple solution if the magnetic field is in-
creased 50 per cent above the Brillouin value. For higher 
magnetic fields this percentage goes up. For the case of 
larger magnetic fields it should be noted that the ripple 
due to a finite input derivative is less [see ( 7)]. 

If we remove the requirement that 0=0 at t= 0, then 
referring to (8) we can make the constant Ct = 0 if 

[wL2(1 — K) — 
2 

8(0) = 

[01,2(1 ± 3K) + 
2 

That is, we start the beam in the uniform field at a 
radius smaller than ro (assuming a field greater than 
Brillouin) and completely shield the cathode. This 
brings us right back to Brillouin flow with a smaller 
beam radius. It is argued (by some people) that this is a 
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better approach since it yields a smaller diameter beam 
which presumably will go through a smaller diameter 
tube. In a highly convergent system this cannot always 
be done since here there are limits beyond which it is 
impossible to reduce the size of the beam. Also, control-
ling the beam in this way (reducing the diameter to 
compensate for the increased magnetic field) leads to a 
nonuniform current distribution over the cross section 
and larger space-charge forces. 
By the simple adjustment of the parameter K the 

previous equations can be made to describe all uniform 
systems lying between complete shielding and complete 
immersion of the cathode in the magnetic field. Thus the 
comparison of particular cases is greatly simplified. 
The periodic counterpart of uniform Brillouin focus-

ing has already been shown in the literature," but as 
yet periodic focusing with flux threading the cathode 
has not been treated. It would seem desirable to de-
velop this in the above manner using the parameter K. 

CATHODE 

CE1 CE1 CEI IS3 fE:l 

BEAM 

r2Z.1 CE3 

'-- PERIODIC MAGNETIC LENSES 

Fig. 2—Schematic diagram of the beam in a periodic magnetic field. 
Here L equals tyt ice the distance between lens centers. 

PERIODIC FIELDS 

For sinusoidally varying fields let B = Bo cos x (longi-
tudinal field) where x = cot and to = 2ruo/ L, coL=1/2nBo, 
as in Fig. 2. Rewriting (4) with a periodic field, we have 

+ (2 
—wL (1 + COS 2x) ± 3KcoL2 
2 2 

, COL2 (Op2 

cos Z — — — KWL1 = O. 
2 2 

Substituting 

and 

a = 

(120 d2(3 = 0,2 
dt2 dx2 

— — magnetic field parameter 
co 2 

1 (wL, 2 

1 (co 2 

13 = — — space charge parameter, Cd 2 , 

(3" ± [a(1 -I- cos 2x) + 6aK + ma 
± [a(1 + cos 2x) — # — 2Ka] = 0, 

(9) 

(10) 

where the primes indicate differentiation with respect to 
x. Eq. ( 10) is readily solved if the term (a cos 2x)8 is 
dropped. Such an approximation can be justified by 
comparison to an exact solution obtained from the 
analog computer, and by physical arguments. Since we 

are restricting ourselves to cases where the flux threads, 
the cathode, K will be of the order of 1/2 in most practi-
cal cases. Consequently we are ignoring only about 20 
per cent of the second term of ( 10). With this approxi-
mation we can write 

= C1 cos (a 6aK 13)"2x + C2 sin (a + 6aK micx 
+ 2Ka a a cos 2x 

(11) 
(a + 6aK + fi) 4 — (a + 6aK + fl) 

To minimize beam ripple let 

e + 2Ka — a = 
a— fi 

K =   (12) 
2« 

For a = (periodic Brillouin flow), K will be zero and 
the cathode completely shielded. For a (magnetic field) 
far in excess of the Brillouin value K approaches 1/2, 
or 70 per cent of the peak, magnetic field should thread 
the cathode for minimum ripple. If the balance condi-
tions of ( 12) are maintained, ( 11) becomes 

= C1 cos (40£ — 2#)1/2x C2 sin (4« — 2#) 1/2x 

a cos 2x 

4 — (4« — 2e) 
If 

then C1=0 and 

a 
b(0) —   

4 — (4a — 20) 112 

S' (0) 
C2 =   

(4a — 20) 

(13) 

For the above conditions, 

e(0) a cos 2x 
=  sin (4a 20) "nx   ; (14) 

(4« — 20)" 4 — (4« — 20) 

V(0) is the initial derivative of the beam profile as it 
enters the peak of the periodic field. In more familiar 
terms 

L dr 

8") = —2Tro —dz  (0). 

In practice the first term of ( 14) generally predomi-
nates, so to obtain a smooth beam it behooves one to 
pay close attention to the problem of starting the beam 

out parallel. 

BEAM STABILITY 

The approximate forms of (3) are intended to serve 
only as a guide to the magnitude and period of the small 
ripple solutions and are not intended as criteria of sta-
bility. The power series expansion of 1/3/3 and 1/y as-
sumed values of y close to unity, and therefore the 
equations in ô are suspect even before regions of in-
stability are approached. It is necessary to locate the 
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unstable regions (divergent flow) from (3) (with B = Bo 
cos x) since this equation contains no assumptions con-
cerning the value of y. Thus we have 

2aK e 
y" + a(1 ± cos 2x)y — — — — = 0. (15) 

ys Y 

The first two terms of ( 15) comprise a form of Mathieu's 
equation which has received extensive treatment in the 
literature.2•2 It was found experimentally2 and with the 
analog computer that the term —,3/y does not seem to 
alter the location of the first stop band (unstable re-
gion) which seems to be wholly dependent upon a. One 
could further argue that in view of the above, the term 
— (2aK/y2) would contribute negligibly to the stability 
of the solution. Judging from the computer solutions for 
a variety of conditions this indeed seems to be the case. 
To predict behavior in the higher order pass and stop 
bands one must be more circumspect since both — (B/y) 
and — (2aK/y3) contribute singularities at y =0 which 
are absent in Mathieu's equation. It could be argued 
that the —(¡3/y) term is not actually a singularity in a 
physical situation because one can never obtain a point 
focus of an electron beam. However, the — (2aK/y3) 
term is a real singularity regardless of the aberrations in 
the system. As long as some flux threads the cathode no 
electrons can cross the axis (this can be seen from simple 
energy considerations). Just how this effects the higher 
order pass bands is not known. The experimental re-
sults of the shielded gun case (K=0) indicate that the 
higher order pass and stop bands are not significantly 
different from those of Mathieu's equation alone. 
There seems to be no simple way of including the 1/y 

and 1/y8 terms in a stability criterion, which gives 
further inducement for the above assumptions. 

COMPARISON OF THE SHIELDED AND 
UNSHIELDED CASES 

It is difficult to classify categorically one system as 
superior to another unless a specific application was the 
basis for comparison. One can, however, enumerate sev-
eral advantages of both systems. 

Shielded Cathode 

1. A shielded cathode will focus the greatest 
amount of space charge with a given magnetic 
field. 

2. Only electrostatic forces exist in the cathode-
anode region since the gun is shielded from the 
magnetic field. 

3. With a fixed period of magnetic field a greater 
amount of space charge can be focused in the first 
pass band. 

Unshielded Cathode 

1. A balance condition with respect to the various 
forces acting on the beam can be maintained re-

gardless of how much the magnetic field is varied 
merely by altering the flux threading the cathode. 
This means that magnetic fields far in excess of the 
Brillouin value can be employed while still main-
taining a minimum ripple solution. This may be 
advantageous in a low-noise device. 

2. In some instances it may be easier to construct an 
unshielded gun since the proximity of the cathode 
to the magnetic circuit is not so critical. (In the 
shielded case the magnets must begin at the beam 
minimum which is generally close to the cathode). 
Also no magnetic materials such as shield cans 
need be used near the gun. 

3. Thermal spread is inhibited in the gun region. 

SQUARE-WAVE MAGNETIC FIELDS 

The necessity of getting the rf energy on and off a 
traveling-wave tube focused with periodic magnetic 
fields creates serious electrical problems, especially 
when the period is quite small. Any disturbance of the 
magnetic field strength or period is likely to initiate a 
large ripple on the beam. Therefore, it is desirable to 
incorporate the waveguide or other matching system 
within the periodic structure. If the individual lenses 
are shorter than the waveguide width then sometning 
must be done to either the matching section or the mag-
netic structure. To obviate the necessity of making 
these changes (which are difficult) it has been suggested 
that a long period be used where the magnetic field is 
made to approximate a square wave rather than a 
sinusoid. 

Fig. 3—The variation of magnetic field with distance along the axis 
for a peaked square-wave system. 

B 2 

Fig. 4—The variation of magnetic focusing forte with distance 
(since force is proportional to LP). 

In order to circumvent the disturbance experienced 
by an electron in going between two lenses, J. R. Pierce 
has proposed peaking the field in the manner shown in 
Figs. 3 and 4. As can be seen from (3), it is the square of 
the magnetic field which determines the inward focusing 
force on the electrons. If the peaking of the magnetic 
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field is properly adjusted the average impulse that an 
electron receives in crossing a transition between two 
lenses can be made zero. That is, 

132 < average > = Bo' 

For this condition one might expect an electron to trav-
erse the transition with a minimum disturbance. 

If in addition to the above requirement the peaks and 
troughs of Fig. 4 are adjusted so that the fundamental 
Fourier component is absent, then the lowest order stop 
band will have been eliminated. In principle this argu-
ment can be extended to the second, third, and higher 
harmonics. As demonstrated by Pipes4 for any periodic 
waveform of the form in Fig. 4, the first unstable region 
of Hill's equation occurs when the natural period of the 
wave solution is twice the period of the lowest order 
harmonic of the square of the magnetic field as shown in 
Fig. 5. We are again assuming that the terms in 1/y and 
1/y3 do not materially alter the stability criterion. 

B2 

NATURAL RIPPLE 

e2 OF BEAM EDGE 

  X 

Fig. 5—The conditions for the first unstable region, where the 
ripple period equals twice the period of B 2. 

The process of limiting the harmonic content of the 
magnetic field and thereby removing stop bands has 
certain physical limitations in that the resulting wave 
shape must be producible with a physical structure. Cut-
and-try procedures based on the above indicate that the 
best structure seems to be one in which the transition is 
made as short as possible and the impulse made to be 
zero. Any further refinement seems to complicate the 
system disproportionately. 

Traveling-wave tubes are relatively short in terms of 
the number of magnetic lenses necessary to focus the 
beam. If the operation is such that the beam radius is 
diverging exponentially, it may not appreciably effect 
the current transmission if the divergence is slow 
enough. Thus a stop band does not always imply no 
transmission. Many uniform solenoids have small 
periodic perturbations of field strength which in theory 
produce stop bands although these are not detected by 
observing percentage transmission of beam current. 

In order to obtain quantitative measurements, (3) 
with a B of the form shown in Fig. 3 was solved on the 
analog computer for various magnitudes of B and Bo 
(field strength at the cathode). The particular form of B 
was chosen because it resembled a physical structure 
under investigation. 

4 L. A. Pipes, "Matrix solution of equations of the Mathieu-Hill 
type," Jour. ANA. Phys., vol. 24, pp. 902-910; July, 1953. 

J. W. Sullivan of these Laboratories, during the course 
of his investigations of focusing a low noise traveling-
wave tube, analyzed the above wave in terms of its 
Fourier expansion. The results are given in Fig. 6. Al-
though the first and third harmonics are present to some 
extent the instability was associated with the fourth 
harmonic (that is, the period of the beam profile just 
prior to the unstable point was approximately twice 
that of the fourth harmonic). This is not unusual since 
the amplitude of the fourth harmonic is quite large com-
pared to the rest. There are two explanations for the 
apparent absence of instability for the first and third 
harmonics. First, the width of a stop band is propor-
tional to the amplitude of the corresponding sinusoidal 
component in the magnetic field. The width may have 
been so small we inadvertently missed it. Second, the 
degree of divergence (the rate of growth of the beam 
profile) is also proportional to the magnitude of the 
sinusoidal component, and because this was small for 
the first and third harmonics, they might have gone un-
detected since only about 10 periods were followed on 
the computer (for the case studied this represents a 
length of travel for the beam greater than any practical 
traveling-wave tube). 

An 

3 4 5 6 7 8 [9i 
Fig. 6—Fourier components of the peaked magnetic field 

B=Bo+EAn cos nx. 

CONCLUSION 

To summarize it can be said that some of the fore-
going relationships appeared as somewhat of a surprise 
to the author. The fact that the balance conditions re-
quire a high percentage of flux threading the cathode 
for a relatively small increase in magnetic field above 
the Brillouin value is not generally known. For these 
conditions it is possible in principle to obtain a beam 
with a more uniform current density and smaller per-
turbations of the beam edge than is the case for Bril-
louin focusing. The presence of some magnetic field at 
the cathode tends to inhibit the motion due to thermal 
velocities and therefore can be very useful especially 
with high-density beams. It is interesting that these 
principles hold equally well for uniform or periodic fields. 
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The Mitron An Interdigital Voltage-
Tunable Magnetron* 

J. A. BOYDt, MEMBER, IRE 

Summary—This paper describes a voltage-tunable magnetron 
which can be electronically tuned in the frequency range 1,500 to 
3,500 mc. This tube delivers a useful power output of approximately 
200 mw and, when used as a local oscillator in a microwave re-
ceiver, gives a noise figure 3 db greater than is obtained when a 
reflex klystron is used with the sanie receiver. It is shown that 
temperature-limited operation of the cathode is necessary for co-
herent operation of the tube and that the operating voltage is greater 
than that predicted by the Hartree relation. The relation of tube op-
eration and circuit parameters is discussed. 

INTRODUCTION 

THIS PAPER describes the design, construction 
and operation of a microwave generator that can 
be used in many of the applications where elec-

tronically-tunable power is needed. This generator con-
sists of an external-cavity interdigital magnetron, 
which has been called a mitron, and its associated 
cavity structure. The mitron can be electronically 
tuned in the frequency range of 1,500 to 3,500 mc and 
delivers a useful power output in the order of 200 mw. 
The frequency of operation of the mitron can be 

made dependent on the anode potential for certain 
operating conditions. This mode of operation has been 
called "voltage tuning," and is defined here as the varia-
tion in the frequency of the output signal from a mag-
netron as the anode potential is varied (when the dc 
anode current, magnetic field, and load impedance are 
maintained constant).' Voltage-tuning was first ob-
served by P. H. Peters and D. A. Wilbur.2 Using con-
ventional power magnetrons with special low-Q or 
nonresonant circuits, they obtained voltage-tuning in 
the frequency range 500 to 1,000 mc. Dr. J. S. Needle3 
obtained voltage-tuning in the frequency range of 2,000 
to 3,000 mc, using a bar-and-vane type magnetron 
structure. The power output from this tube was in the 
order of 10 to 30 microwatts of coherent signal power. 

Significant results which are discussed in this paper 
are: ( 1) the operation of voltage-tunable magnetrons, 
with useful power output, has been obtained in the 
frequency range 1,500 to 3,500 mc, as compared to the 
500 to 1,000 mc range at the General Electric Company; 

* Original manuscript received by the IRE, September 22, 1954; 
revised manuscript received, December 9, 1954. This work was sup-
ported in part by the U. S. Army Signal Corps. 
t Dept. Elec. Engrg., Univ. of Michigan, Ann Arbor, Mich. 
' H. W. Welch, Jr., "Prediction of traveling-wave magnetron 

frequency characteristics: frequency pushing and voltage tuning," 
PROC. I.R.E., vol. 41, pp. 1631-1653; November, 1953. 

2 D. A. Wilbur, R. B. Nelson, P. H. Peters, A. J. King, and L. R. 
Koller, "C. W. Magnetron Research," Final Rept., Contract No. 
2-36-039 sc32279, Res. Lab., Gen. Elec. Co.; April, 1950. 

J. S. Needle, "The Insertion Magnetron," Univ. of Michigan 
Electron Tube Lab. Tech. Rep. No. 11: August, 1951. 

(2) much higher power has been obtained than was ob-
tained by Needle; (3) much data have been obtained 
which contribute to knowledge of the operation of 
voltage-tunable magnetrons. 

DESIGN OF MITRON AND CAVITY 

Design of Cavity 

In the design of this magnetron and its cavity, two 
factors were considered essential if a satisfactory 
voltage-tunable magnetron was to be developed. These 
factors were: ( 1) low anode-to-anode capacitance; and 
(2) A high-impedance external cavity, the impedance 
being a slowly varying function of frequency (by high 
impedance, we mean in the order of 100 ohms). 
The interdigital anode structure is adaptable to 

mounting in a waveguide structure and was selected for 
this reason. It also has wide-range tuning possibilities 
and is mechanically simple. 
The ridge waveguide offers a possibility for increasing 

the circuit impedance over that of a rectangular wave-
guide for a given spacing between anode supports. The 
ridge waveguide is characterized by its lowered cut-off 
frequency and lowered impedance (compared with a 
rectangular guide of equal dimensions), and by a wide 
bandwidth free from higher-mode interference. 
A section of standard S-band rectangular waveguide 

was used with a ridge 0.84 inch high and 1.0 inch 
wide. This structure has a characteristic impedance 
at infinite frequency of 160 ohms and a cut-off fre-
quency of 1,250 mc. Since it is desirable to have a 
coaxial output from the mitron, a tapered-ridge wave-
guide-to-coaxial-line junction was used to terminate 
each end of the ridge waveguide. This arrangement is 
shown in Fig. 1, facing page. Junctions used are based 
on a design given by Cohn.4 They have an upper cutoff 
frequency of approximately 4,800 mc; therefore, when 
used with a ridge waveguide give a very wide-band 
structure. 

Design of Mitron 

The Interaction Space: In the design of the interaction 
space for the mitron, there were two factors, the anode-
to-anode capacitance and the shape of the anode bars, 
which were considered to be critical to voltage-tunable 
operation. Thus, in addition to the usual consideration 
of current, voltage, frequency, magnetic field and in-

Radio Research Laboratory Staff. Harvard University, "Very 
High Frequency Techniques," vol. II, McGraw-Hill Book Co., Inc., 
New York, N. Y.; 1947. 
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Fig. 1—Dual output cavity for mitron. 

teraction space dimensions, special attention was given 
to these two parameters. 

Hu116 has suggested that the operation of a typical 
magnetron can be improved by redesigning the inter-
action space to reduce the higher order space (or Har-
tree) harmonics of the rf field. On the basis of these 
considerations, and the fact that round anode bars give 
less anode-to-anode capacitance, it was decided to use 
round anode bars in the design of the mitron. 

Listed below are the values of the parameters which 
resulted from the design of the interaction space. 

f = 3,000 mc (chosen to suit available test equip-
ment) 

P i= 50 watts 
4=0.050 ampere (required to satisfy the maxi-

mum power demand at an anode voltage of 
1,000 volts) 

N=12 (number of anode bars, based on existing 
magnetrons) 

?Yr.-- 0.75 
4=0.030 inch (diameter of anode bars) 
r0=0.205 inch (determined by size of molybdenum 

J. F. Hull, "Analysis of a Magnetron Interaction Space for 
Elimination of Hartree Harmonics," Memo. Rep., SCCSCL-RTB2, 
Proj. 322A, Evans Signal Lab.; January, 1951. 

rod available, and anode radius of existing 
magnetrons) 

L=0.150 inch (length of emitting surface on 
cathode required to satisfy maximum power 
requirements with a safety factor of two) 

/, = 0.290 inch (overlap length of anode bars; 
chosen to allow for length of emitting portion 
of cathode and end hats) 

E0-= 250 volts 
B0=550 gauss 
C, = 0.9 µµf (anode-to-anode capacitance, no cathode 

present). 

The Magnetic Circuit: In the design of the magnetic 
circuit there were two factors which were considered 
to be important to the successful operation of the tube: 
(1) that the magnetic field be as nearly uniform as pos-
sible throughout the interaction space, and (2) that 

relatively high fields, in the order of 3,000 gauss, be 
obtained without unreasonable requirements for an elec-
tromagnet. Fig. 2 (next page) shows the mitron with 
an oxide-coated cathode in place. As indicated, the 
iron pole pieces (part 1) serve as anode supports. The 

molybdenum anode rods are brazed onto the pole 
pieces. Parts 2 and 3 are made of Kovar to facilitate 
making the glass seals as indicated. 
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Fig. 2— Mitron. 

PERFORMANCE OF THE MITRON 

Several types of cathodes have been used in the 
mitron; namely, oxide-coated, thoriated tungsten, 
tungsten, and a button cathode. Results of this investi-
gation indicate, as expected, that the pure tungsten 
cathode is most satisfactory for use in the mitron. The 
first tube constructed used an oxide-coated cathode. 
This tube could not be operated cw because backheating 
prevented control of the cathode temperature required 
for coherent operation of the tube. The thoriated tung-
sten cathode made possible the cw operation of the 
tubes but was more sensitive to backheating than the 
pure tungsten cathode. The tube using a button cathode 
could only be operated under pulsed conditions because 
of the backheating of the cathode. For coherent opera-
tion of the tube, it was necessary to operate the cathode 
under temperature-limited conditions. 

Typical data from a mitron which used a tungsten 
cathode are presented. This tube was tested under 
dynamic operating conditions. Results are shown in 
Figs. 3 and 4 (opposite). The conditions of operation are 
indicated on the figures. A 60-cycle voltage was super-
imposed upon the dc anode potential, giving an anode-
voltage swing of 900 volts. Filament power was supplied 
from a battery to eliminate the frequency modulation 
caused by the variation of the magnetic field which is 
produced by an ac heater current. Fig. 3 shows the 
variation of the frequency with the anode voltage. 

In addition to the voltage-tunable mode indicated 
in Fig. 3, there were two other modes which were very 
weak, but still detectable over portions of the voltage 
range. One of these modes tuned from 2,845 mc at 2,100 v 
to 3,170 mc at 2,300 v; the second tuned from 4,080 mc at 
2,050 v to 4,370 mc at 2,200 v. In the voltage range 2,350 
to 2,850 only the main mode was present. Under certain 
conditions of operation, there are discontinuities in the 
operation of the main mode. These discontinuities in the 
operation are detectable in either the power output or 
anode current curves. Frequency deviations of 400 to 
600 mc can be obtained with no difficulty in maintaining 
continuous operation; for frequency deviations of the 
order of 800 to 1,000 mc, the adjustment of the cathode 
temperature becomes more critical. 
With the modulation voltage reduced to 450 y peak-

to-peak, the frequency of operation could be shifted as 
much as 50 mc by varying the filament heater current 

and still maintain coherent operation over the voltage 
range. An increase in cathode temperature decreases 
the frequency of oscillation. The tube seemed to operate 
best at, or near, the lowest cathode temperature. 

For cw operating conditions, it was possible to vary 
the filament current from 8.9 to 9.3 amperes and still 
maintain a coherent signal output. The power output 
varied from 52 mw at an anode current of 5 ma to 350 
mw at an anode current of 18.75 ma. The corresponding 
frequency variation was from 2,450 mc to 2,320 mc. 

Fig. 4 shows the variation in power output and anode 
current with the anode voltage. The frequency range 
in Fig. 4 is approximately 900 mc (as shown in Fig. 3) 
and the peak power is of the order of 550 mw. Fig. 4 
shows the variation of anode current with anode volt-
age, the average current being approximately 12 ma. It 
should be noted that there are no discontinuities in the 
operation and it was determined that the tube was 
oscillating coherently throughout the range. The de-
crease in the power output in the right (high frequency) 
side of Fig. 4(a) is due to the loading resulting from the 
cathode circuit at that frequency. 

This tube was operated with battery supplies for the 
filament and anode, and a regulated power supply for 
the electromagnet. Under these conditions, the output 
signal (as observed on a spectrum analyzer) was stable; 
no jitter was present in cw operation. The output could 
be tuned over several hundred mc without readjusting 
the cathode temperature. 

Satisfactory operation was obtained with anode 
voltages as low as 800 y and frequencies in the order 
of 2,000 mc. Under these conditions the output power 
was reduced, but the signal was stable and relatively 
free of noise. 

A modification was made in the cathode helix so that 
the resonance between the helix and the coaxial filament 
lead was outside the frequency range of tube operation. 
Typical data from tubes using this cathode are shown 
in Fig. 5 (facing page). There, the frequency was varied 
from 2,190 mc to 3,330 mc, by applying a sine wave 
modulating voltage with an amplitude of 530 y peak-to-
peak. The power output at the center of the range was 
185 mw. It was determined that the tube was oscillating 
coherently throughout the range; there were no dis-
continuities in operation, and only one mode of opera-
tion was detectable. 
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Fig. 3—Frequency vs anode potential. 

An electronic controller has been used to maintain 
the dc anode current constant by controlling the fila-
ment power. This arrangement makes it possible to 
iiperate the mitron cw in the frequency range indicated 
in Fig. 5 without requiring manual readjustment of 
parameters other than anode potential. The tubes have 
been operated with permanent magnets, dc filament 
supply, and voltage regulated anode supply; under 

sec MW 

1900 (a) 

Po vs t I vs E 
1, 

Fig. 4—Power and current characteristics. 
B = 4,510 gauss Ea.= 2,400 volts 

E.,.=900 volts I„ •••• 12 ma. 
peak-to-peak 

2.7 2.8 2.9 3.0 

these conditions the output signal is stable. The output 
is sensitive to mismatches in the rf circuit, in some 
cases causing spurious oscillations and discontinuities 
in operation to occur. With a well-matched circuit, a 
single mode of operation is obtained with no discon-
tinuities. 
The mitron has been used as the local oscillator of a 

microwave receiver. The noise figure of the receiver 
(which consisted of a wide-band crystal mixer, a 30 mc 
IF amplifier with a 3 db bandwidth of 2 mc, and a de-

2190 MC 3330 MC 

Fig. 5—Power vs frequency characteristics. 
B = 2,200 gauss E..=530 volts 

peak to peak 
E‘k = 1,425 volts I,, =13.6 ma. 
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tector) was measured, using first the mitron and then 
a reflex klystron as the local oscillator. When a klystron 
was used as the local oscillator a noise figure of 8.5 db 
was obtained. When the mitron was used as the local 
oscillator, noise figures of 10.5 to 12.5 db were obtained. 
These variations in the noise figure have been attributed 
to variations in the anode current. The noise figure 
obtained with the mitron was sensitive to the anode 
current; a change in the anode current of 0.3 ma from 
the optimum caused an increase of 6 db in the noise 
figure. Measurements have been made in the frequency 
range 2,600 to 3,000 mc. The noise figure obtained with 
the mitron does not change much with frequency. 

EFFECTS OF CIRCUIT DESIGN ON PERFORMANCE 

The power output of the mitron has been shown to be 
very closely related to the total shunt impedance of the 
rf circuit, the power being a minimum when the shunt 
impedance is a minimum. With a wide-band nonreso-
nant circuit, the peak power output was in the order of 
500 mw; however, when the shunt impedance of the rf 
circuit was increased by shorting one end of the cavity, 
power output of 4 w was obtained. Under these condi-
tions the frequency of the output signal could be varied 
by as much as 200 mc by varying the anode voltage. 

Fig. 6 shows an approximate equivalent circuit for 
the mitron and its associated cavity. Fig. 6(a) is a first 
approximation in which the various elements are de-
fined as follows: I, is a current generator representing 
the rf current induced in the circuit by the space charge. 
O is the phase angle between the rf voltage and rf cur-
rent, the relation being 

I Yr 119 = 
0 

Ed 

where I, and Ed are rms values, O being defined so that 
it is negative for a lagging current. 

C„ is the total capacitance between anode sets, equal 
to approximately 1 if. 

L„ is the equivalent inductance of the anode bars 
between the interaction space and the anode sup-
ports, equal to approximately 130 µA. 

X c is the impedance of the coaxial line formed by the 
cathode support and the pole piece looking out 
from the cathode; its value given approximately by 

27r1 
X c — :go, cot —  1 

X 

(1) 

where 

Zo, = 28.5 ohms (characteristic impedance of the line) 
1= length of the line. 
X = wavelength. 

This assumes losses in the line, and losses due to radiation 
from extension of the center conductor, to be negligible. 

C1 and C2 are the capacitances between end hats and 
respective anode sets. 

Gt is the equivalent conductance representing the 
losses in the waveguide portion of the structure. 

Z1 is the rf impedance of cathode surface between end 
hats. 

Z2 is the rf impedance of the coaxial line formed by the 
filament leads. 

T1 and T2 represent the waveguide-to-coaxial junc-
tions, assumed to be ideal transformers. 

Z11 and Z12 are the external loads connected to the 
coaxial output terminals. 

(a) 

TI 

(b) 

z.. 

Fig. 6—Equivalent circuit of mitron. 

In Fig. 6(a) (above) it has been assumed that Z1 = 0; 
in Fig. 6(b), a helical cathode is assumed which gives a 
finite value to Z1. Fig. 6(b) represents a second approxi-
mation in which it has been assumed that the coaxial 
output terminals are terminated in their characteristic 
impedances and that the losses in the waveguide are 
negligible compared to the load. Since the reactance due 
to 2L„ is never more than 10 per cent of the reactance 
due to C,,, XL, is neglected. Zo, is the characteristic im-
pedance of the ridge waveguide, assumed to be a pure 
resistance given by 

Let 

where 

1 
xi = 

jciCi 

1 
Z, 

jwC2 
X2 = 

1 
zo, — Z.,  

4/ 1 ± 
f 

Zr = XI + X2 + ZS> 

1 
Z, 

jcoC2 

(2) 
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27r1 
Z2 = — jZo3 Cot — 

X 

- 
± Z2 

Z22 

Zo, = 39.2 ohms (characteristic impedance of coaxial 

filament line). 

The admittance of the circuit shown in Fig. 6 may 
therefore be expressed as 

2 1 
Yrt = iCA/Cp — • 

Since Z. is a complex impedance, it is this term in (3) 
which causes the greatest variation in total impedance 
with frequency. 

(3) 

Effect of Cathode on Performance 

Experience has shown that an oxide-coated cathode is 
unsatisfactory for coherent voltage-tunable operation 
of the mitron. It has been possible to obtain coherent 
voltage-tunable operation using oxide cathodes. How-
ever, the mode of operation was very sensitive to the 
cathode temperature. and the operation of the tube was 
unstable due to the backheating of the cathode. 
A pure tungsten cathode which operates at approxi-

mately 2,200 degrees Centigrade was found to be most 
suitable for voltage-tunable operation for obtaining a 
coherent signal. The operation of the mitron is sensitive 
to the temperature of the cathode, but the filament 
input power can be adjusted to give stable, coherent 
operation. 
The improvement in voltage-tunable operation of the 

mitron with the use of a pure tungsten cathode is at-
tributed primarily to the fact that more filament power 

is required for the pure tungsten cathode than for either 
the thoriated tungsten or oxide cathode. The emission 
from both oxide and thoriated tungsten cathodes is 
unstable and tends to cause the anode current to "run 
away." It is impossible to determine from presently 
available data the exact operating conditions at the 
cathode for voltage-tunable operation. It has been de-
termined experimentally that the mode of operation is 
sensitive to the cathode temperature and that the 
mitron anode current varies with the temperature of the 
cathode. 

Requirement for Temperature-Limited Operation of the 

Cathode 

In the mitron there is a range of anode current for 
which a coherent signal is produced; for values of anode 
current above and below this range noncoherent signals 
are produced. The sensitivity of the mitron operation to 
cathode temperature may be attributed primarily to 

the low impedance which the anode and cavity structure 
presents to the electron stream. 

Experimental data, obtained from Model 9 (bar-and-
vane structure3) and mitrons, indicate that one of the 
most important parameters in obtaining voltage-
tunable operation is the impedance presented to the 
electron stream by the anode and cavity structure. 
Coherent operation was obtained in the Model 9 mag-
netron with anode currents in the order of 100 µa. The 
operation was very sensitive to cathode temperature 
and coherent operation was obtained over a very narrow 
range of anode current. Coherent operation of a mitron 
has been obtained with anode currents in the order of 
5 to 20 ma. The interaction space in the two tubes is 
quite similar. The most significant differences are in the 
anode-to-anode capacitance and in cavity impedance. 
The anode-to-anode capacitance in the Model 9 is ap-
proximately 2 geif and in the mitron approximately 
1 of; the cavity impedance in the Model 9 is 25 ohms 
and in the mitron it is 80 ohms. 

It is believed that voltage-tunable operation of a 
magnetron can be obtained under space-charge limited 
operation of the cathode if the impedance of the cavity 
and anode structure can be made sufficiently large. 

FREQUENCY VS ANODE VOLTAGE CHARACTERISTICS 

FOR VOLTAGE-TUNABLE MAGNETRONS 

In order to compare the voltage-tuning character-
istics of all tubes, an equation describing the frequency-
anode voltage characteristic for a voltage-tunable 
magnetron has been derived. This equation is arranged 
in nondimensional form so that all experimental data 
can be compared with the theoretical expression by 
using a graphical presentation. This derivation is based 
on the equations for the high-Q magnetron; however, 
the results obtained should approximately describe the 
behavior of the low-Q voltage-tunable magnetron. 
By combining the following well-known expressions: 

con r,2 
E,1= B — T.2(1 — — 1/2 Ern ) r,,2(»„2 (4) 

2 ra2 

(Hartree equation) 

B2e r, )2 
E„ = — r2 1 — — (Hull cut-off potential) 

8m 2 

2 — 
e 

Bo -= 

ra2 

Eo = — r,,2(0„2 (synchronous energy equation) 
2e 

EH 2B 
— — — 1 (normalized Hartree equation), 
E0 B, 

we obtain° 

(5) 

(6) 

(7) 

(8) 

O J. A. Boyd, "A Voltage-Tunable Magnetron for Operation in 
the Frequency Range 1500 to 3000 Megacycles," Univ. of Michigan, 
Electron Tube Lab. Tech. Rep. No. 15; November, 1953. 



338 PROCEEDINGS OF THE IRE March 

— = [1 
ro 

(9) 

where 

EH= threshold potential 
E.= Hull cut-off potential 
fo = is the frequency of the current induced in the 

anodes by an electron at the anode with a 
tangential energy of E.. 

fo 

Eue r n 
fo = [--- — • 

m2r2 so 
(10) 
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Fig. 7—Typical voltage tuning characteristics for Models 11, 11A, 
and 22B. T-Mode of operation assumed n = 

Fig. 7 shows the theoretical tuning curve plotted for 
comparison with the experimental curves for three forms 
of the tube. In plotting the experimental data, f is the 
operating frequency and E. is the anode potential; E„ 
and fo were determined from the operating conditions 
assuming ii--mode of operation. It should be noted that 
all forms of the tube had essentially linear-tuning char-
acteristics and all tubes operated at higher anode po-
tentials than indicated by the Hartree equation, when 

ii--mode of operation is assumed. It was assumed that 
the mitron would operate in the ii--mode. Rotating-
probe measurements on this tube and its associated 
cavity structure show that with an rf voltage applied 
to one of the output terminals of the cavity, a ii--mode 
voltage distribution does exist on the anode bars. 

It can be shown that if one assumes the presence of 
radial energy of the electrons that threshold potentials 
above the Hartree potential will be obtained.° There is 
experimental evidence that electrons in the mitron do 
possess considerable radial energy; therefore, it is con-
cluded that the high operating potentials are at least in 
part due to the fact that the electrons arrive at the 
anode with considerable radial energy. 

CONCLUSIONS 

A voltage-tunable magnetron has been developed 
with operating characteristics that make the tube use-
ful as a source of microwave power. It has been shown 
that the tube is satisfactory as the local oscillator of a 
spectrum analyzer and as an rf power source for most rf 
measurement applications. Noise figure measurements 
indicate that by using a balanced mixer it may be 
feasible to use the mitron as the local oscillator in micro-
wave receivers. 
A pure tungsten cathode was found to give better 

voltage-tunable operation than either an oxide-coated 
or a thoriated-tungsten cathode. The cathode support 
and the filament leads were found to cause variations 
in the power output of the tube. 
With the present circuit arrangement, the anode-to-

anode capacitance appears to be the limiting factor in 
obtaining higher power from the tubes. A reduction in 
the value of this capacitance is necessary if significantly 
higher power is to be obtained. Some improvement in 
efficiency and power output may be obtained by in-
creasing the external circuit impedance although the 
improvement to be obtained in this way is limited. 
The operating anode voltage was found to be higher 

than predicted by the Hartree equation, assuming 
ii--mode of operation. This increase in operating voltage 
is attributed in part to the electrons reaching the anode 
with considerable radially-directed velocity. It is pro-
posed that the sensitivity of voltage-tunable operation 
to cathode temperature is due primarily to the low im-
pedance which is presented to the electrons by the 
anode and cavity structure. 
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Resonant Behavior of Electron Beams in Periodically 
Focused Tubes for Transverse Signal Fields* 

R. ADLERt, FELLOW, nt, O. M. KROMHOUTt, ASSOCIATE, IRE, AND 
P. A. CLAVIERt, MEMBER, IRE 

Summary—A ribbon beam which is focused by a series of bi-
dimensional electrostatic lenses exhibits a well-defined transverse 
resonance within a certain range of focusing conditions. The fre-

quency of the resonance is derived for the case of a simple space-
periodic focusing field; it is also shown that the focusing field deter-
mines the current density in the beam (and thus, in practice, the 
maximum usable beam current). An experiment is described which 
demonstrates by means of a transverse signal field the existence of 
the transverse electron resonance. 

S
PACE-PERIODIC fields symmetrical with respect 
to a center plane x, z are of interest in tubes which 
use ribbon or sheet beams. A simple solution exists 

for the motion of an electron, traveling initially with 
the velocity uo= dz/dt at the distance yo from the center 
plane, through a stationary field of the form 

V = V ((1 ± e sin vz cosh vy), (1) 

under these two restrictions: (weak field) 

e « 1 (2) 

and (electron close to axis) 

1 
y — • (3) 

The derivation proceeds as follows: If E were zero, the 
electron would continue along a straight line y =y0. If 
E is finite but very small, two first-order effects appear: 
a periodic variation of the velocity component az/at 
about the average uo, and a periodic variation of y 
(ripple) about the average yo. Each of these perturba-
tions cooperates with the periodic field to produce a 
second-order effect—a force component which, when 
averaged over one spatial period, is different from zero. 
These two average force components can be determined 
separately and added. 
The following equations are needed in the derivation: 

From (3) follows 

cosh vy --, 1 ± i(vy) 2. (4) 

The dc potential Vo is related to the average velocity uo 

as follows: 

e 
2 — Vo -= UO2. 

tn 

(5) 

Contribution from variation of the velocity com-
ponent u -- az/at is considered first. The instantaneous 

*Original manuscript received by the IRE, June 23, 1954; re-
vised manuscript received October 29, 1954. 

1' Zenith Radio Corp., Chicago, Ill. 

velocity is 

Hence 

E 

= ¡So - sin vs). 

di 1 1 
— = —( = 1 — 

dz u uo 

E 

— sin vz). 
2 

Transverse field at distance yo from axis: 

av 
— = V a sin VZ P2yo. 
ay 

Instantaneous transverse force: 

av 
f = e — = eV oe sin vz • &Ay°. 

ay 

Transverse impulse per unit length of travel: 

(6) 

(7) 

(8) 

(9) 

dl 1 e 
f —  = eV oe sin vz • v2yo • — (1 — — sin vz). ( 10) 

dz uo 2 

Time average of force over one full period of sin vz 

E 

= time average of eV oc sin vz.v2yo( 1 — — sin vz 
2 

= — IeV0E2v2yo. (11) 

Contribution from periodic variation of y (ripple) is 
considered next. The transverse force from (9), 

.1 = eV oe sin vz•v2yo, 

can be expressed as a function of time: 

.f = eV oe sin uovi • ;Ayo. (12) 

The expression yo now designates the distance from the 
axis averaged over one ripple in the trajectory caused 
by the periodic force. The ripple ,diy is obtained by divid-
ing (12) by the electron mass m and integrating twice 
with respect to time: 

= — 
1 e 
— V oe sin uovt•Oyo, (13) 

74020 m  

or, substituting from (5), 

or in terms of z: 

e 

muo2 2 vo 

= — 4€ • sin uovt • yo; (14) 
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e 
— —• sin rz • yo. 
2 

Thus the trajectory perturbed by ripple will be 

(15) 

E 

y = yo + Ay = yo (1 — — sin vz). (16) 
2 

Transverse force (9) is proportional to y. Taking this 
into account to get the second-order term, one finds 

aV 
e — = eV o6 sin vz • v2y = eVoe sin vz • ;Ay° 

ay 

(1 e — — sin vz). 
2 

(17) 

This has the time average (taken over one period of vz) 

— ¡eV oe'v'yo. (18) 

The two contributions are equal and add up to 
— p170€2v2yo. This has the form of an elastic restoring 
force; it could be ascribed to a fictitious electric field 
E. (in the following called the elastic field) of the form 

— Kyo = — 4170E2v2yo. (19) 

The gross behavior of the electron, disregarding the 
small ripples and velocity variations which correspond 
to sin vz, is determined by this elastic field. In such a 
field an electron performs transverse oscillations of the 
form y = yo • cos col where co„, the angular frequency of 
transverse electron resonance, is 

e 1 e 
we — V K — — — — Vo• EV, 

m 2 m 

and by substituting (5), 

E 

- U01/. 

2 

(20) 

(21) 

Dividing by uo, we find coe/u0= (e/2)v. The length of 
one wave of the trajectory caused by the transverse 
oscillations is X.= bruo/co„; the spatial period of the 
field is s= 27r/v; thus we obtain 

2 
Xe = s • — • 

E 
(22) 

Since €«1, the concept of many spatial periods per 
wavelength is justified. 
So far, this derivation has been concerned with a 

single electron. Let us now assume a sheet beam of 
charge density p, centered about y=0 and thin enough 
to meet (3). The space charge produces a field 

ay. 
= py. (23) 

ay 

If the beam is stable, the elastic field must balance the 
space charge field: 

Voe2v2 = P. (24) 

Also, since (442= 1-(e/m)1706262 [from (20)], we can write 

e 
2 0,0 p . (25) 

Thus the transverse resonance frequency co,, equals the 
plasma frequency (as was pointed out by D. A. Dunn 
of Stanford University). The elastic field acts somewhat 
like a stationary positive plasma, in the center of which 
a beam of equal negative density is stable. 

If the beam is displaced from the center plane by y a, 
the space charge field becomes 

ay 
—ay = p(y — yB). 

The elastic field E6 is still 

— ¡ Voe2v2y. 

Then if ( 24) holds, there remains only a residual field 

av 

(26) 

— = — pyR = — Voo2v2yR. (27) 
ay 

This acts upon the entire beam as if all electrons were 
at ya. Thus, the entire beam as a unit is capable of 

resonant transverse motion according to (20) and (22), 
just like a single electron. 

It should be remembered that these conclusions apply 
only under the restrictions 6«1 (weak field) and 
y«(1/v) (narrow strip along center plane). The first 
restriction excludes the stop bands observed in stronger 
fields; the second rules out some tubes, because of their 
construction. One might thus think that the deriva-
tions had no practical application. 

We have found, however, that the transverse reso-
nance at co, dominates that class of iubes designed to 
work with transverse signal fields. In such tubes it is 
vital that all parts of the beam move together under 
the influence of a signal field. To insure this, the dis-
placement of the beam caused by a signal should pro-
duce equal increments of force in all parts of the beam; 
this calls for aE„/ay=const or E.= y • const at any given 
cross section z. This condition is met whenever restric-
tion (3) holds, i.e. all parts of the beam are close to the 
center plane. 

In addition, it is required that each trajectory wave 
include enough spatial periods so that the specific loca-
tion of these periods on any particular wave has negligi-
ble influence on its length; if a trajectory wave in-
cluded only one or two spatial periods, the relative phase 
of wave and spatial period at the starting point would 

strongly influence the shape of each trajectory, so that 
the wavelength would vary irregularly in space and in 
some cases also in time. The required relationship is 

insured by restriction (2) in view of (22). 
If either of the two restrictions is violated, the effect 

of a transverse signal field at one point is soon con-
verted into turbulence instead of concerted motion of 
the entire beam. Thus the two restrictions are charac-
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teristic of tubes which use transverse signal fields such 
as the one illustrated in Fig. 1. 
We have built a number of such tubes based on the 

structure illustrated. A thin flat ribbon beam travels in 
a space bounded by closely spaced electrode pairs 
which are held alternately at high and low potentials. 

Fig. 1—Electrostatically focused ribbon-beam tube: beam from 
elongated cathode passes through collimating slots into space 
bounded by electrode pairs which are held at alternately high and 
low potentials. 

Some of these tubes serve to study focusing; others are 
transverse-field traveling-wave tubes or related de-
vices. We find consistently that the properties of these 
tubes are well described by the concept of a beam tied 
to the center plane by an elastic field and capable of 
resonant transverse oscillation. 

Correspondence 

On Reciprocal Inductance* 

Reference is made to the suggested term 
"inertiance" for reciprocal inductance, 
or F.' There are many models, making pos-
sible analogous mechanical and electrical 
systems. Electric networks have duals, and 
the possibility of more than one electric 
analog of a given mechanical system exists. 
One relationship has been chosen by Bagh-
dady, and if this turns out to be the ap-
proved one, "inertiance" is an excellent term 
for Using a different relationship this 
author arrived at the rather contradictory 
term "recimass." 

It is important to note that the second 
formula given in the text referred to above 

di th,G 

dl di 
= 

is a fundamental relation, not restricted to 
any particular model. When the table for 
transfer to a mechanical network is decided 

*Received by the IRE. December 27. 1954. 
1 E. J. Baghdady, "On reciprocal inductance," 

Pace. I.R.E., vol. 42, P. 1807; December. 1954. 

One particularly convincing experiment is the follow-
ing: In the structure illustrated, all plates on each side 
of the beam are interconnected by means of condensers 
so that it becomes possible to apply a homogeneous 
transverse signal field across the beam and deflect it 
from its normal path. After the beam has passed 
through this structure it is intercepted by a target as-
sembly which, by means of an aperture of known width 
or by a fluorescent coating, provides information on 
how much the beam has been deflected. As the signal 
frequency is varied, a pronounced resonance is observed; 
its frequency is found to depend on the two dc voltages 
applied to the electrode pairs, but not on the beam cur-
rent. In a typical case, the resonance occurs at 160 mc. 
A computation, using V=V0(1-1-e sin vz) where 
Vo(1 + e) are the two applied dc voltages (admittedly 
a crude approximation of the potential along the center 
plane of the structure shown), gives 142 mc. In this 
case, e = . 38. 
The maximum current which a tube can pass ranges 

from 30 per cent to over 50 per cent of that obtained by 
multiplying the density from (25) with the available 
cross section. (One would hardly expect 100 per cent, 
since thermal velocities are neglected in the deriva-
tion). We find the equations quite helpful in predicting 
the properties of such tubes. 
The transverse electron resonance appears to permit 

some interesting practical applications on which we 

hope to report in the near future. 

upon for one of the three quantities i, r, and 
the other two will adjust themselves ac-

cordingly. The formula cannot be used to 
prove that "inertiance" fits r better than 
it fits L. In an initial approach, would not 
most engineers associate "inertiance" with 
inductance rather than reciprocal induc-
tance? 

While "inertiance" supposedly solves 
half the nomenclature problem, it leaves the 
other half unsolved; the unit for L-1. 
Capacitance has the unit "farad" and elas-
tance the unit "daraf," both excellent. In-
ductance has the unit henry, but "inertiance" 
has no unit. This author suggested and used 
the unit "yrneh" at Cruft Laboratory in 
1942, and now proposes this term for practi-
cal use. 

There are many other symbols, terms, 
and abbreviations, which should be given 
proper identifications. A few of the ones the 
author has coined, more or less successfully, 
are as follows: 

For immittance: e , (Z and Y combined) 

For reciprocal immittance: , 

For radius vector (which is not a con-
ventional vector): radius spinner 

For "a" in H=a-1-jb: prime direction 
part Pr(H) or P(H). (The part "b" 
is widely referred to as the quadrature 
part, Qu(H) or Q(H).) 

For amplification: amion, or ampion 
For distributed amplifier: D—amplifier 
For distributed power amplifier: DP— 
amplifier, or DPA 

Other readers may independently have 
thought of these, or better ones, at an earlier 
date. While "amion" or "ampion" scarcely 
can be defended as abbreviations, one of 
them may survive, if considered as a new 
word. The reader's attention is called to the 
excellent suggestion by Professor R. Rüden-
berg, Harvard University, of replacing the 
term "negative resistance" by "stimulance."2 

HARRY STOCKMAN 
Scientific Specialties Corp. 

Boston 35, Mass. 

2 R. Rtidenberg, "Transient Performance of Elec-
tric Power Systems." McGraw-Hill Book Co., pp. 
200. 467, New York; 1950. 
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The Mesh Counterpart of 
Shekel's Theorem* 

In a recent paper Shekel' showed that 
the determinant of the admittance matrix 
of a network is independent of the choice of 
the reference node. The same statement is 
also made very often about the mesh de-
terminant. The following example shows 
that the latter statement is not true. 

Example: Choice 1 (see F.g. 1): 

3 1 — 1 

1 3 1 

—1 I 3 

= -= 16. 

1 

Fig. 1—Choice 1. 

Choice 2 (see Fig. 2): 

1 4 0 0 

à2 0 4 0 = 64. 

0 0 4 

11. 

Fig. 2—Choice 2. 

The following theorem gives the correct 
statement. 

Theorem: If Ai and à2 are any two mesh 
determinants of the same network then 
A2= ken where k is a real constant depending 
only on the two choices of circuits (and not 
on the impedances in the network). 

Proof: The mesh impedance matrix Z,,, is 
given by 

Z„, = BZB', 

where B is the circuit matrix of the network 
with circuits for rows and branches for 

• Received by the IRE, July 19, 1954; revised 
manuscript received. September 13, 1954. 

1J. Shekel. 'Two theorems concerning change of 
voltage reference terminal," PROC. I.R.E., vol. 42, 
p. 1125; July. 1954. 

columns (B is the transpose of the matrix 
1" as defined by Cauers), B' is the transpose 
of B, Z the branch impedance matrix. Let 

Z,,, BiZ1311 

and 

B2ZB2'. 

(Z is the branch impedance matrix and is 
thus independent of the choice of circuits.) 

Since B1 and BR form two bases for the 
same system of circuits there exists a non-
singular matrix D such that' 

/32 = D/31 

Bi has a rank equal to the number of rows 
(b —n+1 for a connected network). Hence 
B, contains a non-singular submatrix of 
maximum rank. Let the columns of B1 be 
arranged such that this non-singular sub-
matrix appears in the leading position. Let 
the columns of .132 be arranged in the same 
order as the columns of B1. Letting B111 be 
the non-singular submatrix of B1 we have 

[By. B2,,1 = D[Baii 131„] 

from which 

= DBi ll• 

Since the product of nonsingular matrixes is 
nonsingular, /32,1 is nonsingular. Also, since 
B1 and B2 contain only elements 1, — 1, or 0, 
the determinants of B1„ and B21, are both 
real constants. Hence using the notation det. 
A for the determinant of matrix A, 

det. D det. B2,1/det, 

is also a real constant. Let this be r. Then 

,C•2 det. B2ZB2' = det. 

or 

or 

or 

det. D X det. BIZ/31' X det. D' 

A2 = r X eir X r 

à2 r2A1 = kà1 

where k r' is a real constant. This com-
pletes the proof. 

Since the mesh determinant is a rational 
function and the poles and zeros of a rational 
function are unaltered by a constant multi-
plier we also have this obvious corollary. 

Corollary: The poles and zeros of the 
mesh determinant are independent of the 
choice of meshes. 

S. SESRU 
Dept. of Elec. Engrg. 

Univ. of Ill. 
Urbana, Ill. 

WYCauer, •Theorie der linearen Wechselstrom-
schaltungen." Akademische Verlagsgesellschaft. Leip-
zig, p. 33; 1941. 
1 G. Birkhoff and S. MacLane, 'A Survey of 

Modern Algebra," The MacMillan Co., Theorem 1. 
p. 245, New York; 1953. 

The Compensation Theorem* - 

The compensation theorem in network 
theory is generally very lightly treated in 
books as one of those theorems which have 
to be mentioned for the sake of complete-
ness but which are obvious statements with-
out much value. The cause for this deplor-
able fate can probably be attributed to the 

• Origins! manuscript received by the IRE. 
October 25. 1954; revised manuscript received. De-
cember 13, 1954. 

reasoning that, in order to apply the com-
pensation theorem, a solution of the circuit 
under consideration should first be available 
and the theorem therefore, is merely of aca-
demic interest rather than usefulness. 

This note aims to point out the usefulness 
of the compensation theorem and also sup-
plies two proofs for the theorem. 

One form of the compensation theorem 
can be stated as follows: The effect of a 
change àZ in the impedance of a network 
branch is equivalent to that of inserting a 
compensating potential source ( — /AZ) in 
series with the changed branch, where I is 
the current which flowed in the branch be-
for the change; the relative polarities of the 
voltage (—/e2) are such that it represents 
a potential rise in the direction of I. The 
theorem expressed in this form is extremely 
useful in predicting the effect of changes in 
the value of an element on the performance 
of the whole circuit. Where only the effects of 
changes in different circuit elements are of 
importance, re-computation and subtraction 
by the original values are not the best ap-
proach. Computations in connection with dc 
amplifier stability are a good example, 
where, for small changes, the application of 
the compensation theorem makes possible 
the use of equivalent circuits for vacuum 
tubes. It is to be noted, however, that re-
striction of small changes is not required for 
validity of compensation theorem. 

Proof 1: Consider the network in Fig. 
1(a) where an impedance Z is connected 
between two network terminals A and B. 

 IB 

(roi u:4 

F l 

The current I establishes a potential differ-
ence /Z between A —B as shown. That 
Fig. 1(b) is equivalent to Fig. 1(a) is readily 
seen (àZ=Z'—Z); what constitutes the net-
work to the left of terminals A —B is im-
material. The effect of the change of Z to Z' 
is then equivalent to that of cancelling the 
potential difference ( —Id2) by an equal and 
opposite potential source as shown in Fig. 2. 
This proves the theorem. 

POTENTIAL 
SOURCES 
SHORTED; 

CURRENT 
SOURCES 
OPENED. 

A 

aI 

Fig. 2 

Proof 2: Consider the general loop equa-
tion for the s-th loop of an n-loop network. 

41/1 Z.2/2 • • • za.+ • • • 
+ E., (1) 

where E. is the algebraic sum of all applied 
potential rises in the direction of /. in loop s. 
It is important to note that, if all loop cur-
rents are chosen in the same reference direc-
tion, e.g., clockwise, then Z.. is a positive 
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uantity and all other impedance coefficients 
e a flat network can be made negative by 
n appropriate choice of loops. Suppose the 
npedance in an outside branch (a branch 
which only one loop current flows) in the 

-th loop is increased by an amount AZ, then 
I) will be changed to 

7.1111 +... + (Z.. + 

= E.. (2) 

.ubtracting (1) from (2), one has 

— — 12) ± • • • 

-I- (Z.. + AZ)(1.' — + AZ1. + • • • 

± • • • + — in) — O. (3) 

e..q. (3) can be re-written as 

'.1A/1 Z.2A/2 • • • + ± • • • 

= — (4) 

'here Z..' is the new loop im-
)edance for the s-th loop. It is readily seen 
hat (4) leads directly to the compensation 
heorem as stated above. There is no diffi-
:ulty in arriving at the same conclusion if the 
mpedance change occurs in a common 
munch. Besides, a given branch in a net-
work can always be made an outside branch 
)3, choosing the loops suitably. 

It is also easy to prove (a) that the net-
work determinant of impedance coefficients 
s changed from D. to (D.+AZD..) by the 
mpedance change, where D.. is the cofactor 
3f D. with the s-th row and s-th column 
nnitted; and (b) that the change in the loop 
current in a k-th loop, A/5, is 

D. ± AZD.. 

In (5), all quantities except AZ on the right-
hand side are in terms of known quantities 
before the change. 
A parallel statement of the compensa-

tion theorem, which will be useful where the 
network is more conveniently analyzed on a 
junction basis, is: The effect of a change A Y 
in the admittance of a network branch is 
equivalent to that of applying a compensat-
ing current source ( —Ea Y) in parallel with 
the changed branch, where E is the potential 
difference which appeared across the branch 
before the change; the direction of the cur-
rent (—Ea Y) is such that it flows toward the 
junction which has positive reference po-
larity. Eq. (5) would apply equally well to 
this case, if loop currents and impedances 
are changed to junction-pair voltages and 
admittances respectively. 

DAVID K. CHENG 
Elec. Eng. Dept. 

Syracuse University 
Syracuse IO, N. Y. 

Some Antics in Semantics* 

The only appropriate reply to M. S. 
Corringtoni for his interesting exploration 
into mathematical semantics is 

" 1 
cs/100dx = 10,7. 

-07 fo 

D. H. SHEINGOLD 
George A. Philbrick Res., Inc. 

Boston, Mass. 

• Received by the IRE. November 18, 1954. 
1 M. S. Corrington. "Adventures in Calculus." 

PROC. IRE.. vol. 42. pp. 1703; November. 1954. 

Logarithmic Amplifier 

Simplifications and 

Improvements* 

The article by Chambers and Page' ad-
mirably describes one method of obtaining a 
logarithmic response. We, at Philco, have 
been over the same ground and find that 
simplifications are possible with no degrada-
tion of performance. For this reason, the 
following general discussion of the matter is 
offered. Much of this may be found in 
Patent #2,662,978, Logarithmic Transducer, 
D. E. Sunstein, and Patent #2,663,015, Ob-
ject Location System Employing Loga-
rithmic Transducer, D. E. Sunstein, both 
applied for June 11, 1946. 

First, we have found that certain pre-
cautions are necessary if one is to obtain 
from each stage a video output vs IF input 
which saturates in the manner described in 
Fig. 3 of the article referred to.' That is, 
there is, in general, a tendency for the video 
detected output obtained from an IF am-
plifier to increase with increase of input sig-
nal level up to some particular maximum 
output value. Further increase in IF input 
signal may cause a reduction in video out-
put. This effect has been particularly ob-
served when plate detection alone is used to 
develop the video output signal from a given 
IF stage. When the sum of plate and screen 
current is used, however, to form the video 
output, this back down characteristic does 
not occur. Such a back-down characteristic, 
however, has also been found to occur when 
grid current is used for detection and when 
the grid load impedance is moderately high. 
In this instance, the back-down character-
istic usually occurs as a result of overload in 
the preceding stage rather than of overload 
in the stage producing the video output be-
ing measured, but can be prevented by the 
use of small grid video load resistors. 

Thus, we have found it practical to pro-
duce useful video detected signals either 
from the cathode current of the stage, the 
grid current of the stage, or the sum of the 
plate and screen current. 

We have not found it necessary to cause 
the IF gain per stage to be reduced below 
that which would be obtained for a conven-
tional IF amplifier. This is in contrast to the 
work of Chambers and Page who indicate 
about 4 to 5 db less gain per stage than ob-
tainable with conventional practice. In the 
case of cathode detection, we have found it is 
not necessary to suffer a loss in gain simply 
by using a normal value of cathode re-
sistance on the order of 100 ohms, rather 
than the relatively high value of 3,600 ohms 
used by Chambers and Page. In this in-
stance, we can provide an adequate IF by-
pass across the cathode resistor without 
suffering video smearing. A further benefit 
as a result of the low cathode impedance 
which we have found practical will be 
realized later in that it plays a part in per-
mitting the removal of the separate video 
isolation amplifier utilized by Chambers and 
Page. 

Of the three useful methods of producing 
a video output from the overloaded IF stage, 
we have found that the use of plate plus 

• Received by the IRE, November 26, 1954. 
1 T. H. Chambers and I. H. Page, 'The high. 

accuracy logarithmic receiver,' Paoc. T.R.E.. vol. 42, 
pp. 1307-1314; August. 1954. 

screen current has not been plagued by any 
inability to compensate for end effects or 
difficulties with regard to IF feedback as 
experienced by Chambers and Page. How-
ever, plate plus screen detection has been 
found undesirable in some installations be-
cause of the presence of hum and assorted 
other interferences on the B-F line. 

The use of cathode or grid detection re-
moves the requirement for an extremely well 
filtered BA- line. It has been found, in prac-
tice, that grid detection usually cannot pro-
vide as high video frequency capability as 
cathode detection, without suffering some 
loss in IF gain. For this reason, the amplifiers 
we have made in the past several years have 
all used cathode detection, but with the 
grid returned directly to ground through a 
low impedance, and with a cathode re-
sistance on the order of 100 ohms. 

By providing a video output from each 
IF stage with an impedance of only 100 ohms 
or less, we have been able to linearly add the 
detector outputs in a delay line of imped-
ance of perhaps 1,000 ohms simply by use of 
an isolating resistor of about 15,000 ohms 
between each video detected output and the 
corresponding tap on the delay line. This 
causes the signal on the delay line to be sub-
stantially lower than in the Chambers and 
Page receiver. Reduced gain can be made up 
at end of delay line by a single video ampli-
fier rather than 5 or more video amplifiers 
feeding the several taps on the delay line. 

Moreover, we have found that it has not 
been necessary to limit the choice of inter-
stage coupling networks to synchronous 
single or multiple tuned systems. In fact, 
we have successfully used staggered tuning 
to achieve the usual advantages with regard 
to effective gain-bandwidth product. In 
order to use staggered tuning, the stagger-
ing should be so chosen that all the poles lie 
on a circle whose center is at the IF carrier 
frequency. In this way, the gain of each 
stage at carrier is identical, and this has been 
found sufficient to insure a clean transient 
response to radar pulse signals having any 
rate of rise to which the IF can respond. 
Moreover, it has been found that the use of 
such staggered tuning still provides a selec-
tivity curve which is adequately symmetri-
cal about carrier when measured at any 
given input signal strength, or even when 
measured with input signal varying an 
amount necessary to hold output constant. 

By the use of these techniques, we have 
been able to obtain a 60 db logarithmic range 
utilizing four 6AK5's followed by a crystal 
video detector. In other applications, more 
than 90 db of dynamic range has been ob-
tained utilizing a correspondingly increased 
number of detecting IF stages. These IF 
stages so constructed have, in fact, been in 
production for several years, and have uti-
lized no more tubes than a standard IF hav-
ing the same signal gain and bandwidth. 

D. E. SUNSTEIN 
Philco Corporation 

Philadelphia 34, Pa. 

Rebuttal' 

Mr. Sunstein's letter seems to indicate 
that he has missed the objective of the work 
leading to the development of the loga-

Received by the IRE. December 9, 1954. 
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rithmic receivers described in our article. 
The parent problem required a logarithmic 
receiver having a characteristic accurate to 
within about ± 1/2 db throughout its range, 
and having the extreme stability and re-
liability so essential in equipment for com-
puter-type applications. 

The authors are familiar with the work 
not only of the Philco Corporation but also 
with the work done by other American con-
cerns and by the British. 

As Mr. Sunstein points out, the use of the 
successive detection principle (which in-
cidentally was in use at the Naval Research 
Laboratory as early as 1942) allows the use 
of almost any type of detector in the 
logarithmic receiver, provided that it is ac-
companied by satisfactory limiting or over-
load characteristics in the IF stages. How-
ever, extensive study of and experimentation 
with the various systems has indicated that 
only the nonamplified back-biased stage 
with its outputs summed through unilateral 
elements will yield the desired ± 1/2 db ac-
curacy without critical adjustments and 
despite tube changes, supply voltage varia-
tions and the other exigencies of service use. 

Mr. Sunstein's use of low cathode re-
sistances and (bilateral) resistances for per-
forming the summing function is certainly 
entirely satisfactory for a lower accuracy 
receiver. It will, however, yield a charac-
teristic which is sensitive to tube aging and 
changes and to other variations. 

T. H. CHAMBERS 
Naval Research Laboratory 

Washington 25, D. C. 

Hysteresis in Klystron Oscillators* 

Hysteresis in klystron oscillators falls 
into two categories. One is circuit hysteresis, 
the other is electronic hysteresis. Circuit 
hysteresis is due to such things as high-Q 
loads and long lines between klystron and 
load, and is well understood and adequately 
discussed in the literature.'' The causes of 
electronic hysteresis are less unambiguous. 

Perhaps the best known electronic cause 
of hysteresis is that of multiple transit elec-
trons in reflex klystrons. This is partially 
treated both by Pierce and Shepherd' and by 
Hamilton.2 A reasonable qualitative picture 
exists, but quantitative calculat'ons are 
formidable. 

It is stated by Pierce and Shepherd' and 
by Hamilton' that another important cause 
of hysteresis is that due to phase shift of 
electronic admittance with rf voltage. This 
can be calculated from second-order bunch-
ing theory. A simple way of visualizing the 
way in which phase shift can produce 
hysteresis is by reference to the admittance 
diagram of a klystron oscillator (Figs. 1 and 
2). It is seen that if the locus of the electronic 
admittance vector is a curved line as indi-
cated, hysteresis with two breaks will occur 
on one side of the mode only. It is further 
observed that increasing the load conduct-
ance should move the hysteresis points 
toward the edge of the mode, and that for 

• Received by the IRE, November 19, 1954. 
J. R. Pierce and W. G. Shepherd. " Reflex oscil-

lations," Bell Sys. Tech. Jour.. vol. 26, pp. 460-681; 
July, 1947. 

D. R. Hamilton, J. K. Knipp, and J. B. H. 
Kuper. "Klystrons and Microwave Triodes." Mc-
Graw-Hill Book Co., New York, N. Y., pp. 384-440; 
1948. 
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Fig. I—Admittance diagram of klystron oscillator 
without phase shift. 
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Fig. 2—Admittance diagram of klystron 
oscillator with phase shift. 

large enough loads the hysteresis should dis-
appear entirely. 

It is found experimentally with certain 
reflex klystron oscillators, and with some 
two-cavity klystron oscillators, that a type 
of hysteresis occurs which cannot be ex-
plained in terms of either multiple transit 
electrons or simple phase shift. Examples of 
this kind of hysteresis are shown for a two-
cavity oscillator in Fig. 3. 

e 

( 

Fig. 3—Oscilloscope photographs of power vs beam 
voltage (sinusoidal sweep) for two-cavity klystron 
oscillator. (The two traces are displaced slightly 
in phase to show the hysteresis breaks.) (a) Mod-
erate load. (b) Heavy load (large load conductance). 

Dependence on load or circuit admit-
tance is indicated. Multiple transit electron 
hysteresis cannot occur because there is no 

returned beam. While the observed hys-
teresis may be modified by phase shift, it is 
clear that phase shift alone is not adequate 
to produce the observed hysteresis. For one 
thing, the hysteresis occurs on both sides of 
the mode. In addition, the hysteresis points 
move toward mode center rather than away 
from it as the load conductance is increased. 

The following explanation, supported 
additionally by other experiments, is pro-
posed: It is usually supposed that, in the 
absence of multiple transit electrons, the 
electronic admittance decreases in magni-
tude monotonically with increasing rf 
voltage. Suppose, instead, that the elec-
tronic admittance first increases with rf 
voltage and then decreases, as indicated in 
Fig. 4. This is clearly a situation that will 
produce hysteresis on both sides of the 
mode, and will allow the break points to 
move toward mode center as the load con-
ductance is increased. 

B 
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Fig. 4—Admittance diagram of klystron oscillator, 
with admittance first increasing with rf voltage 
and then decreasing. 

There are several reasons why electronic 
admittance might increase with rf voltage 
before decreasing. One possibility is that rf 
causes a spreading of the beam, which may 
improve its coupling to the rf output gap 
(or increase the beam-coupling coefficient). 
Another possibility is that rf spreading de-
creases space-charge density and thus re-
duces certain deleterious space-charge effects 
in the beam, such as longitudinal debunch-
ing. In the case of the reflex klystron, reduc-
tion in space-charge density in the neighbor-
hood of the turn-around plane in the reflector 
region may favorably affect the optics, thus 
increasing the electronic admittance. It 
might be expected that such space-charge 
effects would be more pronounced in klys-
trons having high density electron beams. 

In two-cavity klystron oscillators, it is 
likely that both phase shift and growth of 
the electronic admittance vector occur si-
multaneously, thus causing a mixed type of 
hysteresis. In reflex klystrons, multiple 
transit electron effects often exist in addi-
tion, so that the resultant hysteresis is some 
combination of the three types. This ob-
scures their separation and identification. 

T. MORENO and R. L. JEPSEN 
Varian Associates 
+511 Hansen Way 

Palo Alto, California 
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Laboratory. 

R. D. KODIS 

M. E. HINES 

S. S. GUTERMAN 

S. S. Guterman was born in Warsaw' 
Poland, in May, 1913. He received the 
equivalent of the American B.S. degree in 

electrical engineering 
from Polytechnic In-
stitute of Grenoble, 
France. Later, he at-
tended the Ecole Su-
perieure of "Elec-
tricite" in Paris, 
where in 1935 he re-
ceived a degree cor-
responding to the 
M.S. in telecommu-
nication engineering. 

In 1951 he came 
to the United States, 

where, since May, 1952, he has been with the 
Raytheon Manufacturing Company as a 
group leader in the research and develop-
ment section of the Computer Department. 

M. E. Hines (S'46-A'47-M'50) was born 
on November 30, 1918, in Bellingham, 
Wash. He attended the California Institute 

of Technology, where 
he received the B.S. 
degree in applied 
physics in 1940 and 
where, as a member 
of the Air Force 
Weather Service, he 
received the B.S. de-
gree in meteorology 
in 1941. After World 
War II he returned 
to the Institute and 
received the M.S. de-
gree in electrical engi-

neering in 1946. 
Mr. Hines has been employed since 1946, 

at the Bell Telephone Laboratories at Mur-
ray Hill, N. J., where he has been engaged in 
the development of traveling-wave tubes, 
microwave triodes and storage tubes. 

R. D. Kodis (S'46-A'51) was born on 
July 8, 1921, in Boston, Mass. He received 
the B.S. degree from Northeastern Univer-

sity in 1946. 
Mr. Kodis has 

been associated with 
the Harvard Com-
putation Laboratory 
(1946-1947), Water-
town Arsenal Labora-
tory (1948-1951), 
and Transducer Corp. 
(1951-1952). In 1952 
he joined the Ray-
theon Manufacturing 
Company, where he 
is head of the re-

search and development section of the 
Computer Department. 
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S. RUHMAN 

A. NUSSBAum 

O. M. KROMHOUT 

Contributors  
O. M. Kromhout (A'54) was born in New 

Orleans, Louisiana, in 1925. She received a 
B.A. degree from Tulane University in 1945. 

After five years with 
the Department of 
Agriculture, she ob-
tained an M.S. de-
gree at the University 
of Illinois in 1951. 

Mrs. Kromhout 
has been a research 
physicist with the 
Zenith Radio Corp. 
since 1952, where she 
is working on high 
frequency electron 
devices. 

She is a member of Pi Mu Epsilon. 

For a photograph and biography of J. T. 
Mendel, see page 863 of the May, 1954 issue 
of the PROCEEDINGS OF THE I.R.E. 

Allen Nussbaum was born in Phila-
delphia, Pa., on August 22, 1919. He re-
ceived the B.A. degree in chemistry in 1939 

and the M.A. degree 
in physics in 1940, 
from the University 
of Pennsylvania. He 
entered service in 
1941, serving as a 
radio engineer with 
the Signal Corps in 
Italy and with the 
Air Force in Ger-
many from 1947 to 
1949. 

Dr. Nussbaum re-
entered the Univer-

sity of Pennsylvania in 1950, where he re-
ceived the Ph.D. degree in semiconductor 
physics in 1953. Since November, 1953, he 
has been a member of the semiconductor 
group at the Honeywell Research Center. 

He is a member of the American Physical 
Society. 

Smil Ruhman was born on September 2, 
1925, in Bessarabia, Roumania. He received 
the B.S. degree in electrical engineering from 

the Worcester Poly-
technic Institute in 
1949. 

From 1949 to 
1952, he served as re-
search assistant at 
the Digital Computer 
Laboratory of the 
Moore School of Elec-
trical Engineering, 
University of Penn-
sylvania, where he 
took part in the de-
velopment of the 

MSAC, a large scale electronic digital com-
puter. While at the University of Pennsyl-
vania, he continued his studies in electrical 

L. R WALKER 

engineering, completing the course require-
ments for the M.S. degree. In July, 1952, he 
joined Raytheon Manufacturing Company, 
Computer Department, where he has been 
engaged in research and development work 
in magnetics. 

Mr. Ruhman is a member of Tau Beta Pi 
and Sigma Xi. 

• 

J. A. Saloom (S'48-A'52) was born in 
Herrin, Illinois, in 1921. He attended the 
University of Illinois from 1942 to 1943, 

served in the U. S. 
Air Force from 1943 
to 1946, and returned 
to the University in 
1946 to continue his 
studies. He received 
the B.S,, M.S. and 
Ph.D. degrees from 
the University of 
Illinois in 1948, 1949 
and 1951 respec-
tively. From 1949 to 
1951 Dr. Saloom was 
a research associate 

at the University of Illinois, engaged in the 
study of gaseous discharges. In 1951 he 
joined the Bell Telephone Laboratories and 
has since been engaged in microwave tube 
development, with emphasis on electron 
beam studies. 

Dr. Saloom is a member of Pi Mu Ep-
silon, Eta Kippa Nu and Sigma Xi. 

J. A. SALOOM 

For a photograph and biography of P. K. 
Tien, see page 82A of the September, 1954 
issue of the PROCEEDINGS OF THE I.R.E. 

L. R. Walker was born in England, on 
August 6, 1914. He received the B.Sc. degree 
in 1935 and the Ph.D. degree in 1939 from 

McGill University. 
From 1939 to 1941 he 
was with the Radia-
tion Laboratory at 
the University of 
California, and from 
1941 to 1946 with the 
Radiation Labora-
tory at the Massa-
chusetts Institute of 
Technology, where he 
worked on magne-
trons. Since 1946 he 
has been a member of 

the technical staff of the Bell Telephone 
Laboratories, Murray Hill, N. J., engaged in 
work on microwave tubes and gyromagne-
tron propagation. 

A. H. ZEMANIAN 

V. M. WOLONTIS 

W. M. WEBSTER 

W. M. Webster (A'48-SM'54) was born 
in Warsaw, N. Y., in 1925. He studied 
physics at Rensselaer Polytechnic Institute, 

and at Union College. 
He received the B.S. 
degree in physics 
from Union College, 
and the Ph.D. degree 
from Princeton Uni-
versity. 

In 1946 he joined 
the RCA Laboratories 
Division, Princeton, 
N. J., where he has 
worked primarily on 
solid state devices 
and vacuum and gas-

eous electronics. 
Dr. Webster is a member of Sigma Xi. 

V. M. VVolontis was born in Helsinki, 
Finland, in 1926. He received the M.A. de-
gree in mathematics from the University of 

Helsinki in 1947 and 
the Ph.D. degree in 
mathematics from 
Harvard University 
in 1949. He was a 
teaching fellow at 
Harvard in 1948-49 
and an assistant pro-
fessor of mathematics 
at the University of 
Kansas from 1949 to 
1953. In 1953 he joined 
the Mathematical Re-
search Department of 

the Bell Telephone Laboratories. 
Dr. Wolontis is a member of the Ameri-

can Mathematical Society and the Associa-
tion for Computing Machinery. 

A. H. Zemanian (A'51) was born on 
April 16, 1925, in Bridgewater, Mass. He re-
ceived the B.E.E. degree from the College 

of the City of New 
York in 1947 and 
the M.E.E. and 
Eng.Sc.D. degrees 
from New York Uni-
versity in 1949 and 
1953, respectively. 
He taught in the 
electrical engineering 
department of C.C. 
N.Y. for the aca-
demic year 1947-48, 
and then joined the 
Maintenance Com-

pany, New York, N. Y. Since 1952 he has 
been teaching electrical engineering at New 
York University, where he is an assistant 
professor. 

Dr. Zemanian is a member of the Na-
tional Society of Professional Engineers, the 
American Institute of Electrical Engineers, 
Tau Beta Pi, Eta Kappa Nu, and Sigma Phi 
Omega. 
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Waldorf-Astoria Hotel, Kingsbridge Armory, March 21-24, New York, N.Y. 

GENERAL COMMITTEE 

G. W. Bailey, Chairman 
S. L. Bailey, Vice- Chairman 

J. D. Ryder, Ex-Officio 
Emily Sirjane, Secretary 

I lorace Atwood R. P. Burr 
\V. M. Baston W. C. Copp 
E. W. Bemis L. G. Cumming 
J. F. Bisby E. K. Gannett 
J. B. Buckley J. Z. Millar 

J. S. Saby 

BANQUET COMMITTEE 

E. W. Bemis, Chairman 

Robert Bright, Jr. Alden Opie 
A. F. Childs O. J. Sather 
A. C. Norwine C. H. Singer 

COCKTAIL PARTY COMMITTEE 

R. P. Burr, Chairman 

B. F. Tyson R. J. Keogh 
N. A. Spencer 

CONVENTION RECORD COMMITTEE 

John S. Saby. Chairman 
E. K. Gannett, Secretary 

G. S. Axelby 
C. P. Bastuscheck 
Ralph Batcher 
A. C. Beck 
Julius Bernstein 
T. H. Bonn 
M. Copel 
Milton Dishal 
Charles Doersam 
L. G. Fischer 
Wilson Greatbatch 

R. W. Greenwood 
C. M. Heiden 
Keith Henney 
W. C. Jakes 
V. J. Kublin 
W. C. Moore 
Charles E. Page 
G. T. Royden 
W. R. Thurstoi 
Lewis Winner 
Victor Wouk 

EXHIBIT MANAGER 

W. C. Copp 

FACILITIES COMMITTEE 

W. M. Baston, Chairman 
R. J. Kircher, Vice- Chairman 

R. I. Brown 
L. J. Climent 
P. J. Clinton 
R. L. Cohoon 
H. L. Cushing 
Joseph Emerson 
A. A. Gallonio 
O. B. Gibson 
Samuel Grodzinsky 
R. M. Hammer 
E. J. Hoffman 
G. H. Houseworth 
R. P. T. Jutson 
Robert Kelleher 
R. J. Keogh 
R. M. Kurzrok 
Roderic Lowman 
Nicholas Medici 
H. M. Miller 

R. E. Olson 
F. R. Pike 
L. A. Pulley 
H. J. Reed, Jr 
E. R. Saul 
John Schaller 
Gerard Schneider 
A. F. Schoenfuss 
A. A. Schwartz 
R. E. Simonds 
C. M. Singleton 
S. T. Spangler 
W. R. Spittal 
F. H. Stansfield 
C. E. Taggart 
Charles Tillistrand 
E. R. Trelewicz 
E. P. Vehslage 
D. G. Williams 

FINANCE COMMITTEE 

J. B. Buckley, Chairman 

HOSPITALITY COMMITTEE 

Horace Atwood, Jr., Chairman 
G. D. Hulst, Vice- Chairman 

Bernard Amos 
Albert Baracket 
L. A. Bondon 
P. F. Brown 
T. J. Coursey 
R. W. Deichert 
A. E. Hylas 
R. J. Iversen 
S. S. Krinsky 
H. C. McBriar 

R. S. Mason 
O. J. Morelock 
C. M. Puckette, Jr. 
R. L. Ringer, Jr. 
G. D. Robinson 
J. E. Schlener 
W. V. Tyminski 
C. E. Webb 
E. G. Whitley 
M. R. Yeiter 

L L. Auerbach 
R. R. Batcher 
J. F. Byrne 
Michel Copel 
L. A. FeRosa 
C. H. Doersam 
J. F. Herrick 
A. L. Lane 
R. R. Law 
D. H. Loughridge 
A. A. Macdonald 

E. I. Anderson 
J. L. Callahan 
A. G. Clavier 
R. I. Cole 
J. J. Gershon 

INSTITUTE ACTIVITIES COMMITTEE 

L. G. Cumming, Chairman 

R. A. Heising 
J. T. Henderson 
I,eon Podolsky 
L. C. Van Atta 
Ernst Weber 

PUBLICITY COMMITTEE 

E. K. Gannett, Chairman 
Lewis Winner, Vice- Chairman 

W. C. Copp Jack Hobby 
Rufus Crater T. R. Kennedy 
Fred Donat W. W. MacDonald 
E. E. Grazda B. F. Osbahr 

J. D. Whitmore 

REGISTRATION COMMITTEE 

J. F. Bisby, Chairman 

J. F. Craib 
W. P. Frantz 
L. W. Garrand 
R. E. Lafferty 
Joseph Mazzacki 

H. C. Nelson 
R. C. Palmer 
D. S. Rau 
Norman Salz 
W. H. Yocom 

TECHNICAL PROGRAM COMMITTEE 

J. Z. Millar, Chairman 
J. G. Marble 
J. L. McLucas 
C. H. Page 
D. C. Ports 
A. W. Rogers 
J. R. Steen 
W. R. Thurston 
J. E. Ward 
Ben Warriner 
E. S. White 
Lewis Winner 

Registration 

Members and visitors may register at 
either the Waldorf-Astoria Hotel (49th 
Street and Lexington Avenue) or Kings-
bridge Armory (Kingsbridge Road and 
Jerome Avenue, Bronx) during the follow-
ing hours: 

Waldorf-Astoria Hotel 
Monday 9 A.m.-5:30 P.M. 
Tuesday 9 A.m.-800 P.M. 
Wednesday 9 A m.-600 P.M. 
Thursday 9 A.m.-230 P.M. 

Kingsbridge Armory 
Monday 10 A.M.-10 P.M. 
Tuesday 10 A.M.-10 P.M. 
Wednesday 10 A.M.- 5 P.M. 
Thursday 10 A.m.-10 P.M. 

Technical Sessions 

Over 250 technical papers will be pre-
sented in 55 sessions. A schedule of sessions 
and locations is given on page 348. Complete 
program of papers, authors, and 10C-word 
summaries appears on pages 349-377. 

Exhibits 

The Radio Engineering Show, featuring 
704 exhibits, will be held at the Kingsbridge 
Armory and at the Kingsbridge Palace, lo-
cated one and a half blocks south of the 
Armory on Jerome Ave. Exhibit hours are 
from 10 A.M. to 10 P.M. every day but 
Wednesday, when they close at 5 P.M. 

Transportation 

Free bus service will be provided between 
the Waldorf-Astoria Hotel and Kingsbridge 
Armory. In addition, both locations are con-
venient to the Jerome Avenue line of the 
Lexington Avenue IRT subway. 

Annual Meeting 

Of particular interest to members will be 
the Annual Meeting of the IRE at the Wal-
dorf, which opens the convention at 10:30 
A.M. Monday, March 21. A. V. Loughren, 
Director of Research, Hazeltine Corpora-
tion, will be the principal speaker. The pro-
gram will include reports from officers re-
garding IRE activities. 

Convention Record 

All available papers will be published in 
the 1955 IRE Convention Record. The Con-
vention Record will be published in ten 
parts and will be available in June, 1955. 

All persons who become paid members of 
a professional group by April 30, 1955 will 
automatically receive a free copy of that 
part of the Convention Record containing 
the papers sponsored by their professional 
group. 

Convention Record parts may be or-
dered at the Convention Record Desk, Wal-
dorf-Astoria, or from IRE headquarters. 

Social Events 

A Cocktail party will be held on Monday 
at the Waldorf-Astoria, the annual IRE 
Banquet will take place Wednesday evening 
at the same hotel, and a full program of 
women's activities is scheduled throughout 
the four days of the IRE Convention. For 
full details see News and Radio Notes sec-
tion, page 379, of this issue. 
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SCHEDULE OF TECHNICAL SESSIONS 
BELMONT- I 
PLAZA WALDORF-ASTORIA 

KINGSBRIDGE ARMORY 

Moderne Room Starlight Roof Astor Gallery Jade Room Sert Room Grand Ballroom Marconi Hall Faraday Hall 
Monday 
March 21 
2 : 30 P.M.- 
5:00 P.M. 

Session 1 
INSTRUMEN- 
TATION I 

Session Z 
ANTENNAS AND 
PROPAGATION 1— 
Antennas 

Session 3 
MOBILE COMMUNI- 
CATIONS 

Session 4 
COMMUNICATIONS 
SYSTEMS 

Session 5 
INDUSTRIAL 
ELECTRONICS 

Session 6 
TELEMETRY AND 
REMOTE CONTROL 
I—Symposium: Some 
Problems Associated 
With Telemetering and 
Remote Control of a 
Space Station 

Session 7 
CIRCUIT THEORY 
I—Symposium: Net- 
work Design 

Session 8 
AUTOMATIC CON-
TROL I 

Tuesday 
March 22 
10:00 A.M.- 
12:30 P.M. 

Session 9 
TELEMETRY 
AND REMOTE 
CONTROL II-- 
Remote Control 

Session 10 
ANTENNAS AND 
PROPAGATION II— 
Antennas 

Session 11 
AERONAUTICAL 
AND NAVIGA- 
TIONAL ELECTRON- 
ICS I—Airborne De- 
vices and Environment 

Session 12 
BROADCAST 
TRANSMISSION 
SYSTEMS I—TV 
Broadcasting 

Session 13 
AUDIO I—General 

Session 14 
INFORMATION 
THEORY I 
(Ends at noon) 

Session 15 (Joint) 
INSTRUMENTA- 
TION AND TELE- 
METRY AND RE. 
MOTE CONTROL 

Session 16 
ELECTRON DE-
VICES 1—Tubes 

Tuesday 
March 22 
2:30 P.M, 
5:00 P.M. 

Tuesday 
March 22 
8:00 P.M.- 
10:30 P.M. 

--
Wednesday 
March 23 
10:00 A.M.- 
12 : 30 P.M. 

Session 17 
INSTRUMEN- 
TATION II 

Session 18 
ENGINEERING 
MANAGEMENT I— 
Panel Discussion: Oper- 
ations Research—A 
Tool of Engineering 
Management 

Session 19 
AERONAUTICAL 
AND NAVIGA- 
TIONAL ELECTRON- 
ICS II—Radar and 
Aircraft Landing Aids 

Session 20 
BROADCAST 
TRANSMISSION 
SYSTEMS II— Cok r 
Television 

Session 21 
AUDIO II—Sympo- 
sium: Music. High Fi- 
delity. and the Listener 

Session 22 
TELEMETRY AND 
REMOTE CONTROL 
Ill—Recent Telemeter- 
ing Developments 

Session 23 
ELECTRON DE. 
VICES 11—Microwave 
Tubes 

Session 24 
AUTOMATIC CON. 
TROL II—Trends in 
Automatization of Pro-
cedures and Processes 
in Business and Indus-
try 

Session 25 
AUDIO III—Seminar: 
Magnetic Recording for 
the Engineer 

Session 26 
ULTRA- 
SONICS 1 

Session 27 
ELECTRONIC COM- 
PUTERS I 

Session 28 
MICROWAVE THE- 
ORY AND TECH- 
NIQUES I—Micro- 
wave Components 

Session 29 
PRODUCTION 
TECHNIQUES—Elec- 
[sonic Equipment As. 
sembly Methods 

Session 30 (Joint) 
INSTRUMENTA- 
TION AND NU- 
CLEAR SCIENCE 

Session 31 (Joint) 
SYMPOSIUM ON 
SPURIOUS RADIA- 
TION 
(Ends at noon) 

Session 32 
CIRCUIT THEORY 
II—General Theory 

Session 33 
ANTENNAS AND 
PROPAGATION I I I-
Panel Discussion: Ex. 
tended Range VHF and 
UHF Propagation 

Wednesday 
March 23 
2:30 P.M.- 
5:00 P.M. 

Session 34 
ULTRA- 
SONICS II 

Session 35 
ELECTRONIC COM- 
PUTERS II—Sympo- 
sium: The Design of 
Machines to Simulate 
the Behavior of the Hu- 
man Brain 

Session 36 
MICROWAVE THE- 
ORY AND TECH- 
NIQUES II—Micro- 
wave Techniques 

Session 37 
QUALITY CONTROL 
AND RELIABILITY 
STUDIES OF ELEC-
TRONIC TUBES AND 
SYSTEMS 

Session 38 
BROADCAST AND 
TV RECEIVERS 

Session 39 
CIRCUIT THEORY 
III—Filters and Lines 

Session 40 
ANTENNAS AND 
PROPAGATION IV--
Propagation 

Thursday 
March 24 
M : 00 A.M.- 
12:30 P.M. 

Session 41 
MEDICAL 
ELECTRONICS 
I—Panel pit« P. 
skin 

Session 42 
INFORMATION 
THEORY II 

Session 43 
ELECTRON DE- 
VICES III—Cathode- 
Ray Type Tubes 

Session 44 
COMPONENT 
PARTS I—Elect o - 
Magnetic Devices 

Session 45 
NUCLEAR SCIENCE 
I 

Session 46 
ENGINEERING 
MANAGEMENT II— 
General 
(Ends at noon) 

Session 47 
MICROWAVE THE- 
ORY AND TECH- 
NIQUES III— Ferrites 

Session 48 
ELECTRONIC COM-
PUTERS III 

Thursday 
March 24 
2:30 P.M.- 
5 : 00 P.M. 

&slime 49 
MEDICAL 
ELECTRONICS 
II—General 

Session 50 
ENGINEERING 
MANAGEMENT III 
—Symposium: Manage- 
ment Selection as Viewed 
by Psychologists and 
Engineering Executives 

Session 51 
ELECTRON DE- 
VICES IV— Transis- 
tors 

Session 52 
COMPONENT 
PARTS II—Generz 1 

Session 53 
INFORMATION 
THEORY III 

Session 54 (Joint) 
MICROWAVE COM- 
MUNICATIONS AND 
SYSTEMS 

Session 55 
AERONAUTICAL 
AND NAVIGA-
TIONAL ELEC-
TRONICS I I I —Navi-
gat ion 
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SUMMARIES OF TECHNICAL PAPERS 

SESSION I 

MON. 2:30-5:00 P.M. 

BELMONT-PLAZA 
MODERNE ROOM 

Instrumentation I 

Chairman: P. S. CHRISTALDI, Allen B. 

Dumont Labs., Inc., Clifton, N. J. 

• 

1.1 "Direct-Reading Instrument for 
the Measurement of RMS Pulse Jit-

ter," by Jesse J. Taub and Charles I. 
Smith, Material Laboratory, New 
York Naval Shipyard, Brooklyn 1, 

N. Y. 
An instrument for the measurement of rms 

time jitter in the leading edges and trailing 
edges of video pulses is described. In conjunc-
tion with a detector, this device will also meas-
ure jitter in rf pulse trains. The instrument 
operates on the principle that a portion of the 
electrical energy of the jitter may be isolated 
from the energy of the pulse train by means of 
a low-pass filter. It can be shown mathemati-
cally that the portion of the jitter energy thus 
isolated can be converted to a voltage which is 
directly proportional to the rms time jitter in 
microseconds. This equipment is easily cali-
brated and is direct-reading. The jitter may 
have sinusoidal, random, or other waveforms. 

1.2 "An Automatic Sonic Spectrum 
Analyzer and Curve Tracer," by 
Edward F. Feldman, Panoramic Ra-
dio Products, Inc., Mt. Vernon, N. Y. 

The instrument described is an all-electronic 
panoramic spectrum analyzer which provides a 
means for rapid sonic Fourier analysis. A wide-
band 40-20,000 cps logarithmic and three vari-
able center-frequency linear-sweep modes are 
selectable by means of a switch. Both linear and 
two decade logarithmic vertical deflection 
amplitude axes are provided. The instrument's 
residual distortion is at least — 60 db. 

The crux of the log sweep design lies in the 
relationship between dfldl, the rate of scan, 
and the maximum achievable adjacent fre-
quency component resolution. An expression is 
derived which relates the IF bandwidth to the 
instantaneous dedi. By means of a dual swept 
crystal filter, the bandwidth is varied in syn-
chronism with the log frequency scan to main-
tain optimum resolution at all frequencies. 
A simple adjunct equipment converts the 

analyzer into an audio sweep generator and fre-
quency response curve tracer which has unique 
properties. "Stopbands" more than 60 db down 
are measured accurately because of the syn-
chronous detection action. 

1.3 "A Simplified Method for the 
Measurement of Highly Linear Saw-
tooth Waveforms," by Sherwood 
King, University of Tennessee, Knox-

ville, Tenn. 
A resistance-capacitance differentiating cir-

cuit is described which develops a constant 
amplitude signal during the useful portion of 
the Mwtooth, with the departure from linearity 
appearing as deviations from the constant 
level. Following removal of the constant level, 

the deviations are amplified and displayed on a 
standard cathode-ray oscilloscope. In this way 
the effect of altering various circuit parameters 
in the sweep generator is immediately ob-
served. 

The equation necessary to determine the 
error arising from the use of an imperfect dif-
ferentiator is derived, and an example of the 
successful use of this technique is given as well 
as the conditions necessary for applying this 
method to sawtooth waveforms of other ampli-
tudes and periodicity. 

1.4 "The Diagraph—A Direct-
Reading Instrument for Graphic 
Presentation of Complex Imped-
ances and Admittances," by Rich-
ard C. Hess, Federal Telephone & 
Radio Co., Clifton, N. J. 

The necessity for measuring complex im-
pedances at rf rapidly and accurately is becom-
ing an increasingly important problem. An 
instrument is described which measures com-
plex impedances and presents the results 
graphically in the most useful form (i.e., either 
on a Smith chart, Carter chart, or a Polar chart 
in terms of a complex reflection coefficient.) 
Use is made of directional couplers to meas-
ure the amplitude of the reflection factor di-
rectly and to project its magnitude on the 
chart by means of a light-spot galvanometer. 
The phase angle is determined semi-automati-
cally and is indicated by a rotation of the chart. 
In addition to measuring impedances, the un-
usual flexibility of the device allows it to meas-
ure attenuation and phase shift in a four-termi-
nal network and also the phase difference be-
tween two signals. This paper describes work 
done by the firm of Rohde and Schwarz, Ger-
many. 

1.5 "Measurement of Parameters 
that Determine Front Edge Re-
sponse of Pulse Transformers," by 
Isidore Bady, Signal Corps Engi-
neering Labs., Ft. Monmouth, N. J. 

The equivalent circuit that is commonly 
used in the analysis of the front edge response 
of pulse transformers consists of the leakage 
inductance and distributed capacitance of the 
pulse transformer. Several methods that have 
been used to measure these parameters are 
analyzed and sources of errors discussed. A 
novel method for the measurement of the pa-
rameters is described. Results obtained with 
this method agree very well with theoretically 
calculated values. A large amount of test data 
on many different type transformers is pre-
sented to support the theoretical analysis. 

SESSION II 

MON. 2:30-5:00 P.M. 

WALDORF-ASTORIA 
STARLIGHT ROOF 

Antennas and Propagation I 
Antennas 

Chairman: JOHN V. N. GRANGER, Stanford 
Research Institute, Stanford, Calif. 

349 

2.1 "Efficiency of Surface Wave 
Excitation," by Alan F. Kay, Tech-
nical Research Group, New York, 
N. Y., and Francis J. Zucker, Air 
Force Cambridge Research Center, 
Cambridge, Mass. 

The excitation efficiency of surface waves is 
the ratio between the power in an open-wave-
guide mode and the total power available at the 
feed. It should be maximized if the open wave-
guide is used as a transmission line; and it 
should be a predictable quantity if the guide is 
used as an antenna whose pattern is to be 
modified in some specified manner by the feed 
radiation. 

A method based on Fourier transforms is 
used to calculate the excitation of dipoles, slots, 
and extended sources of arbitrary orientation. 
Some of the predictions have been verified ex-
perimentally. The question of optimum effi-
ciency obtainable for diverse surface wave ap-
plications is also discussed. 

2.2 "Serrated Waveguide: Theory 
and Experiment," by R. S. Elliott and 
K. C. Kelly, Hughes Research and 
Development Lab., Culver City, Calif. 

An experimental study of linear arrays of 
closely spaced nonresonant transverse slots in 
X-band waveguide is described and analytical 
expressions for the complex propagation con-
stant in the guide proper are given. These 
closely slotted (or serrated) waveguides have 
the advantage of broadband operation and may 
be used as flush-mounted antennas in many ap-
plications. Normally the beam maximum oc-
curs at a tilt angle from endfire equal to 
cos-, c/vg. The guide velocity, re may be 
altered by the use of a ridge in the guide, or a 
dielectric, or by varying the thickness of the 
slotted wall. The last mentioned method has 
the ability to speed or slow the wave in the 
guide depending on the wall thickness and the 
slot length. Aperture illumination can be con-
trolled by varying slot length and spacing. 
Characteristics obtained and applications at-
tempted are given in some detail, and the wide 
range of possible beam shapes is discussed. 

2.3 "Properties of a Radiating Dis-
continuity on a Corrugated Surface 
Transmission Line," by M. J. Ehr-
lich and I. K. Williams, Microwave 
Radiation Co., Inc., Venice, Calif. 

Although much work has been done, both 
theoretically and experimentally, on surface 
wave transmission lines and surface wave 
radiators, no data have been available regard-
ing the radiation properties and equivalent net-
work representation of radiating discontinuity 
on the surface wave transmission line. 

An experiment was designed to obtain the 
free-space radiation patterns and equivalent 
network representation of a discontinuity on a 
corrugated surface-wave transmission line as a 
function of the parameters of the discontinuity 
and line. 

Data obtained were then used to formulate 
an empirical theory which furnishes the four-
terminal network representation and free-
space radiation characteristics. 

These data and the empirical theory allow 
the design of shaped beam antennas, physically 
realized by surface-wave transmission lines 
utilizing corrugation discontinuities as the 
radiating elements, to be carried out by current 
linear array design theories. 
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2.4 "Symmetrical Microwave 
Lenses," by C. Goatley and C. F. 
Parker, Melpar, Inc., Alexandria, 
Va. 

Three new microwave lenses are described 
which have the common property that they 
focus energy arriving from two diametrically 
opposite directions in space. One of these lenses 
with constant index of refraction is related to 
the double convex lens of optics while the other 
two are formed of variable index of refraction 
media. The derivations of the equations for 
each lens are briefly discussed and methods of 
construction are indicated. Experimental 
models of each lens are described together with 
results of radiation pattern measurements. 

2.5 "Lens and Feed System for 
Volumetric Scanning GCA Anten-
na," by George D. M. Peeler and 
William F. Gabriel, Naval Research 
Lab., Washington, D. C. 

An X-Band, bifocal, constrained, metal 
plate lens, 10X 15 feet, has been designed to 
produce a beam ¡XI degrees, and to permit 
scanning this beam over a volume 61 degrees in 
elevation by 20 degrees In azimuth ( ± 6.7 
beamwidths in elevation by ± 13.3 beamwidths 
in azimuth). The correction points are at ± 10 
degrees azimuth, 0 degrees elevation. A plane 
focal surface is obtained by stepping the lens in 
approximately hyperbolic contours to correct 
phase errors on-axis while maintaining perfect 
focus at the correction points. Wavefront cal-
culations show deviations less than one-tenth 
wavelength from a plane wave for all feed posi-
tions within the volume of interest. 

The subject antenna was proposed by Naval 
Research Laboratory for obtaining a rapid, 
two-dimensional scan directly applicable to the 
GCA (Ground Control Approach) aircraft 
landing problem. It is to consist of a lens, a 
stacked organ pipe, and a ring scanner. An 
X-Band prototype sponsored by the Air Force, 
is now under development which will scan a sec-
tor of 63 degrees in elevation by 20 degrees in 
azimuth with four pencil beams of beamwidths 
degree in elevation by 1 degree in azimuth. A 

"television" type scan action is to be employed 
in which there are 20 horizontal scan lines 
spaced 3 degree apart and the frame repetition 
rate is 4 per second. To accommodate the four 
pencil beams, the 63 degrees elevation scan is 
to be divided into four sectors of 13 degrees, 
all four sectors to be scanned simultaneously. 
An experimental working model of the feed sys-
tem (organ pipe plus ring scanner) has been 
built and tested, with satisfactory results ob-
tained therefrom. 

SESSION III 

MON. 2:30-5:00 P.M. 

WALDORF-ASTORIA 
ASTOR GALLERY 

Mobile Communications 

Chairman: DANIEL E. NOBLE, Motorola. 
Inc., Chicago, Ill 

• 

3.1 "An Experimental Mobile Dis-
patching System," by R. W. Collins 

and V. A. Douglas, Bell Telephone 
Labs., New York, N. Y. 

This mobile telephone system provides dis-
patch service for a number of small vehicular 
groups and their respective dispatchers on one 
radio channel. Wire lines connect the dis-
patchers' standard manual telephone sets di-
rectly to common terminal and signaling equip-
ment arranged to control the radio transmitter 
and receiver and to comply with FCC rules. 
The fleets use commercially available radio 
equipments modified to add suitable tone gen-
erating and receiving equipment. It is antici-
pated that the system will be used for large 
numbers of brief calls and will increase con-
siderably the amount of dispatch type traffic 
that can be handled over telephone company 
mobile telephone facilities. 

3.2 "450 MC Mobile Equipment Em-
ploying Direct Frequency Modula-
tion," by W. Ornstein, Canadian Mar-
coni Co., Montreal, P.Q., Canada. 

A 450 mc mobile radiotelephone having 
several unique features is described. The trans-
mitter oscillator stage has an output frequency 
of 150 mc and employs a 50 mc overtone crys-
tal. Direct frequency modulation of the crystal 
is accomplished using only passive elements 
and retaining a high order of frequency sta-
bility in the oscillator circuit. 

The transmitter employs only four rf 
stages including the oscillator and has an out-
put power level of 7.5 w. 

The receiver is a double conversion super-
heterodyne employing a disc seal triode in a 
coaxial cavity as the input rf amplifier. Re-
ceiver noise figure is 10 db and sensitivity (on a 
12 db signal to noise basis) is 0.5 microvolts. 

3.3 "Design Problems of VHF Re-
peater Stations," by J. R. Neubauer, 
Radio Corp. of America, Camden, 
N. J. 

This is a discussion of the physical and 
electrical design considerations which deter-
mine the functional effectiveness and operating 
reliability of stations employing simultaneous 
operation of transmitter and receiver as a con-
trol or reradiating system. Consideration will 
be given to requirements for station location, 
primary and emergency power control and reg-
ulation, antennae supports and radio equip-
ment control and supervision. In addition, the 
effects of simultaneous operation on the system 
performance will be evaluated. Methods of 
overcoming the effects of desensitization, inter-
modulation, spurious emission and response, 
distortion and noise are discussed. The im-
portance of adequate study of propagation and 
frequency allocations are emphasized. Slides 
will be used to illustrate pertinent circuit con-
siderations and interesting applications. 

3.4 "Evaluation of Sideband Noise 
and Modulation Splatter of VHF 
Transmitters," by W. L. Firestone, 
Motorola, Inc., Chicago, Ill. 

The ever-increasing demand for additional 
spectra in the vhf and uhf bands emphasizes 
the problems of transmitter sideband noise and 
modulation sideband splatter. 

This paper is concerned with the determina-
tion and the reduction of the various factors 
which contribute to sideband splatter and 
noise. Splatter created as the byproduct of the 

modulation processes in typical AM, PM, and 
FM transmitters is analyzed, measured, and 
compared. Measurements of AM spectra show 
that this splatter exceeds the expectations 
based on simple theory and nonlinear theory is 
shown to predict the additional measured side 
bands. Noise sources in typical FM sets are de 
termined and methods of reducing noise are 
discussed. The addition of a low-pass filter as 
the last element in the audio system is shown to 
be a must in both FM and AM if noise and side-
band splatter are to be controlled. 

3.5 "A Miniature Reflectometer for 
Portable and Mobile Transmitters," 
by Edwin M. Stryker, Jr., Collins 
Radio Co., Cedar Rapids, Ia. 

It is desirable to incorporate into trans-
mitters, especially those of the portable and 
mobile types, a reflectometer or standing-wave 
indicator to provide a means of determining 
transmitter output and proper termination and 
functioning of the antenna and its transmission 
line. The reflectometer has the advantages of 
small size and low cost as well as being useful 
over a wide frequency range. Employing printed 
circuitry and requiring no adjustment to per-
mit directional coupling, this device lends itself 
well to mass production techniques. Principles 
applicable to this type of directional coupler 
are discussed and test data are given. 

SESSION IV 

MON. 2:30-5:00 P.M. 

WALDORF-ASTORIA 
JADE ROOM 

Communications Systems I 

Chairman: F. M. RYAN, American Telephone 
and Telegraph Co., New York, N. Y. 

• 

4.1 "A New Horizon in Communi-
cation Theory—The Polyphase Con-
cept," by Allan A. Kunze and John G. 
Schermerhorn, Rome Air Devel. Cen-
ter, Gress Air Force Base, Rome, 
N. Y. 

Communication engineering has been 
treated, hitherto, generally from single-phase 
concepts only. For instance, the recognition of 
push-pull circuitry as a two-phase polyphase 
circuit has not been emphasized in communica-
tion theory. Since it is believed that the signifi-
cance of the polyphase concept and its applica-
tion is not known clearly, as yet, this paper at-
tempts to fill such a need. It is demonstrated 
that the polyphase concept is of sufficient scope 
and power to penetrate into every domain con-
stituting communication theory and provide 
new approaches to old problems—information 
theory, modulation, propagation, antennas, de-
tection, tubes, circuitry and even acoustics. The 
Fortescue symmetrical component theory is 
borrowed from the power engineer and its ex-
tension is shown to be a powerful analytic tool 
in communications analysis. 

Further outlined are the possibilities of new 
antennas, transformers, circuitry, instruments 
and generally new techniques for application in 
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communications resulting from preliminary 
considerations of polyphase applications. In 
particular, such applications as interference 
suppression, multiplex, high-power generation, 
and wide aperture D/F's are discussed. 

4.2 "A Theorem Concerning Noise 
Figures," by A. G. Bose and S. D. 
Pezaris, Massachusetts Institute of 
Technology, Cambridge, Mass. 

This theorem concerns the greatest lower 
bound of the noise figure of a system consisting 
of n identical tubes whose plate signals are di-
rectly added and whose inputs are obtained 
through a linear passive coupling network from 
a source having a finite impedance. It is proved 
that the optimum attainable noise figure of this 
system is equal to the optimum noise figure of 
a circuit consisting of one such tube and an ap-
propriate coupling network. The theorem is 
extended to the lower bound of the noise figure 
of a similar circuit in which arbitrary phase 
shifts are introduced before the plate signals 
are added. This extension includes the Lse of 
distributed-line amplifiers. 

4.3 "Automatic Operation of a High-
Power Amplifier," by V. R. DeLong, 
Collins Radio Co., Cedar Rapids, Iowa. 

Automatic operation of a high-powered 
radio frequency amplifier operating in the 1.5 
to 30 mc frequency range will be described. De-
tails of a unique switchless coarse-fine informa-
tion system will be explained. Emphasis will 
also be placed upon the problems involved in 
automatically adjusting the tank circuit and 
load control of the amplifier when operating in 
single sideband service. 

4.4 "The Use of Reflex Techniques 
in a VHF-UHF Communication Sys-
tem," by Paul G. Wulfsberg, Collins 
Radio Co., Cedar Rapids, Iowa. 

The use of novel reflex techniques in the de-
sign of a new 1800 channel vhf-uhf communica-
tion set are described. Reduction of nearly 50 
per cent in tube count and 25 per cent in tuned 
circuits is achieved in a transmitter-receiver 
unit employing direct frequency synthesizing 
techniques. A new transmitter circuit is de-
scribed which eliminates the conventional side-
step oscillator and mixer. Methods permitting 
the transmit and receiver spurious responses to 
be suppressed nearly 80 db are outlined. 

The use of the foregoing techniques permits 
design of a radio set of unusually small size and 
very high reliability achieved by a 40 per cent 
reduction in total electrical components. 

4.5 "A New Teletypewriter Using 
the Integration Method of Detec-
tion," by Henning F. Harmuth, Sig-
nal Corps Engineering Labs., Ft. 
Monmouth, N. J. 

In standard teletypewriters detection of the 
signals is performed by sampling pulses and 
pulse spaces. Instead of this, one may integrate 
in several ways over the signals and use the in-
tegrals obtained for the distinction of the differ-
ent signals. This integration method is less 
susceptible to noise than the sampling method 
since the positive and negative noise ampli-
tudes partly cancel each other. Some basic as-
pects of this integration method are discussed 
and its application to the construction of a 
teletype receiver is shown. 

SESSION V 

MON. 2:30-5:00 P.M. 

WALDORF-ASTORIA 
SERT ROOM 

Industrial Electronics 

Chairmen: CONAN A. PRIEST, Onondaga Pot-
tery Co., Syracuse, N. Y., and W IL-
FRID L. ATWOOD, Warren, Ohio 

• 

5.1 "An Instrument to Count and 
Size Particles Suspended in a Gas," 
by Ernest S. Gordon, Illinois Insti-
tute of Technology, Chicago, Ill. 

An instrument embodying optical and elec-
tronic principles has been developed to count 
and size aerosol particles automatically. This 
device, known as an aerosoloscope, eliminates 
the tedious and time-consuming method em-
ployed by chemists in microscopic counting of 
particles collected on a slide. Among the appli-
cations of the aerosoloscope are the study of air 
pollution problems, milling operations, and pre-
cipitation monitoring at weather stations. 

Particles from 1 to 64 microns in diameter 
and counting rates up to 150 particles per sec-
ond are handled by the instrument described. 
The particles are diluted and drawn across a 
high intensity beam of light; a multiplier 
phototube receives the light scattered by each 
particle at 90 degrees. The resulting impulses 
are amplified and separated into 12 size groups 
by a unique pulse height discriminator. Glow 
transfer decade counters are used to count the 
pulses in the various size groups. 

5.2 "Design Considerations of Mi-
crowave Ovens," by Robert A. Ra-
puano and Robert V. Smith, Raytheon 
Manufacturing Co., Newton, Mass. 

Practical electronic ovens offering the de-
sirable characteristics of food cooked with 
microwaves have been developed using a re-
liable high power cw magnetron at 2,450 mc. 

Food has the properties of a lossy dielectric, 
and therefore can be cooked by the heat result-
ing from the absorption of microwaves in a 
multi-resonant cavity with a microwave effi-
ciency greater than 90 per cent. 

Practical designs require that the micro-
wave energy distribution be uniform and that 
the resonant cavity be the proper rf load for the 
magnetron over a wide range of food loading. 

Methods are developed for determination of 
proper magnetron operation Into various cavity 
designs. Criteria for an isotropic pattern oven 
are given. 

5.3 "High-Speed Electronic Fault 
Protection for Power Tubes and 
Their Circuitry," by W. N. Parker 
and M. V. Hoover, Radio Corp. of 
America, Lancaster, Pa. 

High-speed electronic circuits have been 
developed to minimize the possibility of dam-
age to power tubes as a consequence of the 
«flash-arc" or "Rocky Point Effect." The cir-
cuit detects the development of fault conditions 
in a power tube (and/or its circuitry) and trig-
gers a gaseous conduction device connected in 
shunt with the dc power supply. Fault cur-
rents are rapidly bypassed from the faulting 
power tube by means of the gaseous conduction 

device; consequently, the "flash-are in the pro-
tected power tube is extinguished before serious 
damage results. The gaseous conduction device 
bypasses the rectifier-output and filter-circuit 
energy until such time as the rectifier can be 
de-energized. 

5.4 "A Magnetic Thyratron Grid 
Control Circuit," by James H. Bur-
nett, Electrons, Inc., Newark, N. J. 

A new compact magnetic method for driv-
ing thyratron grids has recently simplified high-
power fast response servos and regulated power 
supplies. 

Since large power gain is available in the 
thyratron, power amplification can be sacri-
ficed in the magnetic circuit to gain speed of re-
sponse comparable to the thyratron inverse 
cycle. The new grid circuit provides a rapid 
rate of rise of thyratron firing voltage, wide-
control range and high-voltage amplification. 
Dc or ac input signals to the magnetic circuit 
work equally well, and the signal voltage 
source can be isolated from the power circuit. 

5.5 "A Static Frequency Detector, 
Magnetic Type," by Henry W. Pat-
ton, Collins Radio Co., Cedar Rap-
ids, Iowa. 

A static frequency detector operable at 
audio frequencies will be described. This de-
tector circuit delivers a dc output signal accu-
rately and linearly proportional to input fre-
quency. Large variations in input signal ampli-
tude, signal distortion, and environmental con-
ditions do not change the output signal ampli-
tude. It is easy to construct, inexpensive, and 
when once calibrated has an almost indefinite 
life. The circuit is simple, compact, and does 
not require a power supply. Input signal energy 
requirements are less than a watt. The circuit 
has application to audio frequency measure-
ments, quartz crystal manufacture, FM tele-
metering, and tachometers. 

5.6 "A New Machine for Automatic 
Production of Electronic Assem-
blies," by Cledo Brunetti, T. R. 
James, C. H. Bergsland, and D. F. 
Melton, General Mills, Inc., Minne-
apolis, Minn. 

SESSION VI 

MON. 2:30-5:00 P.M. 

WALDORF-ASTORIA 
GRAND BALLROOM 

Telemetry and Remote Control I 
Symposium: Some Problems Asso-

ciated with Telemetering and 
Remote Control of a Space 

Station 

Chairman: J. GORDON VAETII, Office 
of Naval Research, Port Wash-

ington, N. Y. 

• 

This is a symposium which will discuss some 
of the problems associated with telemetering 
and remote control of a space station. Problems 
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to be discussed include: problems associated 
with acquisition of data on the nature of space; 
problems associated with an ionic rocket en-
gine; problems associated with construction of a 
space platform; problems associated with the 
tracking of a space station; problems associated 
with training of men to operate in space; prob-
lems associated with telemetering and com-
munication. 

It is the purpose of this symposium to 
acquaint the audience of Radio Engineers with 
some of the basic problems with which he may 
some day be faced. 

6.1 "The Use of Piloted Balloons as 
Space Laboratories," by M. D. Ross, 
Office of Naval Research, Washington, 
D. C. 

6.2 " Ionic and Nuclear Problems of 
Rocket Propulsion," by F. J. Mur-
ray, Columbia University. New York, 
N. Y. 

6.3 " Instrumentation of a Mini-
mum Satellite for Astro-Physical 
Research," by S. F. Singer, Univer-
sity of Maryland, Baltimore, Md. 

6.4 "Telemetering and Control of a 
Space Station," by Wernher Von 
Braun, Redstone Arsenal, Hunts-
ville, Ala. 

6.5 "Telemetering in the Develop-
ment of Space Flight," by C. B. 
Ruckstuhl, Jr., Bendix Aviation 
Corp., N. Hollywood, Calif. 

6.6 "Synthetic Training for Space 
Flight," by G. V. Amico, Office of 
Naval Research, Port Washington, 
N. Y. 

SESSION VII 

MON. 2:30-5:00 P.M. 

KINGSBRIDGE ARMORY 
MARCONI HALL 

Circuit Theory I 
Symposium: Network Design 

Chairman: CHESTER H. PAGE, National Bu-
reau of Standards, Washington, D. C. 

• 

7.1 "Influence of Computing Ma-
chines on Network Design Meth-
ods," by John T. Bangert, Bell Tele-
phone Labs., Murray Hill, N. J. 

For years network design has relied on a 
combination of theory and experience, supple-
mented by calculation. With this procedure 
calculation has played an important though 

subordinate part. The spectacular develop-
ment of electronic computers has provided 
cogent reasons for revising certain design tech-
niques to give computation a major role. This 
has stimulated the evolution of a new design 
philosophy which will be illustrated by a group 
of selected examples. These involve such topics 
as iteration, conformal mapping, and the po-
tential analog. 

In this new philosophy the computer serves 
two major functions. The first is to uncover any 
promising solutions by rapid exploration of 
many areas. The second is to perform extensive 
mathematical operations on large quantities of 
numerical data with great speed and with com-
plete freedom from error. The use of modern 
computers has made the design of networks of 
extreme precision and complexity economically 
possible. In addition certain intractable prob-
lems formerly treated empirically are gradually 
being reduced analytically. 

7.2 "The Use of Potential Analogs 
in Network Synthesis," by Ron-
ald E. Scott, Massachusetts Institute 
of Technology, Cambridge, Mass. 

A summary is given of the use of potential 
analogs for synthesis in the time domain, the 
frequency domain, and the real-part domain. 
Most of the analogs discussed are based on cur-
rent flow in a resistive sheet. In addition a new 
device is described which combines the three 
types and yields essentially instantaneous 
curves of the gain function, the phase function, 
the real part, the imaginary part, and the 
transient response. This device can be used for 
network synthesis by any of the three methods 
and also for checking the relations between 
them. Throughout the discussion particular 
attention is devoted to the use of symmetry and 
conformal mapping to reduce the size of physi-
cal devices and decrease the inherent errors. 

7.3 "Iterative Network Synthesis," 
by Howard B. Demuth, Stanford Re-
search Institute, Stanford, Calif., and 
George A. Caryotakis, A. Donald 
Moore, and David F. Tuttle, Stan-
ford University, Stanford, Calif. 

An iterative method of network synthesis, 
believed to be new, was developed at Stanford 
by A. D. Moore in 1952. The method was 
originally applied to distributed amplifier de-
sign, but recently it has been used to synthesize 
low-pass stagger-tuned amplifiers having spe-
cial amplitude or phase characteristics. 

The iterative method consists of alternately 
satisfying two relationships between the poles 
and zeros of the system function. The first re-
lationship R1 is obtained by specifying the 
network configuration. Given the network con-
figuration, a set of zeros may be obtained from 
a set of poles. A realizable amplitude or phase 
restriction on the system function yields a sec-
ond relationship R2, which may be used to de-
termine a set of poles from the zeros. Maxi-
mally-flat or equal-ripple amplitude restric-
tions, or a linear phase restriction, have been 
used to produce R2. In each step of the iteration 
process one obtains a set of zeros from a set of 
poles using RI, and then one obtains a new set 
of poles from these zeros using R2. The object is 
to find poles and zeros which satisfy both RI 
and R2, and thereby determine a network with 
the required configuration which does have the 
desired phase or amplitude characteristic. This 
iterative process has been found to converge 
rapidly enough to be useful. As factorization of 
high-order polynomials, or evaluation of large 
determinants, is required in each cycle of itera-
tion, use of a digital computer is necessary. 

The designs produced by this method make 
best use of the available degrees of freedom. An 
optimum amplitude or phase characteristic can 
be attained without resorting to cancellation of 
the system function zeros by use of extraneous 
poles. Pole-zero cancellation has been used in 
the past to produce an all-pole function. In the 
absence of zeros the location of the poles to pro-
duce a certain characteristic is generally known. 
However, pole-zero cancellation wastes degrees 
of freedom and one fails to attain optimum 
gain-bandwidth or phase linearity, as the case 
may be. 

An example of iterative amplifier synthesis 
will be described and other designs will be pre-
sented and compared with conventional am-
plifiers. 

7.4 "The Use of Least Squares in 
Network Design," by M. R. Aaron, 
Bell Telephone Labs., Murray Hill, 
N. J. 

Least squares is an effective tool in perform-
ing the various steps in network design from 
approximation to network alignment. The com-
mon denominator in each of these procedures is 
the approximation of a desired network per-
formance or change in performance by a linear 
sum of functions. After this preconditioning, 
the mathematical steps that remain involve 
matrix multiplication and the solution of a set 
of linear simultaneous equations (matrix in-
version). Both of these processes have been 
programmed for solution by a digital computer. 
The marriage of digital computers to this means 
of network design has been highly compatible. 
Several "offspring" are displayed to attest t• 
this high degree of marital bliss. These exam-
ples include: ( 1) Alignment of a one-port to 
match a prescribed magnitude characteristic; 
(2) Solution of the approximation problem in 
the design of a two-port; (3) Synthesis of all-
pass networks into a composite delay equalizer. 

7.5 "Summation and Outlook," by 
Ernest A. Guillemin, Massachusetts 
Institute of Technology, Cambridge, 
Mass. 

SESSION VIII 

MON. 2:30-5:00 P.M. 

KINGSBRIDGE ARMORY 
FARADAY HALL 

Automatic Control I 

Chairman: JOHN E. W ARD, Massa-
chusetts Institute of Technology, 

Cambridge, Mass. 

• 

8.1 "Analysis of Combined Sam-
pled- and Continuous-Data Systems 
on an Electronic Analog Computer," 
by Louis B. Wadel, Chance Vought 
Aircraft, Inc., Dallas, Texas. 

Combination sampled- and continuous-data 
dynamic systems can be studied on a conven-
tional electronic analog computer. The only 
auxiliary equipment needed is a timing device 



1955 IRE National Convention Program 353 

to control relays already contained in the com-
puter. Each combination of sampling-switch 
and zero-order hold device is simulated by one 
integrator connected as a store and controlled 
in state separately from the integrators in the 
continuous-data portion of the circuit. Simula-
tion of higher-order hold devices require addi-
tional storage integrators. Real time solution is 
not obtained because computer time halts dur-
ing sampling. 

8.2 "An Adaptive Servo System," 
by A. H. Benner and R. F. Drenick, 
Radio Corp. of America, Camden, 
N. J. 

An adaptive servo system is here defined as 
a servo which can adjust its parameters in ac-
cordance with the character of its input. It is 
intended to follow chiefly inputs which vary 
linearly with time. It is therefore designed for 
this purpose as a linear device. However, on 
occasion the signal is expected to vary quad-
ratically with time. This suggests that an adap-
tive feature of the servo be added which allows 
it to change its parameters for tight and fast 
follow-up. A linear system is first described and 
an equation for signal prediction is derived. 
The limits of stability of this system are shown 
graphically and analyzed. It is then shown that 
the conditions for optimum performance for 
following a quadratic signal are strictly incom-
patible with those for a linear one. 

The nature of the adaptive system is dis-
cussed and the necessary limiting conditions for 
its use are stated. It is shown that the decision 
as to when to shift to the tight mode of opera-
tion and back, can be based on the instantane-
ous follow-up error. Optimum decision rules are 
drawn up and discussed. Finally the pm form-
ance of an adaptive servo is compared to a 
linear servo for typical statistical and non-
statistical inputs. Considerable improvement 
in performance is indicated. 

8.3 "Application of a Magnetic Am-
plifier to a High-Performance In-
strument Servo," by Paul R. Johan-
nessen, Massachusetts Institute of 
Technology, Cambridge, Mass. 

The design of a high-performance two-phase 
motor servomechanism utilizing a magnetic 
amplifier as the power stage will be described. 
For compensation, the servomechanism em-
ploys tachometer feedback, passed through a 
high-pass filter to obtain a high velocity con-
stant. The magnetic amplifier not only pro-
vides a convenient, compact power output 
stage, but also has the advantages of being in-
sensitive to quadrature and of being able to 
accept as its input the sum of an ac error signal 
and a dc tachometer signal. The high-pass 
tachometer filter blocks the transmission of dc 
bias voltages to the magnetic amplifier, so that 
the servomechanism has extremely low drift. 

8.4 "A Nonlinear Compensating 
Configuration for Saturating Servo-
mechanisms," by W. H. Surber, Jr., 
Princeton University, Princeton. N.J. 

A nonlinear compensating circuit configura-
tion for a feedback control system which can 
appreciably improve its performance relative 
to that obtainable using conventional types of 
control networks is analyzed and the system 
operating characteristics studied. Experimental 
results are given for an actual positional servo-
mechanism and for several somewhat idealized 
systems simulated with an analog computer. 

Two general classes of nonlinearities are im-
portant in the operation of high performance 
servomechanisms. The ultimate obtainable dy-
namic performance is limited by saturation in 
the power amplifying elements and in the out-
put energy conversion device. For optimum 
utilization of equipment, the output device 
should be operated at its maximum or satura-
tion level for relatively small errors or error 
derivatives. In the neighborhood of the error 
null, however, a group of "small signal" non-
linearities such as potentiometer resolution, 
backlash, coulomb friction and others impose 
limitations on the system performance and af-
fect the control network design in order to pre-
vent small amplitude hunting. 
A nonlinear auxiliary feedback loop consist-

ing of a regenerative connection of the output 
rate signal through a nonlinear network and a 
stabilizing high-pass filter is shown to provide a 
close approach to the optimum recovery of the 
system from saturation without affecting the 
error null stability as is the case for certain 
other types of nonlinear control configurations 
for saturating servomechanisms. This can be 
accomplished with relatively simple and relia-
ble networks. 

8.5 "Delay-Line Methods for Com-
pensating Closed-Loop Systems in 
the Time Domain," by R. E. Scott 
and Y. C. Ho. Massachusetts Insti-
tute of Technology, Cambridge, Mass. 

Theoretical, analog, and experimental re-
sults are given for a new method of compensat-
ing feedback networks in the time domain. The 
method is based upon the open-loop impulse re-
sponse of the system, and it yields the desired 
closed-loop transient response and the required 
compensation network. The compensation net-
work is obtained in the form of a distributed 
element transfer function which can be realized 
approximately by lumped parameter elements. 
If the design criteria are given in the time do-
main, a simple iterative procedure will lead to 
the desired result. If the design criteria are 
given in the frequency domain, the required 
network is obtained by the inversion of a spe-
cified matrix. 

SESSION IX 

TUES. 10:00 A.M.-12:30 P.M. 

BELMONT-PLAZA 
MODERNE ROOM 

Telemetry and Remote Control II 
Remote Control 

Chairman: CHARLES H. DOERSAM, J R., Sperry 
Gyroscope Co., Great Neck, N. Y. 

• 

9.1 "New Apparatus and Tech-
niques of Air Traffic Control Data 
Handling and Display," by David J. 
Anthony, Convair, San Diego, Calif. 

General limitations of conventional radar 
identification techniques are defined insofar as 
they place limits upon the information capacity 
of compatible codes. A complete system is de-
scribed wherein a new type of display tube is 
utilized. This tube produces joint displays of 
radar data and identification symbols wherein 

symbol displays are directly formed without 
the necessity for area scanning. An associated 
computer and control system is described, 
which serves to convert time sequential codes 
into analog data for control of the tube display. 
Details of the display tube, the manner in 
which registration difficulties are minimized, 
code- and timing-sequences are discussed. 

9.2 "The Role of the Digital Com-
puter Processing in Guided Missile 
Data," by II. N. Morris, RCA Mis-
sile Test Proj., Patrick A F Base, Fla. 

The high-speed automatic digital computer 
has become an indispensable tool in the process-
ing of guided missile data. Major utilization 
has been in the field of optical position and atti-
tude data reduction. One example is the com-
puting of position of a vehicle in space, given 
azimuth, elevation, and timing information 
from two or more instruments, along with ac-
curate position location of the data-gathering 
cameras. Electronic position and trajectory in-
formation provide an ever-increasing workload 
for the computer as new type radar and other 
electronic measuring devices are placed into 
operation. Last, but certainly not destined to 
be least, is the field of telemetering. The highly 
versatile digital computer offers tremendous 
possibilities in the processing of this "internal" 
data so as to increase by large factors both the 
speed and accuracy of the reduction. 

9.3 "A New Method for Designing 
the Compensation of Feedback Con-
trol Systems," by Gilbert S. Stubbs, 
The Franklin Institute, Philadelphia, 
Pa. 

It is often convenient to separate the syn-
thesis of the open-loop transfer function of a 
feedback control system from the details of 
compensation circuitry. A method for accom-
plishing this end is outlined in this paper. A 
significant feature of the method is the repre-
sentation of the control compensation by a 
single-series transfer function equal to the sys-
tem open-loop function, divided by the product 
of the transfer functions of the fixed compo-
nents in the open loop. A few general restric-
tions on this series-equivalent compensation 
function usually suffice to insure realizable 
compensation circuits. Graphical and analyti-
cal methods for synthesizing the compensation 
circuit functions to obtain the series-equivalent 
function are described. 

9.4 "Analysis of Sampled Data Sys-
tems and Digital Computers in the 
Frequency Domain," by Rubin Box-
er, Rome Air Devel. Center, Griffiss 
A F Base, Rome, N. Y. 

Functions defined at discrete intervals, i.e., 
sampling or impulse functions are analyzed. 
These are shown to be Laplace transformable 
utilizing either jump or impulse functions. The 
relation between jump function transforms and 
z-transforms is derived. 

Methods for solving linear difference equa-
tions utilizing z-transforms are introduced. The 
particular difference equations utilized as 
examples are derived from digital positional 
and velocity-aided track with scan-feedback 
loops. 

The concept of transfer function for sampled 
data systems is utilized. Equivalent Nyquist 
diagrams are derived for a frequency analysis 
of the systems previously solved by the differ-
ence equation method. 
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The utility of the techniques for analyzing 
digital computer programs is illustrated by a 
frequency analysis of numerical analysis meth-
ods of differentiation and integration. 

Limitations of the methods are included. 

SESSION X 

TUES. 10:00 A.M.-12:30 P.M. 

WALDORF-ASTORIA 
STARLIGHT ROOF 

Antennas and Propagation II 
Antennas 

Chairman: GEORGE SINCLAIR, Sinclair Ra-

dio Labs., Ltd., Ontario, Can. 

• 

10.1 "Omnidirectional Circularly 
Polarized Antennas," by K. S. Kel-
leher and C. W. Morrow, Mel par 
Inc., Alexandria, Va. 

This paper considers several circularly po-
larized antennas with radiation patterns which 
are omnidirectional in azimuth and which, in 
the vertical plane have, respectively, a broad 
beam, a narrow beam and a shaped beam. The 
broad-beam pattern is obtained from a biconi-
cal horn structure in which circular polarization 
has been introduced by means of depolarizing 
elements. The other two antennas consist of 
toroidal lenses fed by the biconical horn radia-
tor. Because of the symmetry of these lenses, 
their design can be obtained from a two-dimen-
sional analysis. For the narrow beam lens, the 
analysis is straightforward. The shaped-beam 
system required a novel design. 

10.2 "The N.R.L. Precision ' Big 
Dish' Antenna," by D. L. Holz-
schuh, Collins Radio Co., Cedar Rap-
ids, Iowa. 

The highest gain antenna in the world to-
day is the 50-foot parabolic reflector built for 
the Naval Research Laboratory for operation 
at wave-lengths as short as 8 mm. A description 
of this precision antenna, which is used for re-
search in radio astronomy, is presented. The 
mechanical aspects of the dish are given pri-
mary consideration. Fabrication procedures, 
design considerations, and a description of the 
unique surface machining apparatus are treated 
—these techniques yielding a reflector with an 
over-all surface accuracy of ± 0.020 inches. A 
mention is made of a few of the recent advances 
in radio astronomy made at N.R.L. through 
the use of the Big Dish—testifying to the suc-
cessful completion of the project. 

10.3 "The Omniguide Antenna; an 
Omnidirectional Waveguide Array 
for UHF-TV Broadcasting," by 
O. M. Woodward, Jr., RCA Labora-
tories, Princeton, N. J., and James 
Gibson, Vattersnas, Sweden. 

The Omniguide antenna is a new type of 
high-gain antenna developed for UHF-TV 
broadcasting. Waveguide components are em-
ployed in the design instead of coaxial line ele-- 
ments in order to increase the power-handling 
capacity. Separate picture and sound inputs 
are provided which are decoupled independent 

of frequency, thus eliminating the need for a 
frequency-selective combining filter. A reflec-
tion-absorbing circuit increases the picture in-
put bandwidth with very small sacrifice of 
power. 

Experimental measurements taken on an 
antenna of this type constructed for UHF 
Channel No. 72 are described. Considerations 
are given to several alternative variations of the 
system to cover the entire UHF range. 

10.4 "The Circular Traveling-Wave 
Antenna," by W. J. Bergman and 
F. V. Schultz, The University of Ten-
nessee, Knoxville, Tenn. 

This antenna consists of a wire formed into 
a circle, fed at one point and so terminated at 
the diametrically opposite point that only a 
traveling wave exists on the antenna. The 
azimuthal radiation patterns have been calcu-
lated over a frequency range of three-to-one, 
and measured over a frequency range of eight-
to-one. The patterns have a single main lobe 
with rather high-level sidelobes. An initial in-
vestigation has been made of the possibility of 
reducing the sidelobe level by using two con-
centric circular antennas having different radii. 

10.5 "Stripline Radiators," James 
A. McDonough, Airborne Instru-
ments Lab., Inc., Mineola, N. Y. 

The application of etching and printing 
techniques to electronic circuits makes feasible 
the construction of microwave strip antenna 
arrays both from practical and economical 
viewpoints. Many conventional broadside cur-
tains used at lower frequencies were impractical 
to fabricate in the region above 1,000 mc. Prog-
ress in the design of strip conductors as micro-
wave antennas indicates that many of these 
arrays can now be adapted for operation at 
microwaves and fabricated with sufficient ac-
curacy to be truly useful. Some of the com-
ponents involved in the design of strip anten-
nas, such as balanced lines, twists, baluns, and 
power dividers have been investigated. Com-
plete strip arrays consisting of up to 80 ele-- 
ments have been tested. The gain, bandwidth, 
and radiation patterns appear comparable to 
the results obtained from the corresponding 
arrays used at the lower frequencies for which 
the same theory of operation applies. 

SESSION XI 

TUES. 10:00 A.M.-12:30 P.M. 

WALDORF-ASTORIA 
ASTOR GALLERY 

Aeronautical and Navigational 
Electronics I 

Airborne Devices and Environment 

Chairman: G. L. HALLER, General 
Electric Co., Syracuse, N. Y. 

• 

11.1 "Aircraft Electronics—Envi-
ronment, Specifications and Surviv-
al," by F. Mints and M. B. Levine, 
Armour Research Foundation, Chi-
cago, Ill. 

The widespread use of electronics in mili-
tary aircraft requires constant evaluation of the 
design criteria as related to reliability. Of con-

siderable importance are the environmental fac-
tors: mechanical shock, vibration, and noise 
This paper examines the existing environments 
as measured aboard both reciprocating and jet 
engine aircraft, and draws a comparison with 
current military specifications governing shock 
and vibration testing of electronic components. 
In addition, the results of shock and vibration 
testing on representative airborne electronic 
components are presented. Also included are 
the effects of high-intensity sound on certain 
components. Some recent work shows that 
high-intensity acoustic excitation can produce 
malfunctions of electroniccomponents, although 
no government specifications cover acoustic 
effects. Much of the work discussed was spon-
sored by the Wright Air Development Center. 

11.2 " Dynamic Environmental 
Testing of Airborne Electronic 
Components," by R. H. Jacobson 
and M. B. Levine, Armour Research 
Foundation, Chicago, Ill. 

The effects of vibration, shock, and high in-
tensity acoustic excitation on airborne elec-
tronic components and equipments were in-
vestigated. The investigation was conducted 
under Air Force sponsorship with the ultimate 
objective of enhancing the reliability of elec-
tronic equipment utilized in conventional air-
craft as well as missiles. 

Tubes, relays, potentiometers, transform-
ers, fixed capacitors, and pressure switches were 
included among the components which were 
studied. The paper describes the techniques 
and procedures followed and summarizes the 
test results obtained. 

11.3 "A Communication Theory 
Approach toward the Design of Air-
craft Instrument Displays," by 
Lawrence J. Fogel, Stavid Engineer-
ing, Inc., Plainfield, N. J. 

The effectiveness of a military aircraft de-
pends upon the transmission of information 
from the instrument display to the pilot. In the 
past, this communication link has received 
much empirical study. Now, however, an ana-
lytical approach is possible which will not only 
indicate which display design is better, but will 
also provide criteria to insure future displays 
that will meet the specified requirements of the 
aircraft system wherein they must operate. An 
approach-strategy for such a research program 
is presented in this paper, together with its 
limitations and an indication cl those aspects 
which must yet be studied before the final solu-
tions will be achieved. Although much remains 
to be done, sufficient data are currently obtain-
able to allow displays to be designed with the 
knowledge that they will fulfill their mission. 

11.4 "The Cl9K Charactron," by 
J. T. McNaney, Convair, San Diego, 
Calif. 

An engineering paper on the C19K Charac-
tron will include detailed discussions of its 
operating characteristics and applications to 
which this cathode-ray tube is being put as a 
large screen-target identification-display instru-
ment in air surveillance systems. Its utility as a 
computer read-out device will also be discussed. 

An analysis of the tube and its associated 
components has been made, which includes a 
discussion of the electron optical system, the 
beam-forming principle, and beam-deflection 
system. The discussion will be supplemented by 
diagrams, illustrations, and photographs which 
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explain the optical properties and behavior of 
the beam, and which also show actual dis-
plays of characters on the viewing screen of the 
tube. 

11.5 "Versatility of Floated-Type 
Rate Integrating Gyroscopes in Sys-
tems Applications," by J. W. Lower, 
Minneapolis-Honeywell Regulator 
Co., Minneapolis, Minn. 

Floated Rate Integrating Gyroscopes (HIG 
Units) have been gaining ever increasing ac-
ceptance in high-performance systems over the 
last five years. The reasons for this include the 
combination of extreme ruggedness with high 
sensitivity, a wide dynamic range of operation, 
fast response characteristics, and considerable 
versatility in servo-loop closures. These gyros 
can be used as displacement gyros, as platform-
stabilization gyros, or as rate-measurement 
gyros. The combination of a precision torque 
motor with the gyro permits highly accurate 
precession characteristics to command inputs 
Several gyro applications and the attendant 
systems' concepts are explored in this paper. 

SESSION XII 

TUES. 10:00 A.M.-12:30 P.M. 

WALDORF-ASTORIA 
JADE ROOM 

Broadcast Transmission Systems I 
TV Broadcasting 

Chairman: RONALD J. ROCKWELL, Crosley 
Broadcasting Corp., Cincinnati, Ohio 

• 

12.1 "Synchronization of Multiplex 
Systems for Recording Video Sig-
nals on Magnetic Tape," by Don-
ald E. Maxwell and William P. 
Bartley, G. E. Co., Syracuse, N. Y. 

The over-all and inter-channel timing-ac-
curacy requirements for multiplex, magnetic. 
tape recording systems are discussed, with par-
ticular emphasis on the synchronization of 
time-division multiplex systems designed for 
use in the megacycle frequency range. The 
effects of tape flutter and skew on timing ac-
curacy are considered, and methods for achiev-
ing good synchronization despite flutter and 
skew are described. The effects of inadequate 
synchronization on the signal output of the 
system are shown. 

12.2 "Channel Response Require-
ments of Multiplex Systems for Re-
cording Video Signals on Magnetic 
Tape," by Benjamin G. Walker, 
General Electric Co., Syracuse, N. Y. 

Recently the time-division multiplex proc-
ess has been employed as a means of recording 
a wide-band video signal on multiple-track 
magnetic tape. The desired frequency response 
in the individual channels is discussed, and a 
simple method for relating the sampling errors 

to the deviations from ideal response is de-
veloped. The effects of sampling errors on the 
output video signal are shown. 

12.3 "Ferrite Heads for Magnetic 
Recording in the Megacycle Range," 
by William R. Chynoweth, General 
Electric Co., Syracuse, N. Y. 

The performance, in a linear magnetic re-
cording system, of ferrite heads having mil 
resolution, has been evaluated. The use of fer-
rite heads in a system recording in the mega-
cycle range has been shown to be feasible, and a 
determination of the advantages and disad-
vantages of these heads for this use has been 
made. 

12.4 "Attenuation Measurements 
on Short Line Samples," by Louis E. 
Raburn, Crosley Division, A VCO 
Manufacturing Corp., Cincinnati, 
Ohio. 

A simple technique has been developed to 
measure the attenuation of relatively short 
samples of rigid coax lines. The general tech-
nique employed is to short both ende of the 
line, couple into one end through an impedance 
meter, and then measure the input impedance 
of the line as a resonant coaxial (TEM) cavity. 
In an example measurement the line sample Is 
terminated at both ends with shorting plates 
having RMA flanges and center bullets. 

The same technique could be used to calcu-
late the attenuation of other transmission lines 
including the open-wire and waveguide types. 

12.5 "A New Television Transmit-
ting Antenna," by R. W. Masters 
and C. J. Rauch, The Ohio State Uni-
versity, Columbus, Ohio. 

The structural simplicity, broadband im-
pedance, and beam-pattern properties of 
traveling-wave antennae lead one to consider 
them for use in TV broadcasting. By locating 
the proper type of element more or less uni-
formly in a prescribed spiral along a transmis-
sion line, it is possible to obtain high-gain, null-
less, pancake beams which are stabilized in di-
rection over suitable vhf or uhf frequency 
ranges. 
A practical embodiment utilizing probe-

coupled, axial-slot radiators in the outer shell of 
a large diameter coaxial-transmission line is de-
scribed, as well as measured characteristics of a 
representative (channel 7), high-frequency scale 
model, simple analysis and design equations. 

12.6 "Spurious Emission Filters for 
High-Power TV Transmitters," by 
William J. Judge, Jr., East Pater-
son, N. J. 

The basic theory and design of the trans-
mission line constant-K low-pass section is 
evolved from a survey of papers on the subject. 
In addition, theory and design of transmission 
line low-pass M-derived sections (aeries and 
shunt) is discussed. 

The composite filter is constructed, with 
specific application to television transmission 
service. Correlation of theory with practical de-
sign of high-power vhf and uhf filters is demon-
strated. Associated mechanical problems are re-
lated. Charts showing the pass band and stop-
band characteristics of (a) channel 2-6 25 kw. 
(b) channel 7-13 50 kw, and (c) channel 14-83 

12 kw low-pass filters are supplied. Effect of in-
sertion of the filter in the transmission system 
is outlined. 

SESSION XIII 

TUES. 10:00 A.M.-12:30 P.M. 

WALDORF-ASTORIA 
SERT ROOM 

Audio I 
General 

Chairman: HARRY F. OLSON, RCA 
Laboratories, Princeton, N. J. 

• 

13.1 "Electronically Controlled Au-
dio Filters," by L. O. Dolansky, 
Northeastern University, Boston, 
Mass. 

The use of filters whose cut-off character-
istics are controllable by electronic means is 
often desirable in problems dealing with audio 
signals. Based on the recent work on fixed rc 
active filters by J. G. Linvill, variable active 
low-pass and high-pass filters have been de-
veloped using transistor negative impedance 
converters. 

The design theory of such filters will be 
summarized and measured characteristics com-
pared with those predicted theoretically. An 
application, in which the cut-off characteristics 
are controlled by the incoming audio signal for 
use in formant tracking, will be described and 
experimental results given. 

13.2 "Distortion in Class B Tran-
sistor Amplifiers," by Maurice V. 
Joyce, Polytechnic Institute of Brook-
lyn, Brooklyn, N. Y. 

An experimental investigation has been 
made of distortion in Class B grounded-base 
and grounded-emitter amplifiers using junction 
transistors. While it is now known that a small 
amount of forward-emitter bias allows low dis-
tortion operation of such circuits, no detailed 
investigation of distortion as a function of bias 
has previously been published. This informa-
tion, however, may be of great interest in very 
low-power drain circuits, where transistors 
would normally be used. 

Data are also given on the dependence of dis-
tortion on source impedance, load impedance, 
and frequency. It is shown that distortion is 
practically independent of power output, de-
pending rather on output current. Gain and in-
put impedance are also discussed. 

13.3 "Detection of Audio Power 
Spectrum Dispersion," by H. S. Lit-
tleboy and J. Wiren, Northeastern 
University, Boston, Mass. 

This paper deals with the design and de-
scription of a "v" filter which is to be used to 
distinguish between power spectra having the 
same central frequency and average power but 
different dispersions. The power spectra that 
are discussed have a Gaussian distribution 
curve when plotted on a logarithmic frequency 
scale. The filter is adaptable for use in the 
analysis of speech and its use in this analysis 
will be described. The design of the filter in-
cluding graphical means of establishing the 
filter characteristics from the dispersion of the 
given power spectra is included. 
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13.4 "Calibration of Test Records 
by B-Line Patterns," by B. B. 
Bauer, Shure Brothers, Inc., Chi-
cago, Ill. 

Test records are often calibrated by meas-
uring the width of the optical pattern formed 
when a sharp beam of light is reflected from the 
modulated grooves. An error has been found in 
this measurement owing to diffraction of light 
at the edges of the pattern, which results in a 
fuzzy ending and a general enlargement of the 
pattern width, especially at high frequency. A 
new optical method has been devised for cali-
bration of test records by the use of interfer-
ence-line patterns. Two sets of interference 
lines have been identified: (a) Uniformly-
spaced lines which are related to the recorded 
frequency, the angular velocity of the record, 
and the wavelength of light—these have been 
called the A-lines; (b) lines with variable spac-
ing which are related to the amplitude of modu-
lation and to the wavelength of light—these 
have been called the B-lines. B-line patterns 
may be readily related to the theoretical width 
of the optical pattern free of diffraction er-
ror, with the resultant improvement in the 
accuracy of test-record calibration. 

13.5 "Design and Performance of 
a High-Frequency Electrostatic 
Speaker," by Lloyd Bobb, R. B. 
Goldman, and R. W. Roop, Philco 
Corporation, Philadelphia, Pa. 

An electrostatic speaker has been developed 
which provides a quality of high-frequency re-
production not available with electro-magnetic 
tweeters. The diaphragm consists of a thin 
plastic film bearing an evaporated metallic 
layer. The membrane is stretched around a 
semi-cylindrical perforated electrode on which 
ridges are embossed to provide clearance. The 
response varies less than ± 2 db in the fre-
quency range between 8 and 16 kc. The azi-
muthal distribution pattern is excellent, owing 
to the cylindrical geometry, and is essentially 
independent of frequency in the same range. 
The second harmonic distortion inherent in 
this type of speaker is maintained at a low level. 
An indication of the quality of high-frequency 
reproduction is provided by oscillograms of the 
response to tone burst signals. The speaker is in 
quantity production and has been incorporated 
in several models of home reproduction instru-
ments. 

13.6 " Electronic Music Synthe-
sizer," by Harry F. Olson and Her-
bert Belar, RCA Laboratories, Prince-
ton, N. J. 

The electronic music synthesizer is a ma-
chine that produces music from a coded record. 
The coded record is produced by a musician, 
musical engineer or composer with a fundamen-
tal understanding of the composition of sound. 
The electronic music synthesizer provides 
means for the production of a tone with any 
frequency, intensity, growth, duration, decay, 
portamento, timbre, vibrato, and variation. If 
these properties of a tone are specified, the tone 
can be completely described. The advantage of 
the electronic music synthesizer is that it can 
produce new and radical tone complexes for 
musical satisfaction and gratification. The new 
system does not displace the artist and musi-
cian of today. It does not take the place of 
talent combined with work. The electronic 
music synthesizer provides the musician, musi-
cal engineer and composer with a new musical 
tool with no inherent physical limitations. 

SESSION XIV 

TUES. 10:00 A.M.-12:00 Noon 

WALDORF-ASTORIA 
GRAND BALLROOM 

Information Theory I 

Chairman: Louis A. DEROSA, Federal Tele-
communication Labs., Nutley, N. J. 

• 

14.1 "Coding For Noisy Channels," 
by Peter Elias, Massachusetts Insti-
tute of Technology, Cambridge, 
Mass. 

A remarkable result of Shannon's "Mathe-
matical Theory of Communication" is the fact 
that information can be transmitted at a defi-
nite rate over a noisy channel, with as low an 
error probability as is desired, by properly 
matching the message to the noisy channel. 
The matching process is called "coding." The 
problem of designing codes for particular noisy 
channels is central for many applications of the 
theory. This paper reviews the progress which 
has been made in coding, especially for the 
noisy binary channel. Some new results will be 
presented on the dependence of error probabil-
ity and efficiency on coding delay and equip-
ment complexity. 

14.2 "The Rate of Approach to 
Ideal Coding," by C. E. Shannon, 
Bell Telephone Labs., Murray Hill, 
N. J. 

Let C be the capacity of a noisy discrete 
channel without memory. Consider codes for 
the channel consisting of 2H" sequences each 
sequence being n symbols long. The basic 
coding theorem for a noisy channel states that 
by taking n sufficiently large it is possible to 
find codes such that both A = C — H and the 
probability of error after reception, PE, are 
arbitrarily small. This paper is concerned with 
the problem of estimating the value of n neces-
sary as a function of PH and A. Both upper and 
lower bounds are found in fairly general cases. 
The upper and lower bounds for n approach 
each other percentage-wise as à and PR ap-
proach zero, giving an asymptotic formula for 
n. Various special cases are investigated in de-
tail, such as the symmetric binary channel and 
the flat gaussian channel. 

14.3 "The Mathematics of Infor-
mation Theory," by Brockway Mc-
Millan, Bell Telephone Labs., Mur-
ray Hill, N. J. 

14.4 "Session Commentary," by 
Robert M. Fano, Mass. Inst. of Tech., 
Cambridge, Mass. 

SESSION XV 

TUES. 10:00 A.M.-12:30 P.M. 

KINGSBRIDGE ARMORY 
MARCONI HALL 

Instrumentation, Telemetry and 
Remote Control 

Chairman: ROBERT L. SINK, Consolidated 
Engineering Corp., Pasadena, Calif. 

• 

15.1 "Compound Modulation— 
Method of Recording Data on 
Magnetic Tape," by George B. New-
house, Consolidated Engineering 
Corp., Pasadena, Calif 

This paper describes a new method of re-
cording instrumentation data on magnetic tape. 
A combination of suppressed-carrier amplitude 
modulation and frequency modulation (com-
pound modulation) minimizes the errors associ-
ated with direct recording and FM carrier 
recording. The theory and principles of opera-
tion of a typical CM channel are presented. It 
is shown that the system is compatible with 
FM and direct recording. Thus, all types of in-
put transducers may be used. The errors for 
each system are compared and it is shown that 
CM has the following advantages: ( 1) small 
zero drift, (2) FM modulator center frequency 
not critical, (3) system nonlinearities have re-
duced effect, (4) less flutter error, and (5) good 
amplitude stability. 

15.2 "Development of a Portable 
Magnetic Tape Recorder for Pre-
cision Data Recording," by Glenn D. 
Maxwell, Consolidated Engineering 
Corp., Pasadena, Calif. 

Development of a portable, three-speed, 28-
channel magnetic-tape recorder, primarily in-
tended for application in an aircraft flight test 
instrumentation system having a system ac-
curacy of 1 or 2 per cent, is described. The 
principal design requirements are compactness, 
reliability, low flutter, ruggedness, and versa-
tility. About half of the contents relate to 
flutter. Definitions and methods of measure-
ment are given. Results of a six-month flutter 
research program are presented. Equations 
show the effect of capstan torque variation and 
eccentricity on flutter. A rigid capstan drive is 
compared to a filtered drive. Results of environ-
mental tests and design features are presented. 

15.3 "A System for Precise Time-
Storage and Expansion of Electrical 
Data," by Clarence B. Stanley, Am-
pex Corp., Redwood City, Calif. 

A six-speed, four-channel magnetic-tape 
data recording and reproducing system for fixed 
installation is described. Solutions of design 
problems posed by rigid specifications on flut-
ter, timing accuracy, operational and mainte-
nance ease are discussed. The solution to the 
problem of precise timing accuracy in repro-
duction is of particular interest. A time dis-
placement error of ± .25 milliseconds through-
out the length of a 4,800-foot reel is achieved at 
the high-tape speeds, thus permitting precise 
recording and reproduction of time-based data. 

15.4 "Automatic Oscillograph Read-
ers," by Louis L. Fisher and George 
L. Hatchett, J. B. Rea Co., Inc., 
Santa Monica, Calif. 

At the present time, condderable amounts 
of data are recorded on oscillographs. The anal-
ysis of these data is limited by the task of con-



1955 IRE National Convention Program 357 

verting the information into a form which can 
be handled by computing or tabulating devices. 

This paper describes techniques which are 
useful to automatically read oscillograph 
records and provide a suitable output for sub-
sequent processing. Originally developed for 
teledeltos-type paper, the principles evolved 
may be applied to other types of records with 
nonintersecting traces. 

15.5 "Analysis of Data Recording 
Systems," by Thomas L. Green-
wood, Huntsville, Ala. 

Data recording is analyzed as to goals, 
methods, and techniques. System components 
are classified as functional elements. Definitions 
of system elements are suggested with a view to 
facilitate comparison between systems. 

Ambiguities in current nomenclature of 
data handling systems are discussed, with a 
view toward standardization of terms. 

Recording systems are treated as communi-
cation channels and their information-handling 
properties evaluated with the aid of current in-
formation theory. 

The transducer is classified as an element 
but not discussed except in cases where the re-
cording techniques are affected by the trans-
ducer type. 

Proposals are made for a high-speed auto-
matic digital recording system using electronic 
counting and magnetic-tape recording tech-
niques. 

SESSION XVI 

TUES. 10:00 A.M.-12:30 P.M. 

KINGSBRIDGE ARMORY 
FARADAY HALL 

Electron Devices I 
Tubes 

Chairman: G. D. O'NEILL, Sylvania Electric 
Products, Inc., Bayside, N. Y. 

• 

16.1 "A Gas Discharge Noise 
Source," by W. Honig and P. Par-
zen, Johns Hopkins University. Bal-
timore, Md. 

Previous studies have indicated the pres-
ence of large fluctuations in a gas discharge 
maintained by a magnetic field. An experimen-
tal study was made of the noise powers avail-
able from gas discharge tubes of Philips gauge 
geometry. Measurements indicate that noise 
powers as much as 70-80 db above KT per 
megacycle are available in certain frequency 
bands. Curves describing the operating condi-
tions and frequency spectrum of noise power 
are given. It is believed that the large magni-
tudes of noise power are due to the presence of 
growing plasma waves which exist because of 
the magnetic field. 

16.2 "Corrections to the Theory of 
the Grounded-Grid Triode," by 
W. A. Harris, Radio Corp. of Amer-
ica, Harrison, N. J. 

In available literature on the theory of the 
grounded-grid triode, it has been assumed that 
the input conductance includes "the square-of-

the-frequency" term caused by transit time in 
a grounded-cathode circuit and that feedback 
can be neglected. Even at moderate frequen-
cies, the use of these assumptions leads to in-
consistencies between calculated and realized 
performance. 

This paper describes an exact method of 
treatment based on four-pole circuit equations. 
Expressions derived for the short-circuit ad-
mittances, using the Llewellyn-Peterson equa-
tions, are compared with measured data. Theo-
retical and measured values and curves are also 
given for power gain and for input admittance 
with tuned output loads. 

16.3 "Development of a Large-Di-
ameter Dumet Lead for Sealing to 
Soft Glass," by D. L. Swartz and 
J. C. Turnbull, Radio Corp. of Amer-
ica, Lancaster, Pa. 

Dumet leads having diameters greater than 
0.030 inch have long been desired in the power-
tube industry for increased rf-current-carrying 
capacity. This paper describes a 0.060-inch, 
high-conductivity dumet lead which was de-
veloped by careful matching of radial and axial 
thermal-expansion coefficients. In this lead, 
relative copper volume is about to that 
found in conventional dumet leads. The core 
material is a nickel-iron alloy having an ex-
pansion coefficient of 90X10-7 in/in/°C. The 
use of this alloy provides a considerably better 
match to G0120 glass than that provided by 
conventional dumet leads. Relative merits of 
three possible techniques for producing the 
high-conductivity dumet leads are discussed. 

16.4 "Novel Design Approach for 
Microwave Tubes," by J. E. Mc-
Linden and D. Lichtman, Airborne 
Instruments Lab., Inc., Mineola, 
N. Y. 

An approach to electron tube construction 
is presented which is highly suited to tubes and 
components requiring establishment and main-
tenance of critical geometries in vacuum-
sealed, heated assemblies. In this method, 
spacings are established by optical measure-
ments and maintained by coherence with the 
assembly envelope. This approach should not 
only improve reliability of the component but 
reduce cost. The method is discussed as applied 
to the development of a planar microwave 
triode having spacing tolerances of ± 0.0001 
inch. 

16.5 "Magnetron Operation at 
Very-Long Pulses," by Markus 
Nowogrodzki, Amperex Electronic 
Corp., Hicksville, N. Y. 

The paper describes a phenomenological 
study of long-pulse performance in a 4J52-type 
magnetron employing a new type of emitter, 
the Philips' impregnated cathode. The basic 
cathode structure is described, a comparison of 
electrical performance with a standard tube at 
normal operating conditions is made, and the 
new tube's (6507) operation at 14-microsecond 
pulse conditions is analyzed. Design problems 
in the specialized test equipment are related, 
and pertinent tube data at long-pulse operation 
are described, such as cathode temperatures, 
power output, stability, life-test performance, 
et cetera. A tentative specification for long-
pulse operation of the 6507 is included. 

SESSION XVII 

TUES. 2:30-5:00 P.M. 

BELMONT-PLAZA 
MODERNE ROOM 

Instrumentation II 

Chairman: EDWIN P. FELCH, Bell Telephone 
Labs., Inc., Whippany, N. J. 

• 

17.1 "A New Instrument for the 
Automatic Measurement of Tran-
sistor Noise Figure," by D. D. Grieg 
and S. Moskowitz, Electronic Re-
search Associates, Caldwell, N. J. 

The noise generated in a transistor is one of 
its basic characteristics, and the accurate meas-
urement of this quantity is of considerable im-
portance in the development, manufacture, and 
application of transistor devices. 

This paper describes a new instrument 
which eliminates the drawbacks of the pres-
ent manual procedure of transistor noise figure 
measurement. The instrument operates on the 
basic principle of synchronously connecting 
and disconnecting a calibrated noise generator 
to the input of the transistor or transistor-am-
plifier under test. By automatically comparing 
the internal transistor noise with that of the 
external noise source, a continuous direct read-
ing of noise figure is obtained. 

The paper describes the basic operating 
principles, gives details of a practical operating 
model, and presents comparative results with 
respect to standard manual methods. 

17.2 "A Radio-Frequency Parame-
ter Bridge for Junction Transistors," 
by Anthony Hlavacek and Ge Yao 
Chu, Sylvania Electric Products, Inc. 

Ipswich, Mass. 

A radio-frequency bridge to measure the 
ohmic base resistance and the collector capaci-
tance of junction transistors is described. The 
four arms of the bridge are essentially formed 
by a three-terminal rc network, and the col-
lector-base circuit of the transistor under test. 
A sinusoidal radio-frequency signal is applied to 
the collector-base terminals while a null detec-
tor is placed between the emitter and a terminal 
of the rc network. The principle of operation 
and a brief description of the bridge are pre-
sented. 

17.3 "A Versatile Transistor Tester 
for Measuring Open Circuit 'T' Pa-
rameters," by R. P. Crow, Motorola, 
Inc., Chicago, Ill. 

Although "T" equivalent circuit parameters 
are conveniently used, and can be readily meas-
ured on point contact transistors, it has not 
been practical to make direct open-circuit 
measurements of these parameters on junction 
transistors because of the high-collector im-
pedances. This paper describes a technique for 
using a "Q" multiplier for raising the effective 
collector-circuit impedance of a tester to values 
of over 200 megohms, permitting accurate 
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measurements of the open-circuit parameters. 
A description, with circuit diagrams, is given of 
a complete tester that measures 1,000 cps 
small-signal "T" equivalent circuit parameters 
and grounded-base and grounded-emitter cur-
rent gains, input impedances with various 
loads, and power gains with various loads. 

17.4 ".\ Transistorized Oscillo-
graph," by W. G. Reichert, Jr., Al-

len B. DulIont Labs., Inc., Clifton, 
N. J. 

The attractiveness of small size and low-
power consumption of transistors led to the de-
velopment of a transistorized, battery-oper-
ated, portable oscillograph. Utilizing only com-
mercially available transistors, this unit has a 
frequency response of from 20 to 200,000 cps, a 
deflection factor of 0.2 volts per inch, and a 
sweep range of from 20,000 to 5 gsec. A descrip-
tion of the feedback amplifier, the multivibra-
tor, and the turn-off and lock-out circuitry will 
be supplemented by a discussion of design prob-
lems peculiar to this application. High input 
impedance and output voltage swing require-
ments of the amplifier, and linearity restrictions 
on the sweep circuit will be covered 

17.5 "A 200 CPS to 5 MC Recording 
Equipment," by Charles C. Com-
stock, Sig. Corps Engrg. Labs., Ft. 

Monmouth, N. J. 

The task of designing and constructing a 
magnetic-type recorder-reproducer to operate 
in the band 200 cps to 5 mc is divided into two 
portions. The mechanical system for achieving 
high relative head-to-tape motion with its at-
tendant problems of obtaining proper head-to-
tape contact and registration of reproduce 
heads on the recorded tracks, is one portion. 
The second portion is the electrical system to 
rearrange the signals which are to be recorded 
into such a form that the broad band may be 
recorded, and eventually rearranged at play-
back into the original frequencies 

SESSION XVIII 

TUES. 2:30-5:00 P.M. 

WALDORF-ASTORIA 

STARLIGHT ROOF 

Engineering Management I 
Panel Discussion: Operations Re-

search—A Tool of Engi-
neering Management 

Chairman: C. M. JANSKY, JR., Jansky & 
Bailey, Inc., Washington, D. C. 

l'anel Members: Sir Robert Watson-Watt, 
Airtron, Ltd., Toronto, Canada; Sherman 
Kingsbury, Arthur D. Little Company, Cam-
bridge, Massachusetts; Dr. Ellis Johnson, 

Operations Research Office (Army), Johns 
Hopkins University, Baltimore, Md.; Leroy 
Brothers, Operations Analysis Group Hqts., 
U. S. Air Force; Martin Ernst, Operations 
Evaluation Group (Navy), MIT, Cambridge, 

Mass 

SESSION XIX 

TUES. 2:30-5:00 P.M. 

WALDORF-ASTORIA 

ASTOR GALLERY 

Aeronautical and Navigational 
Electronics II 

Radar and Aircraft Landing Aids 

Chairman: BERNAL M . M EADOR, Trans 
World Airlines, Kansas City, Kans. 

• 

19.1 "Airport Surface Detection 
Equipment," by J. E. Woodward, 

Airborne Instruments Lab., Inc., 
Mineola, N. Y. 

Airport surface detection equipment 
(ASDE) is a radar set used to observe surface 
traffic on an airport. Tests of an experimental 
model have demonstrated its usefulness but also 
demonstrated the desirability of making cer-
tain improvements in performance. These im-
provements have been achieved in a design 
program preceding the fabrication of an engi-
neering model which will have the following: 

Frequency 
Pulse Width 
PRF 
Azimuthal Beamwidth 
Antenna Vertical 
Coverage 

Antenna Polarization 
Scan Rate 

24,000 mc 
0.02 seec 

14,400 pps 
0.25 degree 

Horizon to — 25 
degrees 

Vertical or Circular 
60 rpm. 

The technical aspects of this equipment and the 
special design problems will be discussed. 

19.2 "A Marine Radar Identifica-
tion System," by Charles M. Tiffin, 

Federal Telecommunication Labs., 
Nutley, N. J. 

A marine radar identification system is de-
scribed which operates on the principle of a 
transponder. The system enables a radar oper-
ator to distinguish the azimuth of a ship carry-
ing the identification equipment from other 
ships in the vicinity. 

The equipment is portable, self-powered, 
inexpensive, and simple to operate. 

It is thought that this system, or variations 
thereof, will be useful in solving the radar 
identification problem as applied to marine or 
aeronautical navigation. 

19.3 "Statistical Techniques for 
Analysis of ILS Flight-Test Data," 
by Abe Tatz, Airborne Instruments 

Lab., Inc., Mineola, N. Y. 

Large amounts of flight-test data were ob-
tained in an Instrument Landing System (ILS) 
evaluation program. These data were reduced 
by machine computation to provide quantita-
tive measures of ILS performance. The meas-
ures of ILS performance are explained, the 
computing procedures are described, and typi-
cal results are presented to demonstrate the 
application of statistical techniques to a multi-
tude of flight-test data. 

19.4 "An Analysis of Angular Ac-
curacy in Search Radar," by Robert 

Bernstein, Columbia University, New 
York, N. Y. 

The problem of determining the theoretical 
limit of angular accuracy in search radar and 
the manner in which the controllable system 
parameters affect accuracy is of current inter-
est in the design and operation of automatic 
track-while-scan systems, height-finding ra-
dars, and early warning detection and tracking 
systems. 

The ultimate limitation to angular accuracy 
resides in the existence of receiver noise and 
target scintillation. Both these phenomena are 
random processes. The problem is formulated 
in a manner which brings the effect of these 
random processes into evidence, and it is con-
cluded that the methods of parameteric estima-
tion as developed in the field of mathematical 
statistics are most appropriate for its solution. 
Possession of a sufficient estimator of target 
azimuth would be most satisfactory because 
such an estimator would extract from the 
echoes all the information they contain con-
cerning azimuth. It is proved, however, that a 
sufficient estimator of azimuth cannot exist for 
the case of search radar. 

The maximum likelihood estimator is 
chosen as the best alternative and its distribu-
tion is found. A set of weighting functions are 
obtained for the purpose of maximum likeli-
hood azimuth estimation; these functions are 
interpreted in terms of the information content 
of echoes from various parts of the antenna 
beam. Quantitative results are presented which 
give the standard deviation of the estimator as 
a function of beam axis rms signal-to-noise ratio 
and the number of pulses per beamwidth. This 
result is employed as a standard of perform-
ance against which the efficiency of more easily 
implemented azimuth estimators is judged. 

19.5 "Radio Direction-Finding from 
the Standpoint of Sampling and In-
terpolation," by Martin Masonson, 
Federal Telecommunication Labs., 
Nutley, N. J. 

This paper discusses systems ranging from 
the rudimental in radio guidance such as the 
Bellini-Tosi, to continuous scan systems, e.g. a 
VOR beacon, to versatile high-accuracy sys-
tems such as those presented by Earp and God-
frey. Concepts underlying and unifying an ap-
parent variety of such systems, innovations on 
them, simple criteria and formulas for intrinsic 
repetitive errors are given and illustrated. 
From the standpoint of this paper these sys-
tems appear as interpolation computers which 
in practice are manifested in a diversity of in-
strumentations suiting given operational or 
production demands. 

.SESSION XX 

TUES. 2:30-5:00 P.M. 

WALDORF-ASTORIA 
JADE ROOM 

Broadcast Transmission Systems II 
Color Television 

Chairman: ROBERT E. SHELBY, National 
Broadcasting Co., Inc., New York, N. Y. 
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20.1 "Proposed Controls for Elec-
tronic Masking in Color Televi-

sion," by W. L. Brewer, J. H. Ladd, 
and J. E. Pinney, Eastman Kodak 

Co., Rochester, N. Y. 

Electronic masking in the color television 
studio is accomplished by the use of cross-
coupling networks. These networks yield three 
output signals, each of which is a linear func-
tion of the three input signals. The colors of the 
final reproduction depend upon the values of 
the coefficients in the linear equations relating 
output voltages to input voltages. A change in 
the value of any individual coefficient in these 
equations affects the hue, saturation, and 
brightness of most nonneutral colors. The effect 
of an incremental change in each coefficient is 
described for a given set of masking equations. 
Coefficient controls may be ganged to simplify 
the relationship between manual adjustments 
and visual effects. A block diagram is shown for 
a particularly suitable circuit. A means for 
ganging the controls is also described. 

20.2 "Experimental Equipment for 

Recording and Reproducing Color 
Television Images on Black-and-
White Film," by William L. Hughes, 

Iowa State College, Ames, Iowa. 

This paper is concerned with the design and 
construction of certain pieces of experimental 
electronic and mechanical equipment which 
can be used for recording and reproducing 
color television images on black-and-white film. 
The design of this equipment is based on the 
black-and-white film system for color television 
proposed at the 1954 National I.R.E. conven-
tion. Certain changes from the original pro-
posals are described. 

Theoretical and economic advantages and 
disadvantages of such a system are discussed 
briefly, but the major portion of the paper is 
concerned with descriptions and operating 
characteristics of existing equipment. 

20.3 "Cathode-Ray Vectorgraph," 
by Frank Uzel, Jr., Allen B. Du-
Mont Labs., Inc., Clifton, N. J. 

This paper will describe a new cathode-ray 
vectorgraph developed primarily to display 
NTSC color television chrominance informa-
tion as processed by a vector decoder unit. 

The specifications and performance char-
acteristics of this unit will be presented. Of spe-
cial interest are the stability and small relative 
phase shift of the identical X and Y amplifiers. 

Although primarily intended for color tele-
vision instrumentation, it is felt that this unit 
will have considerable general application 
where relative phase-shift measurements are 
necessary. 

20.4 "Automatic Balance Control 
of Colorplexers in Color TV," by 

J. R. Popkin-Clurman, Telechrome, 

Inc., Amityville, N. Y. 

A new colorplexer is described which has 
been designed to eliminate long and short time 
drifts of balance for chroma components, thus 
eliminating the necessity for the frequent man-

ual adjustment of balance controls as in stand-
ard colorplexers. 

An auxiliary correction servo unit is also 
described for application to any type of color-
plexer. 

An automatic balancing system takes ad-
vantage of the error components present in the 
color signal during the synchronizing interval. 
The encoder is then servoed to null the unbal-
ance components. A memory system is in-
corporated so that interruptions in signals or 
switching transients will not interfere with the 
operation of the correction circuits. 

The application of the principles described 
in the paper eliminates one of the main defects 
in present-day color broadcasting equipment. 

20.5 "Television in Europe," by 
Hubert A. S. G-ibas, Uster, Switzer-

land. 

Three different television standards exist in 
Europe. These cause problems in the frequency 
allocation of television transmitters, in the 
construction of receivers for places where two 
or three television systems can be received, and 
in the international exchange of television pro-
grams. A European television network is in 
the state of development. There are, with a few 
exceptions, uhf links in use. The greatest prog-
ress of television we find in Great Britain, 
where, as early as the year 1937, a regular tele-
vision service was inaugurated. In Europe, also, 
industrial television has found practical appli-
cation. 

SESSION XXI 

TUES. 2:30-5:00 P.M. 

WALDORF-ASTORIA 
SERT ROOM 

Audio II 

Symposium: Music, High Fidelity, 
and the Listener 

Chairman: LEO L. BERANEK, Bolt, 
Beranek & Newman, Inc., 

Cambridge, Mass. 

• 

21.1 " Electronic Organ-Tone Radi-
ation," by Daniel W. Martin, The 
Baldwin Piano Co., Cincinnati, Ohio 

The acoustical effects achieved and the 
techniques used in the radiation of electronic 
organ tone are quite different from the conven-
tional effects and practices of both public-
address sound systems for auditoria, and "high-
fidelity" music reproduction systems for the 
home. In this paper the fundamental acoustical 
design principles of organ tone chambers are 
reviewed. Specific examples of tone cabinet 
design are described, and organ installation 
principles are illustrated by examples of actual 
installation. 

21.2 "The Role of Room Acoustics 

in Music Listening," by John A. 
Kessler, Massachusetts Institute of 
Technology, Cambridge, Mass 

As sound travels from a source to a listener 
or to a microphone, its spectral and temporal 
characteristics are altered by the room through 
which the sound travels. In the case of recorded 
music, at least two rooms usually contribute to 
the quality of the sounds which the listener 
hears. The effects of the room on the music 
may be beneficial or detrimental to listening 
enjoyment. The evaluation of these physical 
effects in terms of listener preference is a sub-
ject of continuing interest to musicians, archi-
tects, and engineers concerned with design of 
concert halls and with the recording and broad-
casting of music. 

21.3 " Environment-Fitness Con-

siderations of High- Fidelity Audio 
Systems," by R. D. Darrell, Stone 
Ridge, N. Y. 

Performance evaluations become progres-
sively more difficult as the field of interest ex-
pands from isolated audio components to inte-
grated systems and as rigorously objective 
measurements either become impractical or are 
superseded by wholly subjective aural judg-
ments. Yet if the final evaluation of over-all 
sound qualities must be determined by aes-
thetic rather than engineering criteria, the lat-
ter still are significantly applicable to system-
operation techniques and to the fitness of a spe-
cific system to a specific environment. The 
present paper calls for extended and intensified 
study of present-day operator-listeners' practi-
cal audio needs and psychological attitudes, 
and, anticipating the results of such study, sug-
gests some possible engineering approaches to 
the better "matching" of home high-fidelity 
systems to their actual "habitats." 

21.4 "Acoustic Requirements of a 
Sound System Determined by the 

Listener," by Cyril M. Harris, Co-
lumbia University, New York, N. Y. 

The listener to a high-fidelity system re-
quires a certain acoustical performance from 
his system. This paper discusses the acoustical 
factors which set the requirements the system 
loudspeaker output must be capable of meeting 
to be acceptable to the critical listener. Areas 
of research will be indicated which must be pur-
sued in order to provide additional knowledge 
required to specify completely this problem. 

21.5 "Man, a Somewhat Neglected 
Component of Hi-Fi Systems," by 
Walter A. Rosenblith, Massachusetts 
Institute of Technology, Cambridge, 
Mass. 

In recent years much progress has been 
made in assessing the transmission efficiency of 
communication systems. In most situations 
that are of interest to the " hi-fi" enthusiast, it is 
however not possible to specify the message 
that is to be transmitted. Under these circum-
stances, one might suggest that the most realis-
tic yardstick for the performance of hi-fi sys-
tems is man's discriminative ability. This talk 
will, in the main, deal with man's hearing. It 
will also be concerned with the question: "To 
what extent do laboratory experiments on pure 
tones predict human reactions in more general 
listening sit uations?" 
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SESSION XXII 

TUES. 2:30-5:00 P.M. 

KINGSBRIDGE ARMORY 
MARCONI HALL 

Telemetry and Remote Control III 
Recent Telemetering Developments 

Chairman: M ARTIN V. KIEBERT, J 
Convair, Pomona, Calif. 

• 

22.1 "A Multiple-Frequency Anten-
na-Coupling System," by H. R. Sig-
ler, Bendix Aviation Corp., North 
Hollywood, Calif. 

The most satisfactory solution to the prob-
lem of radiating several telemetering carriers 
from a vehicle is to radiate them from a single 
antenna, provided they can be coupled to it 
without excessive loss. 

Two antenna couplers are suggested and 
described that will make up a system to couple 
as many as four transmitters to a single-phased 
antenna. 

The first coupler is of the notch-filter va-
riety and applies two signals to one antenna 
with a minimum insertion loss. The second 
coupler is based on the hybrid ring principle 
and will couple two signals to a phased-antenna 
array. When two of the former units are used 
with one of the latter, a system results which 
will combine four signals at one antenna. 

The paper describes a new transmission line 
configuration which is used successfully in 
these two couplers and contributes to their 
compactness and resistance to environmental 
effects. The electrical characteristics and en-
vironmental reactions are also discussed. 

22.2 "Germanium Photoconductor 
as Missile Spin-Counter in an All-
Transistor FM/FM Telemeter 
Transmitter," by C. M. Kortman, 
Bendix Aviation Corp., North Holly-
wood, Calif. 

A germanium photoconductor is used to fre-
quency modulate a telemetering-subcarrier os-
cillator according to the intensity of the light 
falling upon the sensitive area. Intensities be-
tween complete darkness and bright sunshine 
can be measured and the difference between the 
light source and the shadow cast by the device, 
when it is between the source and the sensor, 
causes an appreciable frequency shift. In the 
missile application it is only necessary to count 
the cycles between bright light and shadow to 
determine the spin frequency. The germanium 
photoconductor is ideal for use with the all-
transistor system since it requires no high-
operating voltages or other special treatment. 
The frequency response is adequate for spin 
rates as high as several hundred revolutions per 
second. 

22.3 "Linear Voltage Controlled 
Frequency Modulation of the Hart-
ley Oscillator," by W. F. Link, Ben-

dix Aviation Corp., North Hollywood, 
Calif. 

A brief historical background of the evolu-
tion and use of the Hartley oscillator in FM/FM 
missile-telemetering systems is given. 

The theoretical problems involved in ob-
taining large, linear-frequency deviations of an 
oscillator by voltage stimulus are discussed, 
particularly as affected by limitations imposed 
for use in missile telemeters. Practical solutions 
to this problem are given, especially as they 
have been achieved with the Hartley oscillator. 
Advantages accruing from use of the Hartley 
circuit over other possible oscillators are dis-
cussed. Finally a description is given of a com-
mercially available voltage-controlled FM os-
cillator developed by the Pacific Division of 
Bendix Aviation Corporation. 

22.4 "Application of Process Circui-
try to Telemetering Components," 
by L. A. G. Ter Veen, Bendix Avia-
tion Corp., North Hollywood, Calif. 

The new arts of printed and etched cir-
cuitry have been applied to many items where 
high-quantity production and economy have 
been the most important factors. In telemetry 
components, neither of these two factors is of 
primary importance, reliability and compact-
ness being worthy of greater consideration. 
This paper shows how process circuitry may be 
employed to enhance these factors. 

The specialized design techniques which 
must be employed to adapt process circuitry to 
meet the needs of telemetering components is 
discussed in detail. Specific examples are given. 
A telemetering subcarrier oscillator employing 
an etched circuit, which is currently being pro-
duced in a quantity of 3,000 units, will be il-
lustrated and described. Telemetering pack-
ages utilizing etched circuitry to achieve 
rugged, compact construction will also be dis-
cussed. 

22.5 "Wide-Band AC Rate Net-
works," by L. F. Lyons, Bendix Avi-
ation Corp., North Hollywood, Calif. 

In servo system design, there frequently 
arises a need for lead or lag rate networks in the 
signal or feedback loop in order to achieve sta-
bility or modify the servo system frequency re-
sponse for special applications. In systems 
where de control and feedback voltages are em-
ployed, rate network design is comparatively 
simple. Many systems employ ac control and 
feedback because of its compatibility with 
synchro-position indicators and two-phase 
drive motors; however, ac differentiating or 
integrating networks present a more difficult 
design problem. Networks normally employed 
for this purpose are of the bridge T and parallel 
T null network, or lc resonant circuit variety. 
Both are frequency-drift sensitive, limited to 
high intelligence-frequency applications, and 
may have relatively high insertion loss. 

This paper discusses ac lead and lag net-
works for applications at all intelligence fre-
quencies. The networks presented are insensi-
tive to variations in signal frequency. They also 
permit mixing of control and feedback signals 
in a common impedance which includes the rate 
network even in cases where one signal is ac and 
the other dc. 

SESSION XXIII 

TUES. 2:30-5:00 P.M. 

KINGSBRIDGE ARMORY 
FARADAY HALL 

Electron Devices II 
Microwave Tubes 

Chairman: W ELLESLEY J. DODDS, RCA Tube 
Div., Harrison, N. J. 

• 

23.1 "Klystron Power Amplifiers 
for Long-Hop Microwave Relay," 
by N. P. Hiestand, Varian Associ-
ates, Palo Alto, Calif. 

Recent interest in long-hop microwave re-
lay communications has again emphasized the 
importance of the klystron as a means of ob-
taining very high power in the microwave re-
gion. This paper will review the use of klystrons 
as a communications instrument and discuss 
the latest developments in the field. 

Particular emphasis will be placed on those 
features of the klystron amplifier that are im-
portant to the communications engineer, such 
as efficiency, gain, tunability, linearity, band-
width, and operating parameters. 
A family of tubes will be described which 

provide appreciable energy (several kilowatts) 
at most important communication frequencies 
from 350 mc to 8,000 mc. 

23.2 "Wide-Band, High-Power 
Traveling-Wave Tubes at S- Band," 
by S. F. Kaisel and W. L. Rorden, 
Stanford University, Stanford, Calif. 

This paper will describe three experimental 
traveling-wave tube power amplifiers in the 
100 w to 1-kw power range at S-band. The 
T-230 and the T-231 are pulsed traveling-wave 
tubes which will give the order of 1-kw output 
at 30 db gain from 2.5-3.5 kmc. The T-231 em-
ploys a control grid in the convergent flow elec-
tron gun, to allow beam-keying with low-volt-
age pulses. The T-351 is a cw power amplifier 
which will give greater than 100w of cw output 
at 20 db gain from 2-4 kmc. The electrical de-
sign considerations for such tubes and the me-
chanical design details will be described. 

23.3 "A 1-KW Pulsed Traveling-
Wave Tube Amplifier at X-Band," 
by J. E. Nevins, S. F. Kaisel, and 
M. Chodorow, Stanford University, 
Stanford, Calif. 

This paper will describe the application of 
the contra-wound helix structure to a high-
power, narrow-band pulsed traveling-wave 
tube amplifier for operation in the frequency 
range 8.5-9.6 kmc. Power output greater than 
I kw at 30 db gain has been obtained. The im-
pedance of the contra-wound helix as predicted 
by Chodorow and Chu has been verified by cold 
perturbation methods and by beam measure-
ments. Some comparisons are made with per-
formance and dimensions that would be pre-
dicted for the single-wound helix. A novel 
method of construction for the cross-wound 
helix will be described. 
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23.4 " Noise Analysis of Traveling-
Wave Tube Video Detector," Glen 
Wade, Stanford University, Stanford, 
Calif. 

An analysis is made of the rectification 
characteristics and the noise characteristics of a 
traveling-wave tube modified for use as a video 
detector. The purpose of the analysis is to de-
termine the "minimum detectable signal" as 
limited solely by noise. 

The high velocity electrons in the velocity 
modulated beam at the output of a traveling-
wave tube can be separated from the slower 
electrons by means of a velocity-sensitive de-
flecting field or by biasing the collector near 
cathode potential. The current thus separated 
can be developed into a rectified signal. 

Using reasonable values for the tube pa-
rameters the calculated "minimum detectable 
signal" from such a device is approximately 
minus 80 dbm. 

SESSION XXIV 

TUES. 8:00-10:30 P.M. 

WALDORF-ASTORIA 
STARLIGHT ROOF 

Automatic Control II 
Trends in Automatization of Pro-

cedures and Processes in 
Business and Industry 

Chairman: GORDON S. BROWN, Massachu-
setts Institute of Technology, 

Cambridge, Mass. 

e 
Panel Members: Gordon S. Brown, Massa-
chusetts Institute of Technology, Cambridge, 
Mass.; Richard L. Meier, University of Chi-
cago, Chicago, Illinois; W. R. G. Baker, Gen-

eral Electric Co., Syracuse, N. Y.; Low K. Lee, 
Stanford Research Institute, Stanford, Calif.; 
Roger W. Bolz, Penton Publishing Co., Cleve-

land, Ohio. 

The growing use of the inter-connected 
techniques of feedback control, automatic as-
sembly (automation), and electronic digital 
computation in industrial operations has led to 
an intense interest in the technical, managerial, 
economic, and social implications of automatic 
control. In this panel session, a chairman and 
speakers with a variety of backgrounds have 
been selected in order to obtain a comparison of 
viewpoints, as well as an over-all look at cur-
rent trends toward automatization of pro-
cedures and processes in business and industry. 

SESSION XXV 

TUES. 8:00-10:30 P.M. 

KINGSBRIDGE ARMORY 
MARCONI HALL 

Audio III 
Seminar: Magnetic Recording 

for the Engineer 

Chairman: SEMI J. BEGUN, Cleviie-Brush 
Dey. Co.. Cleveland, Ohio 

25.1 "Magnetic Tape as a Record-
ing Medium," by Frank Radocy, Au-
dio Devices, Inc., New York, N. Y. 

Magnetic tape effects on recorder character-
istics are discussed. Value of new polyester base 
in overcoming temperature and humidity ef-
fects is studied. Oxide improvements and use of 
coating orientation have improved output and 
signal/noise ratio. New binder formulations 
have improved anti-friction characteristics 
even in high humidity, without impairing high-
frequency response by cupping. Defect-free 
tape for computer, instrumentation, and video 
recording has developed from improved coat-
ing, slitting, winding, and quality control tech-
niques, manufacturing not over one defect in 
24,000 feet. Special dust-free packing protects 
in transportation and storage, but user must 
protect against dust-pickup on recorder. 

25.2 " Recorder-Reproducer De-
sign," by Walter T. Selsted, Ampex 
Corp., Redwood City, Calif. 

This paper presents the various design per-
ameters which must be considered in the de-
sign of a magnetic recorder intended particu-
larly for radio industry use. Those design 
characteristics which must be weighed when 
designing a machine of high performance and 
reliability are studied in relationship to one 
another and in some considerable detail. 

25.3 "Tape-Recording Applica-
tions," by Marvin Camras, Ar-
mour Research Foundation, Chicago, 

Standard designs are flexible enough for 
most uses of tape recorders. Special machines 
have been devised for unusual applications, 
such as pronouncing dictionaries, length-meas-
uring machines, time compressors, dc and 
square-wave recorders, artificial reverberation 
generators, musical instruments, memory de-
vices, and video recorders. The construction 
and operation of typical devices are reviewed. 

25.4 "Tape Life," by W. S. Latham, 
Groton, Conn. 

This paper will be concerned with certain 
physical properties of magnetic tape and en-
vironmental factors which create tape-storage 
problems. Comparisons will be made of the ef-
fects of storage on instantaneous-lacquer disk 
recordings, with effects on magnetic-tape re-
cordings stored for the same period of time 
under the same conditions of temperature and 
humidity. Actual measurements of coefficients 
of expansion and contraction of various types 
of magnetic tape due to temperature and 
humidity changes in storage vaults will be dis-
cussed. 

Information will also be presented concern-
ing the effects of continuous replay of recorded 
tapes upon the physical structure of current 
oxides and backing, and upon the information 
recorded thereon. 

Essential requirements for the construction 
of a special tape and disk storage vault, at pres-
ent under construction at the U. S. Navy 
Underwater Sound Laboratory, will also be 
presented. 

25.5 "The Future of Magnetic Re-
cording," by John S. Boyers, Na-
tional Company, Inc., Malden 48, 
Mass. 

Magnetic recording was invented somewhat 
over 50 years ago and has seen its greatest de-
velopment in the past 10 or 15 years. Both sys-
tems and components are still in a terrific state 
of flux. Future developments in both areas are 
certain to be startling. In the area of compo-
nents, possibilities for greater packing density. 
both linear and cubic are discussed along with 
transducers and other components. In the area 
of systems, application to automation controls 
and other non-audio as well as pure audio ap-
plication are considered. 

SESSION XXVI 

WED. 10:00 A.M.-12:30 P.M. 

BELMONT-PLAZA 
MODERNE ROOM 

Ultrasonics I 

Chairman: FRANK M ASSA, Massa Labs., 
Inc., Hingham, Mass. 

• 

26.1 "Antenna-Type Transducers 
for Ultrasonic Flowmetering," by 
R. C. Swengel, York, Pa. 

In the first application of the Bidirectional 
Ultrasonic Flowmeter, the measurement of hy-
draulic turbine discharge, it was necessary to 
design transducers that would distribute energy 
uniformly over a flow passage whose rectangu-
lar area was 390 square feet. 

Difficulties in space limitations as well as 
obstruction to the flowing water led to the de-
velopment of simple, antenna-type transducers. 
They consist of slender metal rods driven in 
compression by crystal or magnetostrictive 
drivers. Several methods for evaluating per-
formance, both optical and electronic, are dis-
cussed, as well as specific data and the results 
of trials in a 42,500 horsepower hydroelectric 
turbine. 

26.2 "Electrokinetic Hydrophones," 
by Ernest Yeager, Western Reserve 
University, Cleveland, Ohio. 

At the interface between a solid and an 
ionic solution, a layer of ions of predominately 
one charge is absorbed on the surface of the 
solid with a diffuse layer of ions of predomi-
nately opposite charge adjacent in the solution. 
The periodic disturbance of this diffuse layer of 
ions by acoustical waves can produce several 
types of alternating potential effects which are 
significant in hydrophone applications. Such 
electrokinetic hydrophones offer special ad-
vantages at both infrasonic and ultrasonic fre-
quencies in terms of their resistive impedance 
and their extremely small dimensions. 

26.3 "Characteristics of Torsional 
Transducers," by R. N. Thurston 
and Peter Andreatch, Bell Telephone 
Labs., Inc., Murray Hill, N. J. 

This paper is a collection of significant in-
formation about transducers for generating or 
detecting torsional oscillations. 

The existing methods of making torsional 
transducers from barium titanate ceramic, 
quartz, and ADP are reviewed. Typical values 
are given for the electromechanical coupling 
coefficient. the "Q." and the voltage-torque 
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sensitivity when used as a torque-meter. Bar-
ium titanate ceramic transducers having 
coupling coefficients as high as 0.37 have been 
realized. Some practical methods of attaching 
these transducers to other materials such as 
glass and steel are described. 

26.4 "Parameters Affecting the Q of 
Quartz Crystal Units," by A. W. 
Warner, Bell Telephone Labs., Whip-
pany, N. J. 

One of the principal electrical characteris-
tics of a quartz crystal unit used as a high-fre-
quency standard is its Q. Other factors being 
equal, the ability of a crystal unit to reduce the 
effects of circuit instabilities on the frequency 
of a crystal oscillator is directly proportional to 
its Q. 

Studies have been made to find the relation-
ship of Q to frequency, temperature, size, shape, 
surface preparation, and mode of vibration of 
AT-cut quartz plates, varying in size from 
12 mm to 100 mm in diameter and 0.1 to 20 
mc in frequency. 

This has resulted in ( 1) crystal unit designs 
having a wide choice of crystal unit impedance 
in the frequency range of 1 to 10 mc, all 
units having a Q greater than 1X 104, (2) a 
very practical primary frequency standard 
crystal unit design at 5 mc having a Q greater 
than 2 X104, and (3) a particular design having 
a Q of 10X 10' at room temperature. It is be-
lieved that Q's limited principally by the in-
ternal losses of the quartz itself have been 
achieved, and some data are given showing the 
relationship of these losses to frequency and 
temperature. 

26.5 "The Frequency-Temperature 
Behavior of Piezoelectric Resonators 
Made of Natural and Synthetic 
Quartz," by Rudolf Bechmann, The 
Brush Laboratories Co., Cleveland, 
Ohio. 

Resonators made of synthetic quartz show 
some differences in the frequency-temperature 
behavior compared with natural quartz. To 
evaluate the frequency-temperature behavior 
of resonators, the determination of the tem-
perature coefficients of the measured frequency 
dependence up to the third order is necessary. 
These coefficients are functions of several vari-
ables, such as the orientation of the resonators 
and to some extent the ratio of dimensions as 
well as other factors. The representation of the 
frequency-temperature behavior of a resonator 
by the first-, second- and third-order tempera-
ture coefficients forms the basis for investiga-
tion into the fundamental constants, as the 
frequency-temperature behavior of a resonator 
depends on the temperature coefficients of the 
elastic constants and the coefficients of expan-
sion. In synthetic quartz the constants are 
modified to some extent. These investigations 
also have practical application to problems of 
crystal manufacture. The synthetic quartz 
studied was grown under the U. S. Signal Corps 
sponsorship. 

26.6 "Ultrasonics in the Decortica-
tion of Natural Fibers," by Ethel R. 
Fleming, B. M. Harrison Labs., New-
ton Highlands, Mass. 

Experiments intended to evaluate the po-
tential use of ultrasonic energy in the decortica-
tion of natural fibers are described. Practical 
limitations are discussed and possibilities for 
future developments along these lines are sug-

gested. Particular emphasis is placed upon eco-
nomic factors, especially insofar as these con-
cern electronic generators. Essential require-
ments of high-frequency power supplies are 
examined. 

SESSION XXVII 

WED. 10:00 A.M.-12:30 P.M. 

WALDORF-ASTORIA 
STARLIGHT ROOF 

Electronic Computers I 

Chairman: HARRY LARSON, Ramo-
Wooldridge Corp., Los Angeles, Cale. 

• 

27.1 "Experiments on a Three-Core 
Cell for High-Speed Memories," by 
J. Raffel and S. Bradspies, MIT, 
Cambridge, Mass. 

A core memory ten times faster than the 
coincident-current memory (the fastest avail-
able arbitrary-access storage) now seems possi-
ble by the use of three cores per bit of informa-
tion. None of these cores need be of the true 
square-loop type, since two are exclusively for 
switching, one exclusively for memory; it is 
merely necessary that the switch cores be 
saturable and that the memory core have 
remanence. Since selection is completely ex-
ternal to the memory cores, noise is extremely 
low. The speed of such a memory is limited 
only by the amount of current supplied to the 
cores. Single three-core cells have yielded cycle 
times below 0.5 microsecond, with access times 
between 0.1 and 0.2 microsecond. 

27.2 "Bimag Circuits for Digital 
Data-Processing Systems," by Da-
vid Loev, William Miehle, John O. 
Paivinen, and Joseph Wylen, Bur-
roughs Corp., Paoli, Pa. 

Some new techniques for using bimags in 
data-processing systems are disclosed. A brief 
summary of bimag characteristics is given, and 
three fundamental transfer loops are qualita-
tively described. Two of these transfer loops 
permit conditional transfer between bimags 
and thus permit logical operations upon iso-
lated cores. A logical symbolism, useful both 
in drawings and system design, is offered. 

Bimag circuits that are described include 
OR circuits and some novel techniques for 
realizing the AND, EXCLUSIVE-OR, and 
MATERIAL-EQUIVALENCE functions. 

Some special-purpose magnetic shift regis-
ters are described, and techniques for synthe-
sizing logical networks are indicated. 

Comments on the experience gained in de-
signing and operating a large birnag system are 
offered. 

27.3 "A Transistor-Magnetic Core 
Circuit: A New Device Applied to 
Digital Computing Techniques," by 

S. S. Guterman and W. M. Carey, 
Jr., Raytheon Manufacturing Co., 
Waltham, Mass. 

A circuit composed of a magnetic core with 
square-hysteresis-loop and of a single transis-
tor, preferably of a junction type, forms a two-
state memory cell. 

In this circuit only the magnetic core re-
members the state of the cell. The transistor 
serves as a driving or shifting element, as a 
buffer, and also supplies output power. Stand-
by power is negligible. Diodes are not used in 
general. 

From such cells are built all kinds of com-
puting circuits, such as dynamic flip-flops, shift 
registers, counters—binary and decade, as well 
as logical structures. 

These circuits are characterized by very 
low-power consumption, wide tolerances in 
component values, as well as in transistor pa-
rameters, and they have long life expectancy, 
especially if junction transistors are used. 

Because the collector dissipation increases 
directly with frequency, the frequency of opera-
tion, as of this date, is limited by the transistor. 
With low-frequency low-power transistors, op-
eration at 100 kc and even higher had proved 
to be satisfactory and quite reliable. 

27.4 "A 'One-Turn' Magnetic Read-
ing and Recording Head for Com-
puter Use," by D. F. Brower, Hughes 
Res. and Dey. Labs., Culver City, 
Calif. 

The design and characteristics of a «one-
turn" magnetic reading and recording head are 
discussed. Among its desirable characteristics 
are high efficiency and ease of construction. An 
uncomplicated, compact, mechanical configu-
ration simplifies shielding and the accurate po-
sitioning of gaps. Heads may be closely spaced 
while maintaining a low cross-talk ratio. 

27.5 "Magnetic Selection Systems 
Using a Single Pyramid for Both 
Selective Writing and Reading in 
Large-Scale Electronic Computers," 
by Amir H. Sepahban, Monroe Cal-
culating Machine Co., Morris Plains, 
N. J. 

Selective writing of information on a chosen 
memory channel (magnetic drum channel) as 
well as selective reading from such a chosen 
channel in electronic computers is commonly 
performed by means of relay pyramids or diode 
or vacuum tube pyramids. This paper suggests 
the use of magnetic-core elements for this ap-
plication in order to obtain a higher degree of 
reliability and longer life essential in large-
scale electronic computers. 

Description is given of the principle of 
operation of a 2-way all-magnetic 50-channel 
selection system developed as a prototype for a 
3,500-channel magnetic drum storage unit. 

Use of high permeability, nonrectangular 
hysteresis-loop-type cores allows noise-free gat-
ing of high-level writing currents as well as low-
level reading voltages with a single magnetic 
pyramid. This departure from the conventional 
principle of switching cores with rectangular hys-
teresis-loop characteristics is essential for two-
way operation of large-scale selection system. 

Signal-to-noise ratios better than fifteen-to-
one at a 100 kc signal repetition rate with chan-
nel selection speeds In the order of 100 micro-
seconds are obtainable. 
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SESSION XXVIII 

WED. 10:00 A.M.-12:30 P.M. 

WALDORF-ASTORIA 
ASTOR GALLERY 

Microwave Theory and Techniques 
I Microwave Components 

Chairman: H. F. ENGLEMANN, Fed. 
Tel. Labs., Inc., NtiIley, N. J. 

• 

28.1 "Wideband Waveguide Rotary 
Joint," by Henry Schwiebert, Wheel-
er Labs., Great Neck, N. Y. 

A waveguide rotary joint has been de-
veloped for operation over a 20 per cent fre-
quency bandwidth, matched within 1.2 db 
SWR (1.15 VSWR). It is based on a coaxial-
line midsection, and handles the maximum 
pulse power consistent with single-mode propa-
gation in such a line. At each end, it utilizes the 
ring type of junction with rectangular wave-
guide, previously developed for half this band-
width. The improvements include a special 
compensation for the frequency variation of 
waveguide impedance and a special damping 
against incidental ring resonance in an un-
coupled mode. Designs and models have been 
made for various bands in the range of 4 to 
12 kmc. 

28.2 "The Use of Modified Coaxial 
Structures for the Instrumentation 
of Components in Coaxial Line," by 
Bernard Dwork, Harvard University, 
Cambridge, Mass., and Arthur A. 
Oliner, Polytechnic Institute of Brook-
lyn, Brooklyn, N. Y. 

A number of components of novel construc-
tion employing modified coaxial structures 
have been designed for use in coaxial lines. 
These components are intenced to supplement 
existing equipment so that a bench setup in 
coaxial line need no longer resort to transitions 
to rectangular waveguide for the necessary 
components. Among the components to be dis-
cussed are a variable attenuator, a hybrid tee, a 
directional coupler, and a novel type of double 
stub tuner. The modified coaxial structures em-
ployed are two- and three-plate parallel strip 
lines, and bifurcated coaxial lines. Emphasis in 
the design is placed on wide-band characteris-
tics, small size, and simplicity of construction. 

28.3 "High-Power Breakdown of 
Microwave Components," by G. K. 
Hart and M. S. Tanenbaum, Sperry 
Gyroscope Co., Great Neck, N. Y. 

The main problems involved in the experi-
mental determination of the peak-power ca-
pacity of waveguide components are discussed. 
An experimental approach based upon a sta-
tistical concept of breakdown is presented and 
the equipment required for this approach is de-
scribed. Experimental evidence is given which 
supports both the statistical concept and the 
experimental approach. Data is presented on 
the power-carrying capacity of directional 
couplers, E- and H-plane tee junctions, E- and 
H-plane bends, and flange junctions. 

28.4 "A Low Noise-Figure Micro-
wave Crystal Diode," by G. Mes-
senger and C. T. McCoy, Philco 
Corp., Philadelphia, Pa. 

Microwave mixer noise figure can be 
uniquely calculated from the rectifier's equiva-
lent circuit, which in turn can be uniquely de-
termined from fundamental physics parame-
ters. 

The theoretical and practical relation of 
these parameters will be discussed in their ap-
plication to the development of a germanium 
diode, with x-band noise figure as low as 4.5 db. 

Though based on quantitative analyses, the 
presentation will confine itself to qualitative 
reasoning and graphical illustration. 

Factors included in the discussion are the 
effects of spreading resistance, barrier capacity, 
power dissipation, noise temperature, surface 
treatment, etc. 

28.5 "Tapered Velocity Couplers" 
—Part I, by J. S. Cook. 

It is known that if two transmission lines 
with equal phase velocities are mutually 
coupled over some length, a signal introduced 
into one line will be completely transferred 
periodically back and forth between the lines. 

This principle is employed in power-"split-
ting" devices where power is, for instance, 
equally divided between two lines. Half of the 
signal power is permitted to transfer from one 
line to the other and at this point the coupling 
is discontinued. Other devices utilizing this 
coupling principle provide complete transfer of 
a signal from one line to another. These devices, 
however, do not work so well when operation 
over a very large bandwidth is desired. 

Certain considerations lead to the conclu-
sion that if the relative phase velocities of two 
coupled transmission lines are caused to vary 
over their length, being equal at one end and 
widely divergent at the other, a signal intro-
duced into one line will become equally divided 
between the lines. This scheme has only a 
second order frequency dependence and its 
useful bandwidth is a function of its physical 
length. A demonstration of a mechanical analog 
in the form of two coupled pendulums will be 
given to verify these conclusions. 

Due to the relatively great physical length 
of this kind of coupler it will probably find most 
practical application at frequencies above 
10,000 mc/s and/or in devices such as travel-
ing-wave tubes with slow-wave structures. 

28.5 "Tapered Velocity Couplers" 
—Part II, by A. G. Fox. 

While a linear variation of the phase con-
stant difference between a pair of coupled 
waveguides can produce a first order broad-
band transfer of power from one waveguide to 
another, the transfer characteristic will contain 
small ripples unless the waveguides are in-
finitely long. However, by simultaneously 
varying the coupling coefficient throughout the 
coupling region, the power transfer can be 
made substantially complete. The simultaneous 
variation of coupling coefficient and phase con-
stant difference is based on a new principle of 
coupling between traveling waves here referred 
to as "normal mode tapering." The normal 
modes in such a tapered system are character-
ized by transverse field and energy distributions 
which change from point to point along the 
coupling region. Provided energy is introduced 
into only one of the normal modes, it can travel 
through the coupler with a desired change in 
the power distribution between two wave-
guides, and the distribution will not be sensitive 
to frequency changes. In contrast, the usual 

couplers employing matched phase constants 
achieve power transfer by means of the inter-
ference between two normal modes, and band-
width will be limited by changes in this inter-
ference. A demonstration using the pendulum 
model will be given of the improvement in 
power transfer which can be achieved by simul-
taneous variation of coupling and phase con-
stant difference. 

SESSION XXIX 

WED. 10:00 A.M.-12:30 P.M. 

WALDORF-ASTORIA 
JADE ROOM 

Production Techniques—Elec-
tronic Equipment Assembly 

Methods 

Chairman: RALPH R. BATCHER, Radio Rice-
Ironic TV Mfrs.' Assoc., New York, N. Y. 

• 

29.1 "Electronic Design for a Digi-
tal Computer," by R. J. O'Neill, 
Hughes Res. and Da. Labs., Culver 
City, Calif. 

The cabinet is constructed of a top pan, 
bottom pan, and pillars separating these pans. 
The pillars are hollow, acting as supports and 
air ducts. Tiers are stacked between pillars and 
air vented through the tiers. Small chassis-hold-
ing electronic components plug into the tiers. 
Chassis are designed for preformed or post-
formed etched boards but presently are being 
used with flat boards until others are produc-
tion tested. Machine wiring is all by taper pin 
connections. Cabinet doors open such that all 
wiring is accessible for service. 

29.2 "A Flexible Automatic Com-
ponent Assembly System," by Ben 
Warriner and George W. Gamble, 
General Elec. Co., Ithaca, N. Y. 

This paper describes an automatic system 
for assembling lead-mounted components on 
printed circuit boards. It is being constructed 
under contract with the United States Army 
Signal Corps as an industrial preparedness 
measure. The component preparation, feed, 
placement, and testing functions are automati-
cally controlled by a punch card programming 
system. Flexibility for job lot production has 
been stressed. This paper includes a discussion 
of the characteristics of the system, a descrip-
tion of the major units, and its overall operation. 

29.3 "Principles of Circuit Packag-
ing for Auto-Sembly," by Sherman 
G. Bassler, Sig. Corps Engrg. Labs., 
Ft. Monmouth, N. J., and Myron 
Hinebaugh, P. R. Mallory and Co., 
Inc., Indianapolis, Ind. 

The printed-wiring technique of electronic 
circuit fabrication known as Auto-Sembly was 
introduced by the Signal Corps in 1949 and 
presented at the IRE Convention in New York 
in 1950. Acceptance and effective application 
by industry has confirmed the soundness of the 
principles involved. 
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The application of the system to more com-
plex equipments, miniature as well as the larger 
size equipments, has shown the need for im-
provement in integration and circuit packaging 
methods. 

To provide design information to meet this 
need has been the objective of a Signal Corps 
research and development contract with P. R. 
Mallory and Co., entitled "Development of 
Principles and Techniques of Integration and 
Packaging of Printed Circuit Assemblies," Con-
tract DA-36-039 SC-42468. 

This paper will present pertinent data de-
veloped from this contract and will show some 
of the aids evolved to assist the designer in se-
lecting the proper circuit package and integra-
tion method to meet his design requirements. 
Four types of circuit packaging are presented 
with analyses of their efficiencies. Weight, vol-
ume, maintenance, and thermal efficiencies are 
considered. The methods devised for integrat-
ing the packaged sub-assemblies together with 
their integration efficiencies are shown. 

The increasing demand for smaller, lighter, 
more rugged and efficient electronic gear, makes 
this new design information particularly useful 
for designers of new equipments. 

29.4 "Standards for Automation," 

by J. J. Graham, Radio Corp. of 
Amer., Camden, N. J. 

This is a paper discussing the need for and 
development of guide lines for the mechaniza-
tion and eventual automatization of the assem-
bly and construction of electronic equipment. 

Development of standards for hole sizes, 
board sizes, component mounting and arrange-
ment, equipment assembly, and manufacturing 
processes will be presented. 

Comparison of problems and costs of auto-
mation processes with and without standards 
with special emphasis on machine design prob-
lems will also be treated. 

The paper will close with a summation of 
the benefits derived from using standards, both 
from a manufacturing and a cost standpoint. 

29.5 "Mechanization of Electronic 
Equipment," by Frank B. Iles, Ra-
dio Corp. of Amer., Camden, N. J. 

This paper will present a discussion of the 
machine development program being followed 
by RCA's Production Department, with ex-
planation of the over-all program and detailed 
description of machinery developed to date. A 
detailed description and production history of 
the following five pieces of equipment will also 
be furnished: 

24-inch Shearing Machine with Automatic 
Control 

Programmed Punching Machine 
12-inch Shearing Machine 
Two-Station Component Installing Ma-

chine 
Automatic Soldering Machine 
Equipment usage will then be treated, with 

discussion of conveyorization and general plant 
arrangement for eventual automatization of the 
process. 

29.6 "An Engineering Approach to 
Printed Circuitry and Automation," 
by Rinaldo DeCola and George Har-
rigan, Admiral Corp., Chicago, Ill. 

This paper concerns the distribution of re-
sponsibility during the development of a 
printed circuit and automation program for the 
design and production of radio and television 
receivers using these techniques. 

Also work over a period of time covering 
two and a half years is considered, certain spe-

cific problems and their solutions are discussed, 
equipment for use in the design and sample 
production of printed chassis, coils and other 
components is described. 

Test and evaluation of field and environ-
ment conditions as well as field reaction and 
service problems are discussed. 
A program of new component design, adap-

tion, quality control, and the need for further 
controls to insure more reliable flow of products 
through a high speed production system is 
considered. 

As four groups, electrical engineering, me-
chanical engineering, production engineering 
and engineering quality control are involved in 
such a program. The co-ordination of these into 
an effective staff is covered. 

While the sync, sound IF, video stage, and 
audio output tubes were first printed and 
mechanized, the adaptation of a universal IF 
system is described in detail. 
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WED. 10:00 A.M .-12:30 P.M. 
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• 

30.1 "An Atomic Frequency Stand-
ard," by Jerrold R. Zacharias, James 
G. Yates, and R. D. Haun, Jr., Mas-
sachusetts Institute of Technology, 
Cambridge, Mass. 

This research was supported by the Signal 
Corps; the Office of Scientific Research, Air Re-
search and Development Command; and the 
Office of Naval Research. 

The hyperfine structure resonance line of 
atomic Cesium at approximately 9192.632 
mgc/sec has been used to stabilize the fre-
quency of a microwave signal generator. This 
resonance frequency, describable as the Larmor 
precession frequency of the valence electron of 
atomic Cesium in the magnetic field of the 
atomic nucleus, is observed by the atomic beam 
magnetic resonance method as a resonance 
curve with a half-width of approximately 200 
cycles/sec. The techniques necessary to make it 
into a practical device have become available 
only in the last few years in connection with re-
searches on rare isotopes of the alkali atoms. 
These techniques will be described. 

Preliminary results show that the short-
time stability thus obtained (for times less than 
one second) is better than 1 part in 109 and that 
the average stability for long times will be con-
siderably better than this. The beam tube has 
run satisfactorily for periods as long as 50 days 
indicating that a sealed-off tube with a life of 
several years should be quite possible. 

30.2 "A Molecular Microwave Am-
plifier, Oscillator, and Frequency 
Standard," by Charles H. Townes, 
Columbia University, New York, 
N. Y. 

A device has been developed which pro-
ducee microwave amplification or oscillation as 

a result of interactions between electromag-
netic fields and a beam of molecules in radiative 
states. The oscillation is extremely monochro-
matic and very stable in frequency because the 
frequency is primarily determined by the 
resonant frequency of isolated molecules. Ex-
perimental tests and theoretical analysis indi-
cate that the device should provide a very con-
stant and rugged frequency standard. 

30.3 "Collision Reduced Doppler 
Effect. A Sodium Clock?," by R. H. 
Dicke, Harvard University, Cam-
bridge, Mass. 

It seems to be very important if not essen-
tial that an "atomic clock" employ an atomic or 
molecular resonance with an intrinsic frequency 
width which is very small. The one factor af-
fecting this line width most difficult to modify 
is the Doppler effect resulting from atomic 
thermal velocities. The hyperfine transitions in 
the monatomic vapor of the alkali metals is 
characterized by the fact that the Doppler ef-
fect can be essentially eliminated in a very 
simple fashion. If the alkali metal vapor at a 
pressure of perhaps 10-8 mm of Hg is carried in 
a helium atmosphere at a pressure of perhaps 
.1 mm, the Doppler effect contribution to the 
line width is given by the time required by 
the alkali metal atom to diffuse a wavelength, 
rather than the time to move a wavelength as 
in the normal Doppler effect, an improvement 
of about a factor of 100. It is essential that the 
electronic spin orientation in the metal atom be 
unaffected by a collision with a helium atom. 
The technique of "optical pumping" for im-
proving signal-to-noise will be discussed, also 
techniques for coherent pulse-induced radiation. 

30.4 "Eddy-Current Bridge for 
Measurement of Skin Losses," by 
Quentin A. Kerns, University of Cali-
fornia, Berkeley, Calif. 

Search for a suitable measurement tech-
nique for skin losses led to the development of 
the present instrument, which seems to be one 
member of a family of similar devices. 

The eddy-current bridge has been used to 
measure the conductivity of materials from 
silver to graphite at frequencies ranging from 
1 kc to 40 mc. To obtain a reading, the sample 
is placed against the instrument head and two 
adjustments are made, corresponding to re-
sistive and reactive balancing of a bridge, which 
may be calibrated to read resistivity in ohm-cm 
or ohms square at a given frequency. 

A wide frequency range is desirable in the 
instrument. In particular, a plot of loss vs fre-
quency for a sample can be used to measure 
plating thickness, or to detect the presence of 
a lossy layer on a base metal of higher con-
ductivity. Such a lossy layer, found in copper-
clad steel, was easily removed by pickling. 

30.5 "Modifications to the Hutch-
inson-Scarrott Pulse Height Ana-
lyzer to Obtain a Coded Decimal 
Presentation and a Decimal Print-
out," by J. L. McKibben, J. D. 
Gallagher, and H. J. Lang, Los Ala-
mos Scientific Lab., Los Alamos, 

N. M. 
The modifications to be described improved 

the memory stability to the point where the 
analyzer would give dependable operation for a 
period of at least one month with no adjust-
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ments of the memory or adder during that time. 
The modifications to the memory section were 
made to improve the reliability and to permit 
an easy conversion to storage in a coded deci-
mal system. The storage in a coded decimal sys-
tem resulted in two advantages, an easily read 
display and the availability of data in a 'orm 
suitable for use with an automatic print-out 
machine. The code was made such that the very 
simple binary adder could be retained. To 
further improve reliability, a very stable fused 
quartz delay line was chosen instead of a 
mercury delay line or a magnetostriction line. 

SESSION XXXI 

WED. 10:00 A.M.-12:00 Noon 

WALDORF-ASTORIA 
GRAND BALLROOM 

Symposium on Spurious 
Radiation 

Chairman: RALPH BowN, Bell Telephone 

Laboratories, Murray Hill, N. J. 

Panel: W. R. G. Baker, General Electric Co., 
Syracuse, N. Y.; A. V. Loughren, Hazeltine 
Corp., Great Neck, N. Y.; G. E. Sterling, 
formerly FCC Commissioner; Ernst Weber, 
Polytechnic Inst. of Brooklyn, Brooklyn, 

N. Y.; E. M. Webster, FCC Commissioner. 
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32.1 "A Generalization of Foster's 
and Cauer's Theorems," by F. M. 
Reza, MIT, Cambridge, Mass. 

The following lemma is proved by the po-
tential analog method. 

If P(s) is a Hurwitz polynomial, then 
d*P(s)/ds" is also a Hurwitz polynomial. Using 
this lemma as a starting point, the well-known 
Foster and Cauer's theorems are then general-
ized. The generalization in the latter case re-
quires a more elaborate proof than in the first 
case. It is shown that if Z(s)= P(s)/Q(s) repre-
sents the driving-point impedance of an RL or 
RC passive network, then 

reP(s)/dej Id"Q(s)/ 

also will represent an RL or RC driving-point 
impedance. 
A general discussion on the generation of 

positive real functions presenting the driving-
point impedances of two-element kind networks 
is undertaken. In this direction the following 
general theorem is proved: If 

so -4- so. -I- • • • + ae" 
Z(s) 

bo bas • • • 1- be" 

represents the driving-point impedance of a 
two-element kind one-terminal pair dissipative 

network, and P(s) is a Hurwitz polynomial 
with negative real distinct roots, then: 

O o -I- ail" -I- • • • • 0,,p(n) 
Zk(s) 

bo biP' -I- • • • -I- 

will also represent the driving-point impedance 
of a two-element kind one-terminal pair dissipa-
tive network. 

32.2 "On the Separability of La-
place Transform Variable and its 
Applications in Carrier Systems," 
by Sheldon S. L. Chang, New York 
University, New York, N. Y. 

Carrier systems are analyzed by separating 
the Laplace transform variable into a data com-
ponent and a carrier component. Independent 
ptrasors are introduced giving rise to independ-
ent complex planes for the data transform vari-
able and carrier transform variable. Data 
transfer function linking directly the demodu-
lated signal to the modulating signal is derived 
for arbitrary carrier network and is applicable 
to both sinusoidal and transient inputs. 

The method is applied to carrier servo-
mechanisms. The equivalent time constants for 
a carrier network is derived under condition 
with phase and frequency errors. 

For dual channel carrier servos, doubly 
complex input and response functions are in-
troduced. Together with the complex transfer 
function, "cross-talk" can be treated as a single 
servo problem instead of as that of two inter-
linked servo-systems, with much simplification 
in the analysis. 

32.3 "A New Approach to the Ap-
proximation Problem," by Walter L. 
Baker, Ordnance Research Labora-
tory, Pennsylvania State University, 
State College, Pa. 

The signals encountered in industrial con-
trol processes and other control systems is often 
some arbitrary function which is known only in 
the form of graphical or tabulated data. It is de-
sirable for design purposes to obtain a mathe-
matical expression for the signal function. A 
method is presented for obtaining by a function 
of the form e-g(c4r+a.-if"-ii- • • • so), a de-
sired fit to a large group of signal functions. It 
is assumed that the signal is a real function of 
time which: 

1. is bounded and single valued for OSt< 
2. must approach zero as 1-4 co 
3. is zero for all values of i<0 
4. has only points of ordinary discontinu-

ity. 
The method of approximation which is pre-
sented, provides greater flexibility and rapidity 
in obtaining a fit where the difference between 
the given function and the approximating 
function is to be minimized at any desired 
points. One can also estimate initially how 
much work is justified in obtaining a desired fit 
and arrange the detailed procedure accordingly. 

32.4 "A New Series Representation 
for Correlation Functions," by 
W. M. Kaufman and J. B. Wood-
ford, Carnegie Institute of Technol-
ogy, Pittsburgh, Pa. 

A special series representation of the auto-
correlation function of a statistically described 
signal is presented which can adequately de-
scribe in a few terms most functions likely to 
be encountered. Use of this approximation will 
allow many synthesis problems to be solved 
analytically instead of numerically or graphi-

cally. A generalization of this method is sug-
gested for the fourth and higher moment cor-
relation functions. Examples are given of the 
use of this method in the design of optimum 
linear servomechanisms and filters involving a 
statistically described input signal. 

32.5 "Theory of Low-Frequency 
Oscillators Employing Point-Con-
tact Transistors," by B. J. Dasher, 
D. L. Finn, and T. N. Lowry, Geor-
gia Institute of Technology, Atlanta, 
Ga. 

This paper describes a theory for low-fre-
quency oscillators, employing point-contact 
transistors, novel features of which include the 
use of precalculated design curves for deter-
mining the amplitude of oscillations, and the 
direct calculation of frequency stability. The 
analysis is based on a Fourier-series representa-
tion in which the nonlinear negative resistance 
characteristic is approximated by straight-line 
segments. Instead of assuming the character-
istic to be nearly linear, the oscillation is as-
sumed to be nearly sinusoidal. With the help of 
design curves computed for idealized typical 
characteristics it is possible to predict with 
reasonably good accuracy both the amplitude 
stability and the frequency stability of an 
oscillator with respect to known variations of 
transistor parameters. 

The application of the theory to design 
problems is illustrated by example, and experi-
mental confirmation of the results is presented. 

SESSION XXXIII 

WED. 10:00 A.M.-12:30 P.M. 

KINGSBRIDGE ARMORY 
FARADAY HALL 

Antennas and Propagation III 
Panel Discussion: Extended 

Range VHF and UHF 
Propagation 

Chairman: JEROME B. W IESNER, Mass-

achusetts Institute of Technology, 
Cambridge, Mass. 

Panel Members: Kenneth Bullington, Bell 

Tel. Labs., New York, N. Y.; William E. 
Gordon, Cornell University, Ithaca, N. Y.; 
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row, Massachusetts Institute of Technology. 
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Discussion of new techniques, experimental 
data and current research in long-range vhf and 
uhf propagation. 
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WED. 2:30-5:00 P.M. 
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Chairman: OSKAR E. M ATTIAT, Clev-
ite-Brush Dey. Co., Cleveland, Ohio 
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34.1 " Nondestructive Testers by 

Means of Ultrasonics," by Bertram 
M. Harrison, B. M. Harrison Labs., 

Newton Highlands, Mass. 

A general examination is made of the tech-
niques currently being employed in non-
destructive testing by the use of ultrasonic and 
sonic vibrations. Limitations economic and 
practical are discussed. Suggestions of pos-
sibilities involving new and different tech-
niques are advanced and practical limitations 
of strictly theoretical approaches discussed. 

34.2 "Ultrasonic Echo-Ranging for 

"l'issue Diagnostic Studies," by John 
M. Reid and John J. Wild, Medico-
Technological Research Dept., St. 
Barnabas Hospital, Minneapolis, 
Minn. 

An ultrasonic beam is used to scan tissues 
at a carrier frequency of 15 megacycles, a pulse 
length of 1 microsecond, and a repetition rate 
of 1 kilocycle. A thickness-resonant, air-backed, 
X-cut quartz crystal is used as a transducer. 
Echoes returned by tissue are displayed, using 
radar techniques, to form a picture of the ir-
regularities. Several transducer transport 
mechanisms are described. Empirical studies 
using biological techniques have been made of 
reflection patterns from different parts of the 
body. The equipment has been in clinical use 
for the diagnosis of human breast lesions, in-
cluding cancer. Pictures characteristic of vari-
ous types of breast lesions are shown. 

34.3 "Techniques Used in the Ul-
trasonic Visualization of Soft Tissue 
Structures of the Body," by Doug-
las H. Ilowry, University of Colorado 
Medical Center, Denver, Col. 

Sound echo-ranging techniques used in 
materials testing do not lend themselves to the 
study of the interior construction of the body, 
since the high acoustic absorption plus the 
anatomic complexity require a low-frequency 
signal while maintaining an azimuth and 
range-resolving power of 32 objects to the inch 
over a 40 db scale. 

The range problem has been satisfactorily 
solved by three separate methods: (1) Either 
by coupling the crystal driver to water by 
making it into an asymmetric compound os-
cillator, or by a special acoustic impedance 
transformer, which produces an efficient wide-
band transfer of power with a resultant short 
pulse. (2) By double reverse pulsing which 
causes the echo to phase-cancel itself after a 
predetermined number of oscillations. (3) By a 
new system of phase-modulation echo-ranging 
which makes possible a resolution of structures 
separated by wave length. 

The azimuth problem has been partially 
solved by beam focusing, and by a system of 
multiple position scanning which accurately 
interchanges range information for azimuth 
resolution. A computer circuit is being de-
veloped which will further improve azimuth 
resolution. Examples of two and three dimen-
sional pictures will be shown, and technical and 
physical limitations of the system described. 

34.4 "Technical Aspects of the Cav-
itron Ultrasonic Process in Dentis-
try," by Lewis Balamuth, Cavitron 
Equipment Corp., Long Island City, 
N. Y. 

The Cavitron ultrasonic dental machine 
will be described with reference to its ultra-
sonic engineering features. Recent successes in 
clinical applications on patients have pointed 
to ultrasonic dentistry as one of the more sig-
nificant advances in the growing field of ultra-
sonic technology. 

The ultrasonic machining process will be 
discussed in the light of its meaning for operat-
ing on living tooth structure. The differences 
between the action of conventional rotary 
dental instruments and the Cavitron dental 
tool will be described in detail. Evidence will 
be presented to show that the Cavitron method 
of cutting tooth structure takes place at very 
low speeds and consequently with only the 
slightest pressure during the excavation. This 
is in direct contrast with the trend of rotary 
instrument research where recent work has 
been at high and higher rotary speeds. 

34.5 "Application of Ultrasonics to 
Clinical Dentistry," by Alvin E. 
Strock, Peter Bent Brigham Hospital, 
Boston, Mass. 

The use of ultrasonic vibrations to activate 
tools for carrying out dental procedures is being 
evaluated. It is proving of practical value in 
many branches of dentistry. 

Using the Cavitron process, many intricate 
excavations in tooth structure can be made 
The sensation of the ultrasonic drill to the 
patient is quite different and distinctly less 
disagreeable than conventional tools. 

It can also be used for filing nerve canals 
in nonvital teeth. Conventional techniques 
have often resulted in freezing and fracturing 
of rotating files inside the tooth root. Files 
threaded into the end of the transducer are 
very effective and eliminate these difficulties. 

Tools can also be made for condensing 
various types of filling materials. The possi-
bilities for cutting bone and disintegrating 
tartar have great promise and will be reported. 

34.6 "Ultrasonic Destruction of 
Erythrocytes," by Eugene Acker-
man and David B. Lombard, Penn-
sylvania State University, State Col-
lege, Pa. 

Equipment has been constructed to observe 
the breakdown of mammalian erythrocytes in 
cavitating acoustic fields from 50 kc to I mc. 
These fields are produced in three ceramic 
bowls which can easily be used at frequencies 
either side of their resonances. The sound 
pressures are measured with calibrated ceramic 
probe hydrophones, and the particle velocities 
with electrokinetic hydrophones. The erythro-
cyte concentration is measured directly in the 
exposure tube in the sound field by means of an 
optical densitometer built into the equipment. 
The output is recorded on an Esterline Angus 
milliameter. 

Preliminary measurements on the fre-
quency dependence of the breakdown rate of 
the erythrocytes will be presented. 
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The most versatile machines—electronic 
digital computers—can perform only a fraction 
of the tasks commonplace to the human brain. 
How can we go about designing machines of 

greater versatility and adaptability, whose per-
formance resembles more closely the higher be-
havior patterns of the human brain? 

The possibility of such an approach is im-
portant both in engineering and in medicine, 
and the points of view of both of these disci-
plines will be discussed by the panel. 

SESSION XXXVI 

WED. 2:30-5:00 P.M. 

WALDORF-ASTORIA 
ASTOR GALLERY 

Microwave Theory and 
Techniques II 

Microwave Techniques 

Chairman: W. L. PRITCHARD, Ray 
theon Mfg. Co., Newton, Mass. 

36.1 "A Broadband Electronic Dop-
pler Simulator," by Gershon J. 

Wheeler and John Reed, Raytheon 
Mfg. Co., Newton, Mass. 

Instead of using a whee: or other mechanical 
device in this Doppler simulator, a single side-
band signal is obtained electronically with no 
moving parts. 
The incoming signal is split in a hybrid tee. 

Both halves are amplitude modulated by 
audio signals in quadrature and then recom-
bined in quadrature. As a result one side-band 
is completely suppressed while the other is 
transmitted with little attenuation. Carrier 
suppression may be accomplished by using bal-
anced modulators. 

Extreme bandwidth is obtained by making 
the side arms of the hybrid of waveguides of 
different dimensions, so chosen that the differ-
ence in electrical length remains constant over a 
broad band. 

36.2 "A Contribution to Microwave 
Measurements," by F. J. Tischer, 
Huntsville, Ala. 

This paper is concerned with the subject of 
field distribution in the vicinity of a special 
helix line structure with regard to the existence 
of waves traveling with reduced velocity along 
the line element. The existence of such waves 
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makes practical the application of the line ele-
ment to a standing wave detector at frequencies 
less than 500 mc. 

Problems discussed include instruments 
which show the standing wave pattern of the 
field strength in a transmission line on the 
screen of a cathode ray tube. Prototypes are 
shown in photographs. 

The investigation of the field distribution in 
waveguides, with both progressing and reflected 
waves, shows the applicability of a probe rotat-
ing around its axis for the standing wave detec-
tion. 

36.3 "Measurement of Electromag-
netic Parameters by the Use of 
Spheres Placed Near a Wall in a 
Resonant Cavity," by W. K. Saun-
ders, Diamond Ordnance Fuze Labs., 
Washington, D. C. 

A standard method for the measurement of 
electromagnetic parameters at microwave fre-
quencies is through the study of the frequency 
shifts caused by the introduction of a sample 
into a resonant cavity. This method requires a 
knowledge of the field within the sample in 
terms of the unperturbed field. For rode and 
plates, this is easily obtained, but for the more 
mechanically convenient spheres, a problem 
arises as the sample is allowed to approach a 
wall of the cavity. Now the free-space dielectric 
sphere solution is no longer valid, and one re-
quires a solution of Laplace's equation for a 
sphere in the presence of a plate. The author 
has not been able to find this solution in the 
literature. A method is given which indicates 
the structure of the solution and the variation 
of the cavity frequency perturbation as the 
sample approaches the wall. 

36.4 " Impedance Measurement 
Through a Discontinuity in a Trans-
mission Line," by R. Mittra, Uni-
versity of Toronto, Toronto, Canada. 

The paper describes a method for calibrat-
ing a slotted line when measuring impedance 
through a discontinuity, e.g. an adapter, a 
coupling element between two guides, or a four-
terminal network in series with the transmis-
sion line. 

The method consists of performing standing 
wave measurements through the discontinuity 
with three specified reactance terminations. 
For the lossless junctions, three calibration con-
stants are obtained directly from the measure-
ment data. The evaluation of constants for a 
lossy structure involves certain simple graphi-
cal constructions on a Smith chart. 

Typical application of the method in the 
fields of impedance measurements and match-
ing, with examples illustrating the procedure, 
and certain advantages of the method over 
those already existing in the field are presented. 

36.5 "Measurement of Small Com-
plex Reflection Coefficient," by 
Howard Scharfman, Raytheon Mfg. 
Co., Bedford, Mass. 

An accurate method of measuring reflec-
tion coefficients of magnitudes in the range 
.003 to .1 with good phase information is pre-
sented. The length of time required for a 
measurement is negligibly longer than for con-
ventional slotted line techniques, and the 
measurement accuracy is considerably better. 
The system employe a ferrite circulator to 
separate incident and reflected powers at the 
unknown load. A microwave bridge is used to 

measure the relative phase and amplitude of 
the reflected power from the unknown load as 
compared to a reference short circuit. 

The limitations of the method, means for 
extending the range of accurate measurement, 
and examples of successful application in 
matching problems are discussed. 
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37.1 "Prediction of Missile Reliabil-
ity," by M. J. Kirby and H. R. Pow-
ell, Sperry Gyroscope Co., Great 
Neck, N. Y. 

This paper describes a method of testing 
missile elements to failure and analysis of the 
results. The "ultimate strength" of an element 
is plotted as the probability of failure vs the 
duration of exposure to the test environment. 
This is a convenient numerical indication of 
the inherent reliability of a design or a produc-
tion lot, if the simulation of the use-environ-
ment in the testa is realistic. Comparison of the 
curves of "probability of first failure" with the 
"probability of second failure" indicates what 
limits the reliability and the degree of improve-
ment to be expected from a remedy. Also, 
classification of failures according to cause as 
"design, » "workmanship," "tubes," etc. shows 
where corrective emphasis should lie and 
whether the proportion of manufacturing errors 
is decreasing or increasing. This makes the 
method useful for monitoring the quality of 
production. A sufficient number of missile 
components has been tested to failure to dem-
onstrate the feasibility of the method, and its 
effectiveness in providing a basis for recom-
mending remedial changes. 

37.2 "Detection of Intermittent 
Circuit Faults," by Sidney Wald, 
Glenn L. Martin Co., Baltimore, Md. 

The detection of Intermittent faults in elec-
tronic equipment is an art in which the chief 
tools have been experience, ingenuity, intui-
tion, and patience. 
A new test method is described herein which 

is designed to ferret out potential trouble areas 
in electronic apparatus before the faults therein 
cause malfunction of the equipment (present 
operational checks and voltage and resistance 
analyses show only present faults, not potential 
ones), and without resorting to damaging ex-
tremes such as excessive heat, cold, moisture, 
shock, or overvoltage. 

In its present state of development, this 
new technique applies to RF and IF circuits 
which normally handle continuous modulated 
signals. 

The method consists of the following steps: 
(1) A large amplitude unmodulated carrier of 
frequency suitable to the circuit under test is 

pplied to the circuit input; (2) the output is 
brought to a detector; (3) the detector output 
is amplified and monitored with a loudspeaker, 
test oscilloscope, and voltmeter. Refer to the 
block diagram (Figure 2); (4) the circuit under 
test is explored by gently tapping each com-
ponent; (5) any perturbation of circuit con-
stants causes a modulation of the carrier and 
results in an output. The circuit under test 
becomes extremely microphonic; that is, de-
tachable electrical outputs are produced by ex-
tremely small mechanical vibrations or shocks. 
Such outputs are not produced in the absence 
of the carrier signal in most circuits. 

37.3 "Statistics of Electronic Sys-
tem Failures," by J. H. Parsons, 
K. L. Wong, and A. S. Yeiser, 
Hughes Aircraft Co., Culver City, 
Calif. 

Electronic systems are studied with respect 
to the probability of an operation of specified 
length being failure free. How this probability 
depends upon the maintenance policy is de-
scribed. Under many types of maintenance, 
failures tend toward a pseudo-random distribu-
tion quite irrespective of the components' 
failure characteristics. Thus, the effectiveness 
of a proposed program of scheduled component 
replacement is difficult to predict from system 
failure statistics, but can be deduced if the 
coefficients of variation of the mean lives of the 
components are known. A simplified mathe-
matical model of the failure behavior of a large 
scale electronic system is presented. Failure and 
error data from a moderately large digital com-
puter are found in agreement with this model. 

37.4 "New Reliable Voltage Refer-
ence Tubes for Severe Environ-
mental Conditions," by Earl J. 
Handly, Raytheon Mfg. Co., Newton, 
Mass. 

The variation in characteristics of some new 
glow-discharge voltage reference tubes are dis-
cussed. The paper includes material on the 
ionization and operating voltages for both 
short- and long-term operation. The effect of 
several factors such as vibration, shock, and 
high ambient temperatures are discussed. 
Values of initial voltage drift and voltage re-
peatability are given. The results are partic-
ularly applicable where the VR tubes are used 
as a source of reference voltage. 

37.5 "Guided Missile Reliability 
and Electronic Production Tech-
niques," by Alfred R. Gray, Glenn L. 
Martin Co., Baltimore, Md. 

Reliability and maintenance problems pe-
culiar to airborne electronic equipment are 
discussed. Emphasized are the fantastic de-
mands made upon electronic component-part 
reliability by the vibration and temperature of 
guided missiles. Comment is made regarding 
the influence of component-part changes upon 
production techniques, as parts manufacturers 
strive to meet the missile reliability challenge. 
A general description is given (with slides) of 
various contemporary manual production 
methods, and of several concepts for electronic 
automation. An attempt is made to view these 
techniques and concepts objectively, and to 
evaluate them in terms of their ability to core 
with present component-part changes, and in 
terms of trends for the future. A note of caution 
is sounded concerning blind acceptance of any 
one of these schemes as the complete solution 



368 PROCEEDINGS OF THE IRE March 

for present automatic production. But, at the 
same time, a note of confidence is voiced that 
out of these concepts of automation and semi-
automatic production, will soon come a phil-
osophy which will successfully marry automa-
tion techniques to the reliability requirements 
of even the intercontinental guided missile. 

SESSION XXXVIII 

WED. 2:30-5:00 P.M. 

WALDORF-ASTORIA 
SERT ROOM 

Broadcast and Television 
Receivers 

Chairman: EDWIN B. HASSLER, War-
wick Mfg. Corp., Chicago, Ill. 

• 

38.1 "A Developmental Pocket-
Size Broadcast Receiver Employ-
ing Transistors," by D. D. Holmes, 
T. O. Stanley, and L. A. Freedman, 
RCA Labs., Princeton, N. J. 

This paper describes a pocket-size develop-
mental AM broadcast receiver which utilizes 
eight junction transistors. Its performance is 
comparable to that of conventional personal 
receivers. Emphasis has been given to develop-
ments which contribute to stability with re-
spect to temperature, battery voltage, and 
variations among transistors. The superhetero-
dyne circuit employed uses a single-transistor 
frequency converter to perform the functions 
of both mixer and oscillator. Refined detector 
and automatic-gain-control circuits and an 
audio amplifier embodying further develop-
ment of the principle of complementary sym-
metry are incorporated. Reduction in physical 
size and battery requirement, as compared to 
conventional receivers, is substantial. 

The circuits are described in detail and 
certain aspects of components and of physical 
arrangement, which contribute to the small 
size, are discussed. Detailed performance data 
are also included. 

38.2 "Progress in Ferrite Compo-
nents for Television and Radio Re-
ceivers," by H. M. Schlicke, Allen-
Bradley Co., Milwaukee, Wis. 

The reported improvements in ferrite com-
ponents for television and radio receivers are 
based on better material, or on novel circuits, 
or on the utilization of normally unwanted 
properties. An example for each kind is given. 
A new high efficiency ferrite (W-02) per-

ceptibly out-performs all others for color tele-
vision flyback transformers. The half-cycle 
criterion is used to determine the optimum 
perameters of ferrites for this application. 
A simple small sized omnidirectional ferrite 

antenna circuit provides a possibility for inside 
automobile antennas and miniaturized aircraft 
antennas. 

Ferrite beads acting essentially as resistors 
for UHF only are incorporated in discoidal 
feed-through capacitors as integrated filter 
units. 

38.3 "What Price Horizontal Lin-
earity?," by Monte Burgett and John 

Tossberg, Philco Corp., Philadelphia, 
Pa. 

This paper will be a study of the factors 
affecting the linearity of horizontal deflection. 
The types of nonlinearity are classified accord-
ing to what part of the raster is affected and 
according to what circuit elements cause the 
nonlinearity. Statements are made of what 
changes in component parts and what addi-
tional parts are required to improve linearity. 
Estimates are made of the increased power 
drain and cost involved in these changes. The 
experimental techniques which were used in 
the study are explained. 

38.4 "A Compatible High Defini-
tion Monochrome Television Sys-
tem," by Pierre M. G. Toulon, and 
Francis T. Thompson, Westinghouse 
Research Labs., East Pittsburgh, Pa. 

A system for doubling the maximum num-
ber of horizontal and vertical picture elements 
of a televised scene is described. This system 
operates with conventional sweeps and is com-
patible with monochrome receivers. 

The additional picture definition is ob-
tained by making more efficient use of the 
available bandwidth. Redundancies between a 
given picture element in successive fields and 
between adjacent elements in a given field are 
measured at the transmitter, and this informa-
tion is transmitted to the receiver in a com-
patible manner. This information is used to 
determine whether the receiver will display 
conventional large-size picture elements on a 
short-persistence phosphor or small-size picture 
elements on a long-persistence phosphor. 

38.5 "Determination of the Opti-
mum Demodulation Angles in Color 
Receivers," by Stephen K. Altes, 
General Elec. Co., Syracuse, N. Y. 

A pair of demodulators can extract all the 
information from the color subcarrier signal. 
The only restriction on the output signal of a 
demodulator is that it should be zero for 
R= G= B, which represents reference white. 

With the aid of a graph, the expression for 
the output signal for a certain demodulation 
angle can be obtained the most conveniently. 
The graphical method for accomplishing the 
inverse operation is also possible. 

Detection circuits using angles other than 
the conventional R-Y and B-Y angles have 
advantages sometimes. 

Several circuits incorporating these prin-
ciples are analyzed. 

38.6 "A Color Projection Receiver," 
by W. F. Bailey and R. P. Burr, 
Hazeltine Corp., Little Neck, N. Y. 

This paper describes the results of an in-
vestigation of the use of projection displays 
for color television receivers. The display de-
scribed consists of three small picture tubes 
producing red, green, and blue images and the 
Schmidt optical systems which project the 
three images onto a viewing screen. A general 
discussion is given of the technical problems 
encountered in the investigation and the 
means by which these problems were solved. 
One of the major problems—maintenance of 
registry—is considered in some detail. Some 
comparisons are made of the performance of 
the projection display with respect to other 
color display devices. Circuit description is 
limited to those circuits which differ from nor-
mal practice in color television receivers. 

SESSION XXXIX 

WED. 2:30-5:00 P.M. 

KINGSBRIDGE ARMORY 
MARCONI HALL 

Circuit Theory III Filters 
and Lines 

Chairman: W ILLIAM H. HUGGINS, Johns 
Hopkins University, Baltimore, Md. 

• 

39.1 "A Method of Rational Func-
tion Approximation for Network 
Synthesis," by N. De Claris, Massa-
chusetts Institute of Technology, Cam-
bridge, Mass. 

A general method is developed for finding 
functions of a single complex variable s, which 
approximates an assigned network character-
istic, within the special class of functions 
realizable as networks of linear lumped 
parameter circuits. The method is based upon 
an interpolation technique with a series of 
general rational functions on the unit circle 
of the z-plane. A number of transformations 
that map the interval of interest of the s-plane 
into the unit circle of the z-plane are discussed. 
A great advantage of the method presented 

in this paper is that it allows preassigning, if so 
desired, the pole location of the desired ra-
tional function anywhere in the left half of the 
s-plane. In addition to this freedom, it also 
makes it possible to approximate on some con-
tour of the complex plane the function itself 
rather than its modulus. Indeed in some ap-
plications of electric circuits, one is interested 
in both magnitude and phase characteristics of 
a network in specified frequency interval. 

Following a former mathematical treat-
ment, procedures are outlined for three cases of 
approximation in frequency and time domain. 

39.2 "Input Capacitance of Max-
imally-Flat Filters," by John L. 
Stewart, University of Michigan, Ann 
Arbor, Mich. 

Low-pass lossless ladder filters, operating 
between different source and load resistances 
and adjusted to have an n-pole maximally-flat 
transfer function where n is the total number of 
inductors and capacitors in the filter, usually 
are built with a shunt capacitor as the element 
nearest the source and, if n is odd, also have a 
shunt capacitor adjacent to the load. These 
capacitances are evaluated for arbitrary n and 
source-to-load-resistance ratio using a method 
obtained from the Dariington synthesis pro-
cedure. Several formulas and useful curves are 
given. The relationship between the leading 
capacitance of the filter and the Bode limit is 
also demonstrated. Finally, it is shown that 
no mismatch is permitted if the maximum 
bandwidth-times-transmission-coefficient prod-
uct is desired. 

39.3 "Application of Time Series to 
the Calculation of the Transient Re-
sponse of Bandpass Systems," by 
C. J. Peters, Gulf Res. and Dey. Co., 
Pittsburgh, Pa., and J. B. Woodford, 
Carnegie Institute of Technology, 
Pittsburgh, Pa. 
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A method is developed for determining nu-
merically the response of a bandpass system to 
an arbitrary input, by use of a time series. The 
method is well suited to machine computation, 
and is an extension of low-pass time-series 
methods of others. Extreme complexity of the 
input, which can be either a time function or a 
time function modulating a carrier, is no dis-
advantage in using this method. As an example, 
the response of a spectrum analyzer is calcu-
lated for an input consisting of two sinusoidal 
signals of three different frequency separations 
for three different IF amplifier selectivities. 

39.4 "Maximizing the Bandpass 
Ratio in Impedance Transforming 
Filters," by D. H. Geipel, North 

American Aviation, Inc., Downey, 
Calif., and R. L. Bright, Westing-
house Elec. Corp., Pittsburgh, Pa. 

A lumped-element, four-terminal, imped-
ance-transforming network is synthesized by 
applying a necessary condition to the imped-
ance determinant of a system of mesh equa-
tions. The requirement for single band-pass 
operation is applied, and the relationships 
between bandwidth ratio and impedance trans-
formation ratio are determined. Formulas for 
the element values of different types of three 
mesh networks as functions of the impedance 
transformation ratio are developed. Also, ex-
perimental results are compared to theoretical 
response curves. 

39.5 "Miniaturized High-Impedance 
Magnetic-Core Delay Line," by 
H. W. Katz and R. E. Schultz, Gen-
eral Elec. Co., Syracuse, N. Y. 

The high permeability and high resistivity 
of the ferrites have long attracted their use 
to the miniaturization of high-frequency mag-
netic components. One among many such 
components is the distributed constant delay 
line. Since the time delay per unit length 
equals \FCC, large increases in the per unit 
length inductance by means of high permeabil-
ity cores would decrease the total length of line 
required for a given time delay. But the simple 
introduction of ferrites into standard lines does 
not seem to lead to satisfactory results. 

This paper will present an analysis of mag-
netic-core delay lines which will lead to the 
source of the poor high-frequency response 
which is normally obtained. The analysis also 
indicated what changes in the line configura-
tion must be made to extend the frequencies 
over which the time delay remains constant. 

Ferrite delay lines designed according to 
the procedures outlined in the analysis have 
been constructed and tested. Successful lines 
having a time delay of 0.2 its/in. and a charac-
teristic impedance of 6,000 ohms have been 
made. The useful frequency range has been ex-
tended to over 4 mc. In addition it has been 
found possible to vary the time delay electri-
cally without serious pulse distortion. The 
paper will conclude with a discussion of the 
experimental results to date and an indication 
of future development. 

SESSION XL 

WED. 2:30-5:00 P.M. 

KINGSBRIDGE ARMORY 
FARADAY HALL 

Antennas and Propagation IV 
Propagation 

Chairman: KENNETH A. NORTON, National 
Bureau of Standards, Boulder, Colo. 

• 

40.1 "Airborne Measurement of Ef-
fective Ground Conductivity at 
Low Frequency in Alaska," by 
Glenn M. Stanley and T. Neil, Uni-
versity of Alaska, College, Alaska. 

Airborne field strength measurements have 
been made over large sections of the Territory 
of Alaska in the frequency range of 203 to 407 
kc. Theoretical field strengths are computed 
after the methods presented by K. A. Norton 
for both a plane and spherical single-layered 
earth and the theoretical values are compared 
with experimental data to obtain the effective 
ground conductivity. A discussion of the 
method of analysis is presented, and a map of 
the effective conductivity of wide regions of the 
Territory is included. The effective conduc-
tivity is shown to be between 0.5 and 5 mmho/m 
over most sections of Alaska. 

40.2 "Atmospheric Attenuation of 
Microwave Radiation," by Gene R. 
Marner, Collins Radio Co., Cedar 
Rapids, Ia. 

Solar radiation at wavelengths of 8.7 mm 
and 1.9 cm has been monitored for several 
months at the Collins Feather Ridge Observa-
tory with two radio telescopes. The Collins 
Radio Sextant is utilized to position the two 
radio telescopes so that they continuously re-
ceive maximum solar power independent of 
atmospheric refraction. The decrease in re-
ceived power as the atmospheric path length 
increases at sunset is used to calculate the 
atmospheric attenuation constant. A statistical 
study of the daily values of attenuation con-
stants is presented, and the effect of several 
weather factors upon attenuation is discussed. 

40.3 "Back-Scattering from the Sea 
Surface," by Martin Katzin, Naval 
Research Lab., Washington, D. C. 

The available experimental data on back-
scattering from the sea surface ("sea clutter") 
are described, and discussed with reference to 
the physical processes involved. It is shown 
that the scattering elements of the surface are 
illuminated by a combination of direct and in-
direct fields, the latter being "reflected" (for-
ward-scattered) by surface elements closer to 
the radar. At low angles, these interfere de-
structively, giving rise to the so-called "critical 
angle," polarization dependence, "spikyness," 
and steeper frequency dependence. A theory is 
developed in which elemental scatterers are 
taken to be small patches or "facets" of sea sur-
face. It is shown to give characteristics in general 
agreement with available experimental data. 

40.4 "Measurements of Correlation, 
Height Gain, and Path Antenna 
Gain at 1,046 Megacycles on Spaced 
Antennas Far Beyond the Radio 
Horizon," by A. F. Barghausen, 
M. T. Decker, and L. J. Maloney, 
National Bureau of Standards, Boul-
der, Colo. 

Studies made and reported by the National 
Bureau of Standards in 1953 on the correlation 
of 1,046 mc radio fields on spaced antennas at 
distances far beyond the radio horizon are 
supplemented by more recent measurements. 
Data taken from three vertically spaced dipole 
antennas for longer periods of time allow cor-
relations of instantaneous fields to be deter-
mined for various fading rate conditions. 
Measurements were made on the National 
Bureau of Standards Cheyenne Mountain 
transmission path in Colorado and Kansas 
at a frequency of 1,046 mc, the receiving loca-
tion being at an angular distance of 27 milli-
radians (for standard atmosphere), i.e. ap-
proximately 150 miles beyond the transmitter 
radio horizon. In addition to the correlation of 
instantaneous fields, the correlation of hourly 
median fields and the diurnal variation of the 
received signal are shown. Simultaneous meas-
urements from a parabolic reflector antenna are 
used to indicate loss in gain relative to expected 
free-space gain of a large aperture array. 

40.5 "An Airborne Radar and Wave 
Propagation Laboratory," by David 
L. Ringwalt, Naval Research Lab., 
Washington, D. C. 

The Naval Research Laboratory has in-
strumented an R5D aircraft (Douglas DC-4) as 
an airborne radar and wave propagation labora-
tory. The installation includes four radar sys-
tems (with frequencies ranging roughly from 1 
to 10 kmc), associated radar recording and 
calibration apparatus, and an extensive 
meteorological instrumentation for measure-
ment of related atmospheric conditions. All 
radars operate synchronously from a central-
ized control. The antennas, along with trans-
mitter-receiver systems, allow transmission of 
vertical, horizontal, or circular polarization, 
with simultaneous reception of transmitted 
polarization and its orthogonal component. 

This aircraft is intended for investigations 
in two general fields, back-scattering (radar) 
and wave propagation. In the radar field, it 
may be used for the determination of the back-
scattering properties of individual targets or of 
area-extensive targets such as ground, sea, or 
precipitation. In the propagation field, it may 
be used as one terminal of a one-way trans-
mission link, such as in investigations of radio 
ducts and atmospheric scattering. 

SESSION XLI 

THUR. 10:00 A.M.-12:30 P.M. 

BELMONT-PLAZA 
MODERNE ROOM 

Medical Electronics I 
Panel Discussion 

Chairman: Orro H. SCHMITT, University of 
Minnesota, Minneapolis, Minn. 

• 

Panel Members: Stanley Briller, Bellevue 
Medical Center, New York, N. Y.; Coleman C. 
Johnston, Lexington, Ky.; Joseph Moldaver, 
Institute of Physical Medicine and Rehabili-
tation, New York, N. Y.; J. W. Buckla, Uni-
versity of Minnesota, Minneapolis, Minn.; 
Britton Chance, University of Pennsylvania, 
Philadelphia, Pa.; Hector F. Skifter, Airborne 
Instruments Lab., Inc., Mineola, N. Y.; Saul 
R. Gilford, Colson Corp., Elyria, Ohio. 
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A panel discussion on medical electronics 
has been planned with the hope of being able 
to answer several questions which have been 
raised concerning this rapidly developing field 
of science. 

The term, medical electronics, will be 
defined and its scope will be described. Doc-
tors of medicine and electronic engineers 
will be brought together for a lively and ex-
temporaneous discussion which will demon-
strate good teamwork and a breakdown of the 
supposed language barrier. A timely and in-
teresting problem will be presented to the 
members of the panel. An analysis of this prob-
lem will be made and likely solutions will be 
suggested. The value of the assumed results 
will be emphasized. 

SESSION XLII 

THUR. 10:00 A.M.-12:30 P.M. 

WALDORF-ASTORLt 
STARLIGHT ROOF 

Information Theory II 

Chairman: THOMAS P. CHEATHAM, 

Mel par, Inc., Watertown, Mass. 

• 

42.1 "Time-Varying Filters for 
Nonstationary Signals on a Finite 
Interval," by Arnold H. Koschmann, 
Univ. of Minn., Minneapolis, Minn. 

The concepts of signal space are applied to 
the problem of determining the optimum 
linear filter for a nonstationary signal which is 
known on the time interval (0, T). The output 
of the filter at time T can be expressed as the 
weighted sum of the Fourier coefficients of the 
input defined with respect to a suitable set of 
orthogonal functions. For a fixed value of T 
this sum can be interpreted as the convolution 
of the input with the impulse response of a 
fixed network. As T is varied, a set of impulse 
responses is obtained. Relationship between this 
set of impulse responses and impulse response 
of a time-varying linear system is shown. 

42.2 "Analysis of Linear Systems 
with Randomly Varying Inputs and 
Parameters," by A. Rosenbloom and 
J. Heilfron, The Ramo-Wooldridge 
Corp., Los Angeles, Calif., and D. L. 
Trautman, Hughes Aircraft Co., 
Culver City, Calif. 

This paper begins with a brief discussion 
of the historical progression of analyses of linear 
system behavior from fixed parameters and 
deterministic (completely known) signals to 
randomly varying parameters and signals. 
Major attention is then focussed on some of the 
newer techniques and latest results, due to the 
authors and others, applicable to (a) random 
inputs (not necessarily Gaussian) to fixed sys-
tems, and (b) deterministic inputs to randomly 
varying systems. In both of these cases the out-
puts are random processes which can be de-
scribed by moments or more completely by 
probability distributions. Both modes of de-
scription are discussed. 

42.3 "Detection of Coherent and 
Noncoherent Pulsed Signals," by 
R. F. Drenick, S. Gartenhaus, and 
P. Nesbeda, RCA- Victor Division, 
Camden, N. J. 

The use of statistical methods in the theory 
of detection of pulse signals in noise has been 
very fruitful. Certain rules for optimum de-
tection have been derived by various authors 
for the video as well as the IF portion of the 
receiver. This paper discusses the optimum de-
tection procedure in the IF portion of the re-
ceiver. It extends previous work in that the 
cases of coherent and noncoherent detection 
of a signal of unknown frequency are con-
sidered. The problems are formulated statisti-
cally as a composite hypothesis problem and 
solved by Wald's decision function theory. The 
optimum (minimax) decision rules for the 
above cases are derived and illustrative 
mechanizations which suggest themselves in 
each case are described. 

42.4 "The Linear Filtering of Sam-
pled Data," by Gene Franklin, Co-
lumbia University, New York, N. Y. 

The following is an application of least-
squares filtering theory to situations where a 
time-stationary random message and additive 
noise are sampled before being filtered. Such a 
situation might possibly occur with a pulsed 
radar or data link or in a system where an in-
strument measures only samples. The transfer 
function of the filter obtained from this appli-
cation of the theory is usually a product of two 
terms, one of them rational in s and the other 
rational in ear, where s is the complex frequency 
and T is the sampling period. The first term is 
obviously a network of lumped R, L, and C 
elements while the second term has the form 
of a linear program on a digital computer. 

SESSION XLIII 

THUR. 10:00 A.M.-12:30 P.M. 

WALDORF-ASTORIA 
ASTOR GALLERY 

Electron Devices III Cathode-
Ray Type Tubes 

Chairman: RUSSELL R. LAW, CBS-Hytron, 
Danvers, Mass. 

• 

43.1 "A Time-Sampling and Am-
plitude-Quantizing Tube," by R. P. 
Stone, C. W. Mueller, and W. M. 
Webster, RCA Labs., Princeton, N. J. 

The possibility of a saving of bandwidth— 
or of transmitting additional information in a 
given bandwidth—by means of amplitude 
quantizing and time sampling has recently been 
realized. 

Beam-deflection type tubes were success-
fully built and tested, which perform these 
functions. They will change a continuous signal 
into a quantized signal having six discrete am-
plitude levels, and simultaneously sample as 
often as ten million times per second. A residue 
signal is also generated. 

Two types of output structure have been 
used, both of which permit the external adjust-
ment of the output amplitude levels. The tube 
operates with an anode voltage of 300 volts. 
The stability of operation is such that after 
initial setup no critical operating conditions or 
adjustments are involved. 

43.2 "Cathode-Ray Tube with Sin-
gle Step Intensifier," by Jenny E. 
Rosenthal, A. B. Du Mont Labs., 
Passaic, N. J. 

A study is presented of a single-step in-
tensifier for cathode-ray tubes. Various designs 
are investigated to test the premise that the 
electron lens constituted by the second anode 
and the intensifier should be a thin lens type 
to minimize distortions of the barrel or pin-
cushion type. Field plots are given showing the 
fields corresponding to various electrode shapes, 
such as the truncated cone, suggested by 
standard electron lenses. Data are given on 
experimental tubes and compared with results 
obtained from field plots. 

43.3 "An Electrostatic Shutter Im-
age Converter Tube," by B. R. Lin-
den and P. A. Snell, A. B. Du Mont 
Labs., Inc., Passaic, N. J. 

The simple electrostatic image converter 
proposed by Schagen, et al. has been modified 
by the insertion of a mesh between cathode and 
anode to allow pulsing the tube. Design equa-
tions have been derived which will allow con-
struction of the tube for any desired set of geo-
metrical and electrical parameters. Tubes have 
been constructed which may be pulsed on and 
off with a 165 volt pulse for 10,000 volts be-
tween cathode and anode. With modifications 
in the geometrical parameters it is possible to 
construct a tube which may be pulsed on and 
off with as low as a 10 volt pulse for 10,000 
volts between cathode and anode. The resolu-
tion of the displays obtained so far on this 
type of image converter is about 700 television 
lines over a 4-inch diameter circle. The photo-
cathode sensitivity lies in the range of 30 to 60 
µA/lumen to a light source at a color tempera-
ture of 2,870 degrees K. 

43.4 "A New High Efficiency Paral-
lax Mask Color Tube," by M. E. 
Amdursky, R. G. Pohl, and C. S. 
Szegho, Rauland Corp., Chicago, Ill. 

Electron transmission through parallax 
masks of current tri-color tubes is no more than 
12 per cent with a consequent low picture 
brightness. A new tube is described employing 
a parallax mask at a potential intermediate to 
that of the screen and a collector mesh main-
tained at anode potential. Not only is the 
brightness of such a tube increased 3-4 fold by 
virtue of enlarged mesh holes and the ensuing 
post-deflection focusing, but secondary emis-
sion from the mask, which would dilute color, 
is minimized. In contrast to other post-
accelerating tubes, mask holes and fluorescent 
screen dots are uniformly spaced over the en-
tire area. Nineteen-inch round and twenty-
four-inch rectangular tubes incorporating the 
new principle have been built. 

43.5 "The Tricolor Vidicon— an Ex-
perimental Camera Tube for Color 
Television," by P. K. Weimer, S. 
Gray, H. Borkan, S. A. Ochs, and 
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H. C. Thompson, RCA Labs., Prince-
ton, N. J. 

A television camera tube capable of generat-
ing three simultaneous color signals is now 
being developed. The experimental Tricolor 
Vidicon to be described is comparable in size 
to a standard monochrome Image Orthicon 
and has separate output terminals for each 
color channel. Color filter strips with as-
sociated conducting signal strips are built into 
a photoconductive target. All signal strips 
corresponding to the same primary color are 
connected to a common output terminal. 
Special preamplifiers have been developed to 
obtain independent color signals in the pres-
ence of the high interstrip capacity of the 
target. Color fidelity independent of the 
scanning process is obtained with a single elec-
tron beam. 

SESSION XLIV 

THUR. 10:00 A.M.-12:30 P.M. 

WALDORF-ASTORIA 
JADE ROOM 

Component Part I Electro-
Magnetic Devices 

Chairman: REUBEN LEE, Westinghouse Elec. 
Corp., Baltimore, Md. 

• 

44.1 "Blocking Oscillator Trans-
former Design," by P. R. Gillette, 
K. W. Henderson and K. Oshima, 
Stanford Research Institute, Stan-
ford, Calif. 

An important step in the design of a block-
ing oscillator circuit is the determination of the 
coupling capacitance and transformer charac-
teristics necessary to produce the desired out-
put pulse. The nonlinear behavior of the tube 
characteristics cannot be taken into account by 
most methods that have been suggested for 
use in analyzing blocking oscillator circuits, but 
a step-by-step method has been developed 
which gives reasonably accurate predictions of 
output pulse shape. This method has been used 
in the calculation of the coupling capacitance 
and transformer turns ratio, open-circuit in-
ductance, leakage inductance, and distributed 
capacitance required to produce an output 
pulse of optimum shape, maximum amplitude, 
and specified rise time and duration. 

44.2 "Improvements in Pulse-
Switching Reactor Design," by R. A. 
Mathias and E. M. Williams, Car-
negie Institute of Technology, Pitts-
burgh, Pa. 

Design equations are derived for quantity 
of core material and distribution of core mate-
rial, copper in windings, and capacitors in Mel-
ville-line pulse-generating systems for micro-
second and fractional microsecond service. 
Experimental tests described yield excellent 
agreement with predicted results. Examples of 

designs for particular high-power pulsing ap-
plications are also described. 

44.3 "Magnetostriction Resonators 
as Circuit Elements," by R. T. 
Adams, Federal Telecommunication 
Labs., Nutley, N. J. 

A compact magnetostriction rod resonator 
is described, applicable to a number of tone 
generator and filter circuits for carrier tele-
phone and telemetering systems. The unit has 
properties of a single resonant circuit with in-
dependent input and output coupling. Fre-
quency stability is ± 2 ppm per degree C, with 
typical Q's of 3,000 to 4,000 at 24 kc. 

In addition to conventional applications as 
a "single-frequency" filter or as a frequency de-
termining element, analagous to a quartz 
crystal, by suitable adjustment of magnetic 
bias, the resonator can be made to respond to 
sum and difference frequencies in the input 
and/or output circuit. A single rod can thus be 
used as a filter-modulator, as a modulator-
filter, or as a complete heterodyne-tuned filter 
(modulator-filter-demodulator) tunable by 
means of an external local oscillator signal sup-
plied to input and output. Efficient frequency 
doubling can also be performed by the element. 

44.4 "Wide-Range Electrically Tun-
able Oscillators," by John L. Stewart 
and Kermit S. Watkins, University of 
Michigan, Ann Arbor, Mich. 

This paper describes several recently ex-
plored low-level electronically tunable oscilla-
tors which illustrate techniques using con-
ventional components and tubes for achieving 
rapid electrical tuning over relatively wide fre-
quency ranges. The mechanism by which 
voltage (or current) control of frequency is 
achieved for each of the oscillators is described 
with particular attention being given to a most 
promising technique defined as parallel-net-
work tuning. Typical circuitry as well as ex-
perimental curves relating output voltage and 
frequency as functions of the control voltage 
for the tunable oscillators are presented and 
practical limitations regarding gain, band-
width, and component requirements are dis-
cussed. 

44.5 "Fluorochemical Liquid and 
Gases as Transformer Design Pa-
rameters," by L. F. Kilham, Jr. and 
R. R. Ursch, Raytheon Mfg. Co., 
Waltham, Mass. 

Liquid and gaseous fluorochemicals were 
applied with considerable success to the design 
of high temperature (Class H) transformers. 
We found these materials approximately equal 
in dielectric strength and power factor to 100 
attics, silicone oil, and "self-healing." Being 
chemically inert two or more of these liquids 
may be mixed to give a "tailor-made" dielec-
tric-coolant. It is shown that such a liquid may 
be designed for maximum heat transfer for a 
specified condition of temperature and pres-
sure. 

Techniques using these dielectric-coolants 
are detailed and were used to redesign three 
specific Class "A" R.M. Co. transformers. 
Savings in size and weight by the redesigns are 
considerable. A magnetron filament trans-
former was reduced greater than 4 to 1 by 
volume. 

SESSION XLV 

THUR. 10:00 A.M .-12:30 P.M. 

WALDORF-ASTORIA 
SERT ROOM 

Nuclear Science I 

Chairman: JERomE D. LUNTZ, McGraw-Hill 
Publishing Co., New York, N. Y. 

• 

45.1 "A Study of a Variable Fre-
quency Cyclotron Resonant Sys-
tem," by M. R. Donaldson, R. E. 
Worsham, and N. F. Ziegler, Oak 
Ridge National Lab., Oak Ridge, 
Tenn. 

To accelerate several different particles in a 
cyclotron, the ratio of the frequency of the 
electric field to the magnitude of the magnetic 
field must be adjustable to the value required 
for each particle. In this paper a cyclotron de-
sign is considered which would allow operation 
at a number of discrete frequencies in the 5.5 
to 8.6 megacycle range. 

Data are presented showing the effect of 
the physically large variable capacitor upon 
voltage standing wave, Q, and tuning range. 
The data have been obtained by making meas-
urements before and after the installation of 
the parallel plate capacitors. The results indi-
cate that the variable frequency feature is ob-
tained at the expense of Q and voltage gain of 
the dee stems. 

45.2 "Bevatron Operation," by 
Dick A. Mack, University of Cali-
fornia, Berkeley, Calif. 

Particle accelerators in the billion electron-
volt field have substantially extended the range 
of nuclear research in providing a better under-
standing of the interactions between high-
energy particles. The Bevatron, a proton syn-
chrotron at the University of California Radia-
tion Laboratory, was placed in operation in 
February 1954. Since that time numerous 
tests and engineering changes have improved 
the continuity of operation and the uniformity 
of accelerated beam pulses. Recently a beam of 
3X10' protons per pulse has been accelerated 
to the design energy of 6.3 billion electron-
volts (Bev). Refinements in preventive main-
tenance are in progress to improve the useful-
ness of the Bevatron as a physics research 
tool. 

45.3 "A 100-Channel Pulse-Height 
Analyzer Using Magnetic Core Stor-
age," by Preston W. Byington and 
C. Wilkin Johnstone, Los Alamos 
Scientific Lab., Los Alamos, N. M. 

The growing complexity of nuclear experi-
ments often makes the use of a 100-channel 
pulse-height analyzer highly desirable in order 
to speed up the taking of data without sacrific-
ing accuracy or resolution. The analyzer to be 
described uses a linear pulse height to time con-
version to achieve equal channel widths. The 
complete equipment may be subdivided into 
three groups by function: the pulse-amplitude 
analyzer, the memory or storage, and the 
readout. 
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This paper will be concerned chiefly with 
storage and readout techniques, but will in-
clude a brief discussion of analyzer circuits and 
performance. 

45.4 "One Hundred-Channel Serial 
Memory Pulse-Height Analyzer," 
by T. L. Emmer, Oak Ridge Na-
tional Lab., Oak Ridge, Tenn. 

When a pulse-height analyzer having in the 
order of 100 channels is under consideration, 
the problems of interchannel drift and an 
economical, trouble-free memory unit for 
storing pulse-height information are immedi-
ately apparent. In the conventional voltage-
discriminator type of analyzer, the pulse-
height spectrum is divided into channels by a 
series of biased trigger circuits. Thus any drift 
in the grid-to-cathode potential of the triggers 
will cause interchannel drift. Also, each trigger 
is followed by a series of scalers and a mechani-
cal register to store the pulse-height informa-
tion. For 100 channels then, this type of storage 
system is both troublesome and expensive. 

In an effort to eliminate these problems, a 
100-channel analyzer was designed by G. W. 
Hutchinson and G. G. Scarrott of Cavendish 
Laboratories, Cambridge University. Their 
analyzer employs a mercury delay-line memory 
unit and a voltage-to-time discriminator. 

Information will be given on a second 
model of this type. This model will incorporate 
many new features such as a quartz delay line, 
120 channels with six times the storage capac-
ity, shorter dead time, better provisions for 
coincidence counting, brightening of every 
tenth channel in the display, and provisions 
for an automatic print-out. 

45.5 "Nuclear Reactor Control Sys-
tems Utilizing Solid-State Devices," 
by Stephen F. Malaker and Edward 
Rathje, Daystrom Instrument Co., 
Archbald, Pa. 

The current trend toward industrial par-
ticipation in the nuclear reactor program with 
its ultimate goal being economical and com-
petitive production of power has given im-
petus to the science of control of nuclear power 
plants. As a consequence, considerable em-
phasis must be placed upon the design of con-
trol instrumentation, since, among other fac-
tors, proximity to population centers dictates 
that, divorced from proper functioning, com-
plete reliability must be an inherent charac-
teristic of any system. 

Reliability and rugged long-life features are 
attributes peculiar to solid-state devices. Re-
cent developments in components and their 
application in control systems have become 
widespread. Among the solid-state devices used 
are thermocouples, rectifiers, transistors, mag-
netic amplifiers, nonlinear dielectric elements 
and various combinations of these elements. 

The criteria for selecting optimum operat-
ing points, dynamic ranges, and specific char-
acteristics will be discussed with emphasis on 
applications of the diverse solid-state devices to 
nuclear circuitry, and more specifically to 
reactor control systems. 

45.6 "A New Frequency-Modula-
tion System for the UCRL 184-Inch 
Cyclotron," by Quentin A. Kerns, 
University of California, Berkeley, 
Calif. 

A modification is planned for the Berkeley 
184-inch cyclotron to achieve particle energies 
commensurate with magnet size. Added mag-
net coils will raise the flux density to 23 kilo-
gauss and permit the acceleration of protons 
and deuterons, for example, to energies of 705 
and 435 Mev respectively. The higher particle 
energies however, necessitate greater fre-
quency range (35 to 19 mc for protons, and 
17.5 to 13.5 mc for dueterons), while the 
shorter magnet gap effectively increases the rf 
energy storage to about one joule. It appeared 
that these rf specifications precluded the use of 
the usual rotating capacitor. 

SESSION XLVI 

THUR. 10:00 A.M.-12:00 Noon 

WALDORF-ASTORIA 
GRAND BALLROOM 

Engineering Management II 
General 

Chairman: JOHN F. BYRNE, Motorola, 
Inc., Riverside, Calif. 

• 

46.1 "Cost Considerations in Auto-
matic Production," by E. Finley 
Carter, Stanford Research Institute, 
Stanford, Calif. 

New types of automatic production equip-
ment for the electronics manufacturing in-
dustry are being developed and installed. 
Management must decide if the disadvantages 
of investing capital in new equipment will be 
offset by such advantages as lower operating 
cost and higher-value product. The important 
cost factors which management must consider 
are discussed. The results of a typical cost 
analysis are reported. Conclusions drawn from 
this analysis in regard to production volume, 
operating costs, and capital investment re-
quirements are discussed. 

46.2 "Personal Responsibilities of the 
Professional Engineer," by D. J. Sim-
mons, Convair, Ft. Worth, Texas. 

Available engineering manpower can be 
more effective and each engineer's oppor-
tunities for advancement can be increased by 
recognition and observance of the professional 
responsibilities of the individual engineer. 

Each engineer has responsibilities which he 
owes to himself, his associates, his supervisor, 
and his company. If he is a supervisor, he also 
owes certain responsibilities to those working 
under his direction. This paper describes these 
responsibilities. 

Each engineer must realize that the primary 
responsibility for his development and ad-
vancement rests entirely upon himself. He 
must be competent, know how to organize and 
carry out assignments, and continually develop 
his abilities. 

To his associates, the engineer owes har-
monious relations, loyalty, team work, and 
co-operation. 

Observance by the individual engineer of 

his personal responsibilities will increase his 
value, effectiveness, and professional stature. 

46.3 "The Management of Basic 
Research," by T. M. Linville, Gen-
eral Elec. Co., Schnectady, N. Y. 

This paper will describe the objectives and 
plans of the research that seeks to extend the 
understanding of materials and forces in na-
ture. It will describe what can be accomplished 
with people, facilities, money, and other re-
sources. 

It will tell how the work and resources can 
be organized to carry out the objectives and 
plans; how the resources are to be utilized. 

Most importantly, it will tell how the work 
is done, how it is directed, what stimulates it, 
what relationships give it strength, and what 
some of the key human factors are. 

It will describe how the work can be evalu-
ated, how it is brought to practical use, and 
how continual evaluation controls the direction 
of it. 

In addition, it will show how a research 
laboratory that is focused on finding basic 
discoveries that widen business horizons and 
lead to higher living standards can, at the same 
time, provide staff services to industrial opera-
tions and can also provide an extraordinarily 
valuable "doctor in the house." 

46.4 "The Organization and Man-
agement of Engineering in a Small 
Company," by Roderick M. Scott, 
Perkin and Elmer, Norwalk, Conn. 

The Perkin-Elmer Corporation is a small 
corporation by definition for it employs at this 
moment less than 500 people. It does not in-
tend to remain at its present size, however, for 
it is a growth organization in every sense. This 
concept of growth has had a profound influence 
on the organization of its engineering function. 

The group designated as the Engineering 
Department consists of forty-five trained 
scientists and engineers; design, drafting and 
Model Shop personnel to a total of about 115. 
The Quality Control and Plant Engineering 
sections, about thirty more, are also a part of 
our engineering function. Of the many separate 
problems of management in a group of this 
description I would like to discuss three in some 
detail: first, the relative emphasis and control 
of research and development under direct con-
tract and that for the support and growth of 
the èorporate manufactured product; second, 
the role of the project engineer and his place in 
our organization; and third, the mechanism 
of establishing compensation for engineering 
personnel. 

SESSION XLVII 

THUR. 10:00 A.IVL-12:30 P.M. 

KINGSBRIDGE ARMORY 
MARCONI HALL 

Microwave Theory and Tech-
niques III Ferrites 

Chairman: TORE N. ANDERSON, Air 
Iron, Inc., Linden, N. J. 
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47.1 "Behavior of Ferroxdure at 
Microwave Frequencies," by Max 
T. Weiss, Bell Tel. Labs., Holmdel, 
N. J. 

Ferroxdure is a ceramic permanent mag-
netic material with high anisotropy and has a 
hexagonal crystal structure. Ferromagnetic 
resonance experiments have been performed on 
both oriented and unoriented Ferroxdure at 
various microwave frequencies from 9,000 mc 
to 72,000 mc. With no externally applied mag-
netic field a natural resonance occurs near 
50,000 mc. With magnetic field applied per-
pendicular to the hexagonal axis a double 
resonance occurs for frequencies below 50,000 
mc, while with a field applied along the 
hexagonal axis a single resonance occurs above 
50,000 mc. A theory is developed to explain the 
above results. Significance of these results to 
the application of Ferroxdure to nonrecipiocal 
microwave circuits will be discussed. 

47.2 "Some Applications and Char-
acteristics of Ferrite at Wavelengths 
of 0.87 CMS and 1.9 CMS," by 
Clyde Stewart, Collins Radio Co., 
Cedar Rapids, Iowa. 

This paper describes the use of ferrites in 
waveguide to produce Faraday rotations at 
0.87 cm and 1.9 cm wavelengths. The Dicke 
radiometric receiver is briefly reviewed and 
its improvement by the use of ferrite waveguide 
components is discussed. Experimental equip-
ment to measure the Faraday rotations con-
sists of a cylindrical section of waveguide, con-
taining ferrite, placed between two transitions 
from rectangular to circular waveguide. Power 
from a klystron is applied to the rectangular 
waveguide and passes through into the circular 
waveguide. The circular waveguide containing 
the ferrite is provided with a controllable axial 
magnetic field which produces a Faraday rota-
tion. The angle of rotation can be measured by 
rotating the output transition while monitoring 
the power output. Details are given for the con-
struction of a waveguide unidirectional trans-
mission line for 0.87 cm wavelength. 

47.3 "Microwave Devices Using 
Ferrite and Transverse Magnetic 
Field," by Jorgen P. Vinding, Los 
Gatos, Calif. 

This paper gives a survey of a new class of 
ferrite devices which have a magnetic field ap-
plied transverse to the direction of propaga-
tion. Within this class three groups of devices 
are distinguished: phaseshifters, unidirectional 
transmission lines, and attenuators. 

For each of these the basic principles are 
briefly discussed and certain design problems 
are mentioned together with the solutions 
adopted in particular designs. It is mentioned 
that other solutions and better results will be 
possible when better ferrite materials become 
available. 

Among the phaseshifters special attention 
is given to the single-sideband-modulator and 
among the unidirectional transmission lines a 
broadband type is discussed in some detail. 

47.4 "Broadband Ferrite Charac-
teristics," by Murray B. Loss, Sper-
ry Gyroscope Co., Great Neck, N. Y. 

By using two suitably chosen ferrite rods 
in series in circular waveguide with the mag-
netic field on one ferrite applied in the opposite 

direction to that on the other, the frequency 
sensitivity of Faraday rotation of the combina-
tion can be made flat over a large frequency 
range by the automatic cancellation of the fre-
quency sensitivities of the individual ferrites. 

47.5 "Measurement of Microwave 
Electric and Magnetic Susceptibili-
ties of Ferrite Spheres," by E. G. 
Spencer, R. C. LeCraw, and F. Reg-
gia, Diamond Ordnance Fuze Labs., 
Washington, D. C. 

Resonant cavity methods are described for 
measuring electric and magnetic susceptibilities 
of spheres of experimental ferrites of about one 
millimeter diameter. The Bethe-Schwinger 
perturbation techniques are used to derive the 
equations for the susceptibilities in terms of the 
real and imaginary parts of the frequency 
shift which are measurable quantities. For a 
sample placed in the cavity in the position of 
maximum electric and zero magnetic field, the 
electric susceptibility is obtained while the 
converse holds for the magnetic susceptibility. 
The individual components of the tensor 
permeability are obtained by measurements 
using alternately positive and negative cir-
cularly polarized waves in the cavity. Data are 
presented on a magnesium-manganese ferrite 
to illustrate the techniques described. 

SESSION XLVIII 

THUR. 10:00 A.M.-12:30 P.M. 

KINGSBRIDGE ARMORY 
FARADAY HALL 

Electronic Computers III 

Chairman: RALPH E. M EAGHER, University 
of Illinois, Urbana, Ill. 

• 

48.1 "The Typotron—A Novel 
Character-Display Storage Tube," 
by H. M. Smith, Hughes Aircraft 
Corp., Culver City, Calif. 

This report describes the Typotron tube, a 
novel character writing storage tube, developed 
by the Electron Tube Laboratory of the 
Hughes Aircraft Company for the Lincoln 
Laboratory at M.I.T. This tube will display 
any one or any combination of the 63 charac-
ters available on the character matrix in-
corporated in the writing gun. The characters 
can be written in less than 50 microseconds, 
displayed indefinitely until erased at bright-
ness up to a few hundred foot-lamberts. The 
methods used for character formation, selec-
tion, deflection, and display are outlined. In-
cluded are schematic diagrams of the Typotron 
tube and photographs of its essential com-
ponents and of completed tubes. 

48.2 "Electrographic Recording," 
by Herman Epstein and Frank T. 
Innes, Burroughs Corp., Paoli, Pa. 

Some of the properties and possible applica-
tions of a new recording technique known as 
Electrographic Recording include the fact that 

it is a high-speed technique by which a mark 
may be put on paper in a duration as small as 
one microsecond and printed characters, 
formed from a 5 X 7 matrix, may be recorded at 
rates exceeding 5,000 characters per second; for 
instance, recording rates at hundreds of inches 
per second of paper strip are potentially possi-
ble. 

The only motion involved in the technique 
is the continuously moving paper under the 
printing head; there are no moving stylii or the 
like. Further, the system is basically low in cost 
and consumes very little power; the power nec-
essary to print 5,000 characters per second, 
serially, requires about 5 watts in addition to 
that necessary to move the paper. 

The system is quiet—essentially the only 
noise is caused by the moving paper. The print-
ing technique does not involve any messy, wet, 
or damp processes. 

Permanent recording, with no fading, is 
achieved. No wear of electrodes, or the like, is 
involved. 

In short, this technique offers dry, high-
speed, low-cost, low-power, and quiet recording 
capabilities. 

48.3 "Surface-Barrier Transistor 
Computer Circuits," by Ralph H. 
Beter, William E. Bradley, and 
Ralph B. Brown, Philco Corp., Phil-
adelphia, Pa., and Morris Rubinoff, 
University of Pennsylvania, Pa. 

The proper use of transistors in computers 
involves a realization of their special inherent 
characteristics. Basic computer circuits will be 
described; that is, flip-flops, multivibrators, and 
OR and AND gates which result in a minimum 
number of total components. 

48.4 "Semi-Conductor Diode Am-
plifier Considerations," by Henry W. 
Kaufmann, Remington-Rand Inc., 
Philadelphia, Pa. 

The delay in recovery of back resistance 
after forward conduction, a phenomenon widely 
observed in semi-conductor diodes, affords a 
means of controlling charge at low potential 
and then using it through a large potential dif-
ference. This has been proposed as a means of 
amplification. Some observations of the relation 
between forward charge and reverse charge, as 
functions of time, are reported for samples of 
commercially available diodes; the significance 
of these to diode amplification is discussed. 

48.5 "An Electronic Circuit for the 
Generation of Functions of Several 
Variables," by Hans F. Meissinger, 
Reeves Instrument Corp., New York, 
N. Y. 

Arbitrary functions of two independent 
variables may be generated electronically by 
means of diode networks by extending a meth-
od commonly used for approximating functions 
of a single variable. Two variable voltages, x 
and y, are inserted into the diode network 
rather than one variable, x, and a fixed bias. 
This has the effect of making the output of the 
circuit depend on y as well as on x. The method 
can be further extended to functions of more 
than two independent variables. 

This article contains a discussion of a sys-
tematic design procedure for the function gen-
erator and indicates the classes of functions to 
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which the method is applicable. Illustrative 
examples of such functions are given. Certain 
other functions not in this category may be re-
duced to a suitable form by a preliminary 
transformation. 

The new method eliminates many of the 
difficulties encountered in representing func-
tions of several variables on electronic analog 
computers. It offers the advantages of high 
speed operation, flexibility, and low cost, com-
pared with the methods heretofore in use. The 
accuracy depends to a large extent on the 
number of diodes used in the network, and is 
comparable to that obtained from other func-
tion generators employing a bilinear interpola-
tion scheme. 

SESSION XLIX 

THURS. 2:30-5:00 P.M. 

BELMONT-PLAZA 
MODERNE ROOM 

Medical Electronics II General 

Chairman: L. H. M ONTGOMERY, Vanderbilt 
University, Nashville, Tenn. 

• 

49.1 "New Linear Electron Accele-
rators for Radiotherapy," by John C. 
Nygard and M. G. Kelliher, High 
Voltage Engrg. Corp., Cambridge, 
Mass. 

The microwave linear accelerator for the 
?roduction of intense high-energy electron 
beams is for the first time now available for 
general use. Two accelerators with electron 
energies of 6 and 50 mev will be discussed. The 
50-mev electron beam will be utilized directly 
for cancer therapy, whereas the 6-mev electron 
beam may be utilized either for the direct 
sterilization of biological materials or for the 
production of X-rays for cancer therapy. The 
general problem of beam and/or patient ma-
neuverability for use in a therapy program, and 
some aspects of simplified control system re-
quirements will be discussed. 

49.2 "Cineradiography," by Earl R. 
Miller, Eldon Nickel, and Lee B. 
Lusted, University of California Medi-
cal School, San Francisco, Calif. 

The need for cineradiographic equipment is 
discussed. 

The cineradiographic equipment in the De-
partment of Radiology, University of Cali-
fornia School of Medicine, San Francisco, is 
presented. 

The equipment consists of two separate 
camera units connected to a single X-ray gener-
ator. 

(a) A 35-mm camera with F0.75 lens and 
associated control circuits, a Westinghouse 
Super Dynamax X-ray tube capable of 120KV 
operation. 

(b) A 16-mm camera with F0.85 lens, 
Philips Image Amplifier and Westinghouse 
Dynamax 41 X-ray tube. 

Each camera unit is connected to the X-ray 
high voltage by selsyn motors. Film speeds of 

31, 71, 15, 30, and 60 frames a second are 
available. 

49.3 "The Use of U-V Microspec-
trophotographic and Phase and U-V 
Television Densitometry Tech-
niques in Medical Research," by 
Philip 0' B. Montgomery, South-
western Medical School, Dallas, 
Texas 

The use of microepectrophotographic densi-
tometry techniques in living and nonliving bio-
logic systems with the principal emphasis upon 
medical research will be illustrated by means of 
lantern elides of the necessary equipment and 
the results obtained by the study of arteriolar 
disease in hypertension and collagen in cancer 
of the skin. 

The use of ultraviolet and phase television, 
and microspectroscopy and densitometry will 
be considered from the point of view of research 
in biologic fields related to normal and abnor-
mal growth. The equipment necessary will be 
illustrated by means of lantern slides, and pre-
liminary data and projects will be outlined with 
a consideration of projected general applica-
tions in medical research. 

49.4 "Application of the Television 
Ultraviolet Microscope to the Di-
rect Visualization of Cytological 
Absorption Characteristics," by 
George Z. Williams, National Insti-
tutes of Health, Bethesda, Md. 

The ultraviolet absorption characteristics 
of Intact living cells are directly visualized on 
the television screen by the application of in-
dustrial television components to the ultra-
violet microscope and the use of a specially de-
veloped RCA ultraviolet sensitive camera tube. 
A single line of the cathode-ray picture tube is 
analyzed by inserting a suitable oscilloscope 
into the cathode-ray circuit, thus depicting the 
relative degrees of absorption of the ultraviolet 
wavelength by the cellular material. Rapid 
photographic records of selected cells may be 
simply made. 

49.5 "Some Applications of Scan-
ning Techniques in Instrumenta-
tion," by C. Berkley and H. P. 
Mansberg, Allen B. DuMont Labs., 
Inc., Clifton, N. J. 

The human may be considered as a data-
processing machine supplied with information 
from transducers of pressure, smell, taste, light, 
etc., and it is shown that the visual transducer 
has certain advantages in information handling 
capabilities. Any information in a visual field 
can be converted to electronic form by scan-
ning. The resultant waveshape then contains 
all the information observable visually. Com-
puters can be designed to extract and use this 
information at a much faster rate than the hu-
man. Considerable ingenuity is often required 
in the information extraction. Some specific ap-
plications illustrating typical problems en-
countered in this process are considered and 
described, including field scanning and plotting, 
and optical scanning. 

SESSION L 

THURS. 2:30-5:00 P.M. 

WALDORF-ASTORIA 
STARLIGHT ROOF 

Engineering Management III 
Symposium 

Management Selection as Viewed 
by Psychologists and Engineering 

Executives 

Chairman: ROBERT D. LOKEN, Life 
Magazine, New York, N. Y. 

• 

The selection of management personnel in 
engineering presents a combination of prob-
lems which are unique in the management 
field. Individually, these problems are ap-
proached in several ways. 

Psychologists have shown increasing skill in 
identifying basic traits and abilities. This has 
led to testing procedures for personnel evalua-
tion. 

As various patterns have emerged, exten-
sion to managerial areas has followed, and been 
highly relied upon by some executives. Con-
versely, countless people in management have 
reached their positions without psychological 
evaluation, and they do not rely on these meth-
ods for purposes of promotion. 

This symposium will explore various ap-
proaches to the above problems by psycholo-
gists and engineering executives. 

50.1 "Selection of Technical Man-
agers as Viewed by a Personnel 
Psychologist," by A. P. Johnson, 
Educational Testing Services, Prince-
ton, N. J. 

The topic of the selection of technical man-
agers can be approached in many ways. 

This talk will describe the broad framework 
and some details of an approach which repeat-
edly, in other selection situations, has proved 
effective and which gives promise of being ef-
fective in the selection of technical managers. 

Basically the approach is simple. For any 
technical management position find out: ( 1) 
the key duties to be performed; (2) the manage-
ment climate surrounding it; (3) what man 
under consideration has best demonstrated his 
ability to do well key duties like these and 
would be happy in the management climate 
involved. 

50.2 "Psychological Means for the 
Selection of Managers," by John C. 
Flannigan, University of Pittsburgh, 
Pa. 

50.3 "Selection of Engineering Ex-
ecutives," by Leron N. Vernon, Per-
sonnel Lab., Chicago, Ill. 

Selection of managers for engineering or-
ganizations is like selection of other executives 
with some additional problems. Executive po-
tential in general should be judged in terms of 
(1) emotional and social maturity, (2) intellec-
tual capacity, and (3) management skills. 

Additional problems in selecting engineer-
ing executives include the following. ( 1) An out-
standing technologist may earn promotion, but 
is likely to be a poor manager. The neces-
sary skills, standards, and personal qualities are 
different. (2) The need for management skills is 
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greater among engineers because technical men 
are more difficult to manage than other groups. 
(3) There is need for a research approach to 
this problem. Progress will come from better 
use of available techniques in man evaluation 
and from scientific study of existing situations. 
Engineers need to accept and use a science dif-
ferent from their own; in this problem, that 
science is psychology. 

50.4 " Balance in Management Se-
lection," by Ronald L. McFarlan, 
Raytheon Mfg. Co., Newton, Mass. 

50.5 "Selection of Technical Man-
agement Personnel," by Dean E. 
Wooldridge, Ramo-Wooldridge Corp., 
Los Angeles, Calif. 

The problem of selecting suitable personnel 
for management of scientific or engineering de-
velopment work has many elements in common 
with the problem of selecting personnel for 
management of other types of activities, but 
there are also some important differences. One 
such difference will be particularly emphasized 
—the importance of selecting successful scien-
tists or engineers, rather than nontechnical 
people, to manage the activities of other scien-
tists and engineers. The point will be made 
that, if properly done, the conversion of techni-
cally trained men to administrators is by no 
means the waste of scarce manpower that it is 
frequently considered to be. 

SESSION LI 

THURS. 2:30-5:00 P.M. 

WALDORF-ASTORIA 
ASTOR GALLERY 

Electron Devices IV Transistors 

Chairman: HARPER Q. NORTH, 
Pacific Semiconductors, Inc., 

Los Angeles, Calif. 

• 

51.1 "Thermal Properties of Semi-
conductor Diodes," by J. N. Car-
man and W. R. Sittner, Pacific Sem-
iconductors, Inc., Culver City, Calif. 

Experimental and analytical methods for 
determining steady state and transient thermal 
properties of semiconductor diodes will be pre-
sented. Comparisons of power dissipation con-
stants and thermal time constants of various 
diode envelope designs will be given. 

Curves of measured junction-temperature 
rise as a function of power dissipation will be 
shown together with effects of dissipated power 
on electrical characteristics of typical ger-
manium and silicon diodes. 

Operation of silicon and germanium diodes 
at elevated temperatures and required power 
derating will be discussed. The relationship be-
tween dissipation constants, thermal time con-
stants and high-temperature derating factors 
will be outlined. 

51.2 "Grain Boundaries and Tran-
sistor Action," by Herbert F. Ma-

tare, Signal Corps Engrg. Labs., Ft. 
Monmouth, N. J. 

The advanced knowledge and study of im-
perfections in crystals has opened a new field of 
fruitful work. While the "perfect" crystal and 
its use for electronic devices in the semicon-
ductor field allows p-n technique with all its 
variations as to impurity distribution, the use 
of defined crystal imperfections, especially in 
the form of grown grain-boundaries, opens a 
new variety of possible electronic behavior. 

Measurements of grain-boundary orienta-
tion in correlation with probe measurements 
show interesting properties as to current ampli-
fication, i.e., release of trapped carriers, and 
gate-action. The use of grain-boundary-stress 
fields in transistor electronics should prove also 
effective in the higher frequency range since 
these fields which define the characteristics of 
grain-boundary transistors may be limited to 
thickness of 1 micron and less. 

51.3 "Developments in Silicon 
Junction Diodes and Power Recti-
fiers," by H. Gunther Rudenberg, 
Transitron Electronic Corp., Mel-
rose, Mass. 

New silicon junction rectifiers are presented. 
Different alloying techniques provide P-n junc-
tions of smaller as well as much larger areas 
than formerly available. Types developed 
handle kilowatts of alternating current, others 
milliwatts of high-frequency signals. They have 
low forward-voltage drops, excellent rectifica-
tion efficiencies at rated power, inverse currents 
of microamperes or fractions thereof, and in-
verse voltages from 10 to 1,000 volts even at 
high ambient temperatures. The low-power 
diodes have minute junctions of 0.1 ppf capaci-
tance, excellent pulse recovery within 0.1 mi-
crosecond, cut-off frequencies above 500 mc, and 
inverse voltages from 10 to 100 volts. High-
power rectifiers can operate at currents up to 
100 amperes, others at inverse voltages of 1,000 
volts. A representative unit measures 5 volts 
forward drop at 30 amps, and an inverse volt-
age above 100 volts up to 150 degrees C. Char-
acteristics of types in quantity production will 
be presented with application data. Thermal 
design encountered in mounting hermetically. 
sealed power units will be discussed. 

51.4 "Comparative High-Frequen-
cy Operation of Junction Tran-
sistors Made of Different Semicon-
ductor Materials," by L. J. Giaco-
letto, RCA Labs., Princeton, N. J. 

The high-frequency performance of junc-
tion transistors is determined in part by the 
time required for the injected minority carriers 
to traverse the base region. Large minority 
carrier mobility contributes to reducing this 
transit time. However, the hi performance is 
also affected by factors such as base-lead re-
sistance and collector-to-base ¡unction capaci-
tance, and large majority carrier mobility will 
reduce the detrimental effects of these factors. 

One can determine the design requirements 
for the optimum hf power amplification. Since 
both minority and majority carrier mobilities 
are of about equal importance, it follows that 
the high-frequency performance of an n-p-n 
transistor should be about the same as that of a 
geometrically similar p-n-p transistor. Further-
more, for evaluation of new semiconductors, a 
knowledge of the values of both mobilities is 

required, and a figure of merit is proposed 
which is formed by the product of the two drift 
mobilities divided by the square root of the 
dielectric constant. 

51.5 "Characteristics and Some Ap-
plications of Fused Junction P-N-P 
Germanium Transistors for High-
Frequency Use," by R. D. Greene, 
Raytheon Mfg. Co., Newton, Mass. 

The basic characteristics of fused junction 
p-n-p germanium transistors are discussed with 
particular emphasis on the viewpoint of the 
circuit designer. 

Those parameters of importance in the de-
sign of high-frequency transistors are pointed 
out and optimized. Circuitry for such devices 
as portable radios, video amplifiers, and gating 
circuits are discussed. 

SESSION LII 

THURS. 2:30-5:00 P.M. 

WALDORF-ASTORIA 
JADE ROOM 

Component Parts II General 

Chairman: LLOYD T. DEVORE, General Elec-
tric Co., Syracuse, N. Y. 

• 

52.1 "A Miniature Precision Delay 
Line," by James B. Hickey, Rome 
Air Dey. Center, Gress A F Base, 
Rome, N. Y. 

This paper describes the development, 
unique construction details, and characteristics 
of a miniature precision delay line of the 1-c 
lumped constant type, having an equivalent 
"ne-derived low-pass filter configuration. This 
delay line was designed to replace a wire-wound 
distributed-constant type employed in a com-
plex aircraft identification system. The new 
lumped constant delay line is superior to the 
replaced wire-wound distributed constant de-
lay line on the following counts: ( 1) reproduci-
bility; (2) temperature stability; (3) space fac-
tor; (4) availability of delay taps at extremely 
small delay increments; and (5) versatility of 
design for a wide range of characteristic im-
pedance and bandwidth. 

52.2 "Criteria and Test Procedures 
for Electromagnetic Delay Lines," 
by Norman Gaw and David Silver-
man, Helipot Corp., Mountainside, 
N. J. 

The general types of fixed and variable elec-
tromagnetic delay lines are reviewed and con-
ventional terminology is defined. Distortions 
common to delay lines are illustrated and meth-
ods for correction are analyzed. Test proce-
dures, both pulse and sinusoidal, and methods 
for measuring linearity and phase shift are de-
scribed. The general areas of usefulness of 
electromagnetic delay lines in today's technol-
ogies and some applications are discussed. 
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52.3 "Evolution of Selenium Recti-
fier Voltage Ratings," by N. Bech-

told, Signal Corps Engrg. Labs., 
Ft. Monmouth, N. J. 

The prewar 14-volt plate evolved through 
accelerated emergency development to the 
postwar 26-volt plate. Through Signal Corps 
sponsorship (Contract DA-36-039 SC- 107) the 
40-volt plate was developed and produced on a 
large quantity basis. The 1.5 miniaturization 
factor achieved has been proven reliable in a 
number of high-voltage power supplies and by 
virtue of over 15,000 hours of life data. Addi-
tional investigations have made use of its ad-
vantageous high reverse-resistance for mag-
netic amplifier applications. Recently, a 60-volt 
selenium plate was developed under Contract 
DA-36-039 SC-I5454, an extension of the origi-
nal work. Further advancement of this voltage 
rating will be contingent upon resolution of the 
barrier layer stability problem. 

52.4 "A Precision Deflection Yoke," 
by Harold J. Benzuly, Radio Corp. 
of Amer., Camden, N. J. 

A method for constructing a deflection yoke 
assembly suitable for camera pickup tubes 
using entirely new techniques is described. In 
particular, a deflection coil assembly for an 
image orthicon camera is discussed. Although 
some problems remain to be solved, the electri-
cal and physical characteristics of a standard 
wound yoke can be realized, making direct 
substitution with only minor circuit modifica-
tions possible. 

52.5 "Ceramic-to-Metal Seals for 
Magnetrons," by Leo J. Cronin, 
Raytheon Mfg. Co., Waltham, Mass. 

The advantages of ceramic-to-metal seals 
are enumerated. Applications of these seals in 
the construction and operation of magnetrons 
are discussed and illustrated. The new Mo-Ti 
sealing technique is described following its his-
torical sequence. Processing techniques such as 
application of metalizing, firing, and soldering 
are covered. Mention is made of physical de-
sign correlated with stress and strain. Proper-
ties of ceramics which were considered when 
choosing an alumina body are given. The 
fabrication of ceramics is also mentioned. Re-
sults of research utilizing X-ray diffraction and 
petrographic methods are listed. A selection of 
slides is presented which shows magnetrons, 
seals, properties of ceramics and metals, cross 
sections, equipment, and other salient points. 

SESSION LIII 

THURS. 2:30-5:00 P.M. 

WALDORF-ASTORIA 
SERT ROOM 

Information Theory III 

Chairman: JOHN W . M AUCHLY, Remington 
Rand, Inc., Philadelphia, Pa. 

• 

53.1 "Communication Theory Model 
and Economics," by Samuel Bagno, 

Altertronic Corp., Long Island City, 
N. Y. 

The mathematical theory of communication 
is shown to provide a good model for the de-
scription of economic activity. Physical pro-
duction corresponds to transmitting entropy 
into a communication channel. The economy 
corresponds to the channel. In the noiseless 
case, money in circulation corresponds to the 
capacity of a communication channel. In the 
presence of noise, maintaining a constant 
channel capacity requires introducing suffi-
cient redundancy to nullify the equivocation 
due to noise. The corresponding economic du-
plication is shown to be the need for an ever-
increasing total money supply. The law of 
diminishing returns and other economic laws 
have striking analogies in certain theorems of 
Shannon. 

53.2 "Removal of the Redundancy 
Due to Intersymbol Interference," 

by H. Davis, University of Califor-
nia, Los Angeles, Calif., and D. L. 
Trautman, Hughes Aircraft Co., 
Culver City, Calif. 

Since the appearance of Shannon's classic 
paper on communication theory, much atten-
tion has been directed to making use of re-
dundancy which might occur in signals in 
order to reduce the probability of misinterpre-
tations when received in the presence of noise. 
This has led also to various schemes for using 
intentionally introduced redundancy to reduce 
error in reception (error-correcting codes). 
There are, however, cases where it may be de-
sirable to remove the redundaacy present 
rather than add to it. In this paper we consider 
discrete parameter, real valued time series 
which may have members which are statisti-
cally dependent (intersymbol redundancy). We 
transform such series so that the members of 
the resultant series are mutually independent 
and such that the resultant series is in one-to-
one correspondence with the original signal. 
This may be useful, for example, if it is desired 
to transform an arbitrary signal to a Gaussian 
time series. 

53.3 "Noise through Nonlinear De-
vices," by Ralph Deutsch, Hughes 
Aircraft Co., Culver City, Calif. 

A method proposed by Wiener for studying 
nonlinear transformations of noise voltages is 
discussed. The technique is extended to a sys-
tem consisting of a passive linear four-terminal 
network followed by a member of a general 
class of nonlinear devices and a linear output 
filter. The elements are all allowed to interact 
mutually. For the particular case of bandwidth-
limited normal noise, the system equations can 
be expressed in convenient form. The analysis 
technique is illustrated by application to a 
typical physical problem. 

53.4 "Linear Filter Optimization 
with Game Theory Considera-
tions," by M. C. Yovits and J. L. 
Jackson, Johns Hopkins University, 
Silver Spring, Md. 

The optimum reproduction of a signal in 
noise by a linear filter is considered when the 
signal spectrum is unknown. The problem is 
likened to a game; the signal producer by his 
spectrum choice attempts to maximize the filter 
error while the filter designer attempts to mini-
mize it. 

The optimum transfer function for any fixed 
signal spectrum is found; the optimum signal 
spectrum for any allowable transfer function is 

found. Their functional intersection gives the 
game theory solution. 
A new variational principle is developed 

which conveniently gives the amplitude of the 
optimum transfer function for any fixed signal 
spectrum. Results are listed for some simple 
cases. 

53.5 "The Effect of AGC on Radar 
Tracking Noise," by R. H. DeLano 
and I. Pfeffer, Hughes Aircraft Co., 
Culver City, Calif. 

The response of the AGC in a radar receiver 
to the low-frequency fluctuations of the radar 
echo can produce an increase in the low-fre-
quency spectral density of the angle tracking 
noise. An increase in noise spectral density by a 
factor of two to three is representative of what 
can happen when the envelope of the radarecho 
is approximately Rayleigh distributed. By 
simulation, using an electronic analogue com-
puter, the increase in spectral density has been 
obtained as a function of the product of the 
envelope bandwidth and the AGC time con-
stant. This consideration must be balanced 
against other factors requiring a short AGC 
time constant and one of these is discussed. 

SESSION LIV 

THURS. 2:30-5:00 P.M. 

KINGSBRIDGE ARMORY 
MARCONI HALL 

Microwave Communications 
and Systems 

Chairman: S. M. KAPLAN, General 
Electric Co., Cornell University, 

Ithaca, N. Y. 

• 

54.1 "Evaluation of Survey Meth-
ods for Use in Microwave Path 
Analysis," by W. C. Eddy, Television 
Associates of Indiana, Inc., Michi-
gan City, Ind. 

There have been many approaches to the 
problem of evaluating a proposed microwave 
path. The aerial survey substantiated by a 
ground survey described in this paper appears 
best to satisfy the several equations of econ-
omy, accuracy and expedition in obtaining 
data. 

This paper describes in detail the techniques 
that have been developed over the past ten 
years in aerial survey, as well as outlining in a 
broad evaluation the other systems that have 
been used. 

The aerial system described in this paper 
has been used in the original evaluation of 
many of the presently operating microwave 
systems. Using data developed by this system, 
these operating microwave systems have en-
countered no paths that were marginal or ob-
structed. 

54.2 "A Monopulse Radar Tech-
nique," by R. M. Page, Naval Re-
search Lab., Washington, D. C. 
A technique is described whereby a single 

radar pulse may provide angle as well as range 
information for tracking. As a consequence, 
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angle as well as range information may be pre-
sented in the video channel, thus providing 
simultaneously angle and range information on 
all echoes independently, so long as they are 
resolved in range. Since resolution in range is 
resolution in time, the possibility is suggested 
that the technique may be applied in radio 
astronomy to resolve in angle two independent 
point sources simultaneously in the radio beam, 
but resolved in time by suitable wide-band cir-
cuitry before integration. This is known to work 
for signals large relative to receiver noise. 

54.3 "A Frequency Selective Di-
rectional Coupler for Multiplexing," 
by Herbert J. Carlin, Polytechnic 
Institute of Brooklyn, Brooklyn, 
N. Y. 

This paper describes the design principles, 
construction, and operation of a UHF antenna 
coupler designed to multiplex transmitters and 
receivers on a single antenna in the frequency 
band 225-400 mc/sec. The coupler design in 
first approximation is the realization of a 
bridged-T circuit in coaxial line employing two 
tunable precalibrated cavities plus a special 
balancing network to compensate for antenna 
mismatch. A more general point of view is to 
regard the device as a directional coupler with 
high directivity and with coupling coefficients 
whose frequency response is similar to that of 
bandpass and band elimination filters. The re-
sultant multiplexer achieves high isolation and 
low insertion loss at unusually close frequency 
spacings between transmitters and receivers. 
When the multicouplers are used with a fre-
quency separation of 3 mc /sec. (approximately 
I per cent) between euipments, the average in-
sertion loss in a four-coupler system is 1 db per 
coupler, and the average isolation between 
equipments located at adjacent couplers is ap-
proximately 60 db. 

54.4 "Application of Ferrites for 
Audio Modulation of Microwaves," 
by Philip Zirkind, Rome Air Dey. 
Center, Griffiss A F Base, Rome, 
N. Y. 

A novel method of transmission of audio 
frequencies by means ot microwaves is de-
scribed. The plan of polarization of a micro-
wave carrier of 9,375 mc is rotated in varying 
amounts when propagated through a ferrite 
inserted in a circular waveguide and subjected 
to a longitudinal magnetic field varying in 
strength at audio frequencies. Rectangular 
waveguides which are perpendicular to each 
other are coupled to both sides of the ferrite 
section. It is then observed that in the wave-
guide beyond the ferrite section in the direction 
of propagation, the microwave carrier is modu-
lated in proportion to the variations in the 
magnetic field strength applied to the ferrites. 
Further observations are described of the 
propagation of this modulated microwave car-
rier through space, and detection at a receiver. 
The means of demodulation and the character-
istics of the demodulated signal are described. 

54.5 "A Narrow-Band Radar Re-
lay System," by C. W. Doerr and 
J. L. McLucas, Haller, Raymond 
and Brown, Inc., State College, Pa. 

The HRB Narrow-Band Radar Relay Sys-
tem provides for presenting at a remote point 
the PPI display from any standard surveillance 
or airport radar which uses a continuously ro-
tating antenna. 

Basic units are the encoder, the decoder, 
and the indicator. The encoder first reduces the 
bandwidth of the radar video to the audio 
range through a process of integration. The 
encoder also generates a rate signal, whose 
frequency is related to antenna rotation speed, 
and a North mark. These three signals are 
superimposed on subcarriers and mixed before 
being fed to a standard communications link. 
The decoder separates the three signals and uses 
them to create PPI display on Indicator. 

SESSION LV 

THURS. 2:30-5:00 P.M. 

KINGSBRIDGE ARMORY 
FARADAY HALL 

Aeronautical and Navigational 
Electronics III Navigation 

Chairman: GEORGE RAPPAPORT, 
Aircraft Radiation Lab., Wright 

Field, Dayton, Ohio 

• 

55.1 "An All-Weather Radio Sex-
tant," by D. O. McCoy, Collins Ra-
dio Co., Cedar Rapids, Iowa 

The techniques used in radio astronomy have 
been applied to produce an all-weather solar 
tracking instrument for navigational purposes. 
The principle of operation of this device is de-
scribed. An illustrated description of a typical 
radio sextant is given together with a discussion 
of the accuracies obtained from several versions 
of the equipment. 

55.2 "A UHF Ground-Based Auto-
matic Direction Finder," by Robert 
L. Cattoi, Collins Radio Co., Cedar 
Rapids, Iowa 

This paper presents a general description of 
the Collins DF-101 ground-based automatic 
direction finder. The described system gives a 
continuous bearing indication of the relative 
direction of arrival of amplitude modulated or 
unmodulated signals in the 225-400 megacycle 
frequency range. Design goals included over-all 
simplicity, relatively small size, portability and 
good operational accuracy. The paper outlines 
design requirements, brief operational theory, 
development problems, physical and electrical 
description, as well as equipment application 
and performance. 

58.3 "Wullenweber-Type Ultra 
High-Frequency Radio Direction 
Finder," by Richard C. Benoit, Jr., 
Rome Air Dey. Center, Griffiss A F 
Base, Rome, N. Y., and W. M. Fur-

low, Jr., Melpar, Inc., Alexandria, 
Va. 

This paper deals with the development and 
fabrication of an ultra high-frequency Wullen-
weber type of radio direction finder capable of 
a 10 to I frequency coverage at a high order of 
azimuth bearing resolution permitting the dis-
play of simultaneous bearings on a single fre-
quency. 

It is primarily designed to cover the 225-
400 mc band but also offers coverage from 100-
1,000 mc at a possible sacrifice of performance. 
The antenna system consists of 100 vertically 
polarized dipoles having an array diameter of 
10 meters which are utilized to produce a beam-
width in the order of 6 degrees sweeping in azi-
muth at 600 rpm. 

Of the several components comprising the 
system, detailed discussion is given of the radio 
frequency switch, couplers, and phasing ele-
ments. The switch was designed to connect si-
multaneously each of 36 adjacent dipoles to 36 
phasing lines, using transformers made of flat 
strip transmission lines to eliminate mechanical 
contacts. Cross-talk between channels and in-
sertion loss are negligible. The coupler matches 
36 inputs of 50 ohms each to a 50-ohm output 
cable and is made up of five cascaded coaxial 
transformers, telescoped together and loaded 
with dielectric material to minimize over-all size. 

Aperture Wullenweber systems are also pre-
sented. 

55.4 "High- Precision Computer for 
Automatic Solution of the Celestial 
Triangle," by Gene R. Marner, Col-
lins Radio Co., Cedar Rapids, Iowa 

A precise electromechanical analog com-
puter which automatically solves the celestial 
triangle will be described. The inputs are shaft 
positions representing the latitude of the instru-
ment and the declination and local hour angle 
of a point on the celestial sphere. The computer 
then continuously presents shaft positions rep-
resenting the altitude and azimuth of the point 
in question. No restrictions are placed on the 
range of any of the angles involved. The results 
of an extensive experimental error analysis will 
be presented, and applications to navigation 
systems and to the direction of altitude-az. 
muth mounted radio telescopes will be pointed 
out. 

55.5 "JAINCO: a High-Precision 
Lightweight Aircraft Navigational 
System," by Donald H. Jacobs, 
Jacobs Instrument Co., Bethesda, 
Md. 

JAINCO is a high-precision phase compari-
son type of navigational system involving three 
ground stations: a master and two slaves. Each 
ground station transmits five sinusoidal modu-
lation frequencies on its carrier. Phase com-
parisons are made in the airplane automatically 
and simultaneously on all these modulations. 
These comparisons give two unambiguous hy-
perbolic coordinates of position with six-figure 
accuracy. One set of ground stations can con-
trol an unlimited number of aircraft. Other im-
portant characteristics are the small size and 
lightness of ground and airborne equipments, 
the fact that no airborne operator is required, 
and the fact that the system gives unambigu-
ous position readings (no cycle counting). The 
aircraft, being guided, emits no signals. 
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IRE News and Radio Notes  
A. N. GOLDSMITH MADE EM-
INENT MEMBER OF ETA KAPPA 
Nu HONOR SOCIETY 

The fifty-six college chapters of Eta 
Kappa Nu, the electrical engineering honor 
society, have elected Alfred N. Goldsmith to 
the rank of Eminent Member. Induction 
ceremonies were held on January 31 at the 
Henry Hudson Hotel. Following the cere-
monies, new Eminent Members were pre-
sented at Eta Kappa Nu's Award Dinner. 

Over the years only twenty men have 
achieved Eminent Membership, which is 
offered "to those individuals who by their 
technical attainments and contributions to 
society have shown themselves to be out-
standing leaders in the field of electrical en-
gineering and great benefactors of their 
fellow men." 

BUENOS AIRES SECTION HOLDS 
EIGHTH CONVENTION 

The Buenos Aires Section held its eighth 
annual convention in November. The pro-
gram presented technical papers, tours, an 
exhibition of communications and electronic 
equipment, and a banquet. 

Technical sessions included the following 
papers: G. Von Trentini, " Radar Antennae"; 
P. J. Noizeux, "The History of Communi-
cations in Argentina"; S. Castro, "The Fu-
ture of Electronics in Our Laboratories"; 
J. C. Coriat, "Manufacture of Television 
Receivers in Argentina." 

An exhibition held in the Argentine Au-
tomobile Club featured the latest electronic 
equipment designed and manufactured in 
Argentina. P. N. Guzzi, Chairman of the 
Buenos Aires Section, presided at inaugura-
tion ceremonies. In his speech to the group. 
Mr. Guzzi described the part taken by the 
Buenos Aires Section in the development of 
electronics in Argentina. 

Tours were conducted at the Transradio 
International, largest transmission station 
in the country, at Compañia Standard Elec-
tric Argentina, and at Capehart Argentina. 

ASEE W ILL MEET IN JUNE 

The annual meeting of the American 
Society for Engineering Education will be 
held June 20-24, 1955, at Pennsylvania 
State University, State College, Pennsyl-
vania. The meeting will be attended by over 
2,000 educators and educational admin-
istrators from colleges throughout the coun-
try. The society, this year especially wel-
coming foreign visitors, will present a 
program featuring international aspects of 
engineering education. 

The program will offer the reports of two 
committees. The Committee on Evaluation 
of Engineering Education will report on the 
curricular goals of engineering education, 
emphasizing changes needed to keep engi-
neering education abreast of scientific and 
technological advances. A second committee 
will discuss the teaching of humanities, social 
sciences, and business studies in the engi-
neering curriculum. 

The Engineering College Research Coun-
cil will have a session dealing with education 
for research, while the Engineering College 
Administrative Council will feature a session 
on methods of interesting secondary school 
students in engineering as a career. Over 
75 other conferences, concerning all areas of 
engineering education as well as related 
areas, will be offered. 

The printed program for the meeting 
will be available in May, and further in-
formation may be obtained from the Secre-
tary of the ASEE, Northwestern University, 
Evanston, Illinois. 

NEW APPOINTMENTS MADE TO 
THE BOARD OF DIRECTORS 

At the meeting of the IRE Board of Di-
rectors on January 6 in New York, a num-
ber of appointments to the Board of Di-
rectors were made for this year. W. R. G. 
Baker was appointed Treasurer; Haraden 
Pratt, Secretary; J. R. Pierce, Editor; A. N. 
Goldsmith, Director; A. V. Loughren, Di-
rector; and Howard Vollum, Director. 

Calendar of 
Coming Events 

IRE Philadelphia Section Color TV 
Symposium, Physics Building, Uni-
versity of Pennsylvania, March 8, 
15,22,29, and April 5 

Symposium on Electromagnetic Re-
lays, Oklahoma A and M College, 
Stillwater, Oklahoma, March 9-11 

IRE National Convention, Waldorf-
Astoria Hotel and Singsbridge 
Armory, New York, N. Y., March 
21-24 

IRE-PIB Symposium on Modern Net-
work Synthesis, Engineering Soci-
eties Building, New York, N. Y., 
April 13-15 

Instrumentation Symposium, Proving 
Ground Instrumentation Com-
mittee of the American Ordnance 
Association, Patrick Air Force 
Base, Cocoa, Florida, April 14 and 
15 

SMPTE 77th Semiannual Conven-
tion, Hotel Drake, Chicago, Ill., 
April 17-22 

International Symposium on Electri-
cal Discharges in Gases, Technical 
University, Delft, Netherlands, 
April 25-30 

IRE Seventh Region Technical Con-
ference and Trade Show, Hotel 
Westward Ho, Phoenix, Ariz., 
April 27-29 

Semiconductor Symposium, Electro-
chemical Society, Cincinnati, Ohio 
May 2-5 

National Aeronautical Electronics 
Conference, Biltmore Hotel, Day-
ton, Ohio, May 9-11 

IRE-AIEE-IAS-ISA National Tele-
metering Conference, Hotel Mor-
rison, Chicago, Ill., May 18-20 

IRE-AIEE-RETMA-WCEMA Elec-
tronic Components Conference, 
Hotel Ambassador, Los Angeles, 
Calif., May 26-27 

American Society for Engineering Ed-
ucation Annual Meeting, Pennsyl-
vania State University, State Col-
lege, Pennsylvania, June 20-24 

URSI-U. of Michigan International 
Symposium on Electromagnetic 
Wave Theory, University of Mich-
igan, Ann Arbor, Mich., June 20-
25 

International Analogy Computation 
Meeting, Societe Belge des In-
genieurs des Telecommunications 
et D'Electronique, Brussels, Bel-
gium, September 27-October 1 

IRE-AIEE Conference on Industrial 
Electronics, Rackham Memorial 
Building, Detroit, Michigan, Sep-
tember 28-29 

Second International Automation Ex-
position, Chicago Navy Pier, Chi-
cago, Illinois, November 14-17 

P. N. Guzzi, Chairman of the Buenos Aires Section, speaks to the Convention group on recent development@ 
made in the field of electronics in Argentina and on the contribution of the Buenos Aires Section to this area 
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CONVENTION SOCIAL PROGRAM 
TO FEATURE GEN. RIDGWAY 

The National Convention activities (p. 
347) will include an outstanding program of 
social events and women's activities. 

Social Events 

A get-together cocktail party will be held 
from 5:30 P.M. to 7:30 P.M. on March 21 in 
the Grand Ballroom of the Waldorf. Tickets 
may be purchased at the door. 

The Annual IRE Banquet on March 23 
will also be held in the Waldorf's Grand 
Ballroom. The featured speaker will be Gen-
eral Matthew B. Ridgway, Chief of Staff, 
U. S. Army. The winners of the awards 
for 1955 will be honored during the banquet 
in ceremonies conducted by President 
John D. Ryder. Reservations (while they 
last) may be purchased in advance from /RE 
at $14.00 apiece. 

Women's Program 

Registration and headquarters for 
women's activities will be held in the Re-
gency Suite on the fourth floor of the Wal-
dorf. In addition to the program outlined 
below, tickets to radio and TV broadcasts 
will be available gratis. 

Monday, March 21 

9:30 A.m.-5:00 P.M.—Registration—Wal-

dorf-Astoria, Regency Suite, Fourth Floor. 
Get-Together Coffee Hour, 9:30 A.M.-

10:30 A.M. 

1:45 p.m.-4 : 30 p.m.—Behind the Scenes at 
R.H. Macy Department Store (a view of 
merchandising from manufacturer to cus-
tomer). 

Tuesday, March 22 

9:15 A.M.-11:00 A.M.—Conducted tour of 
European Masterpieces, Metropolitan Mu-
seum of Art. (One-way transportation in-
cluded.) ® $1.75 

11:30 A.M.-1:00 P.M.—Luncheon (Optional) 
Metropolitan Museum Cafeteria Restau-
rant. (Price of luncheon extra, as ordered) 

3:00 P.M.-5:00 P.M.—Tea at new IRE Head-
quarters Building, 5 East 79 Street. 

Wednesday, March 23 

8:15 A.m.-11:30 A.M.—Tour of United Na-
tions, including a meeting of the "Commis-
sion on the Status of Women." (4 $1.50 

12:00 Noon-2 : 00 P.M.—Luncheon and 
Fashion Show, Empire Room, Waldorf-
Astoria Hotel. ® $4.50. 

2:30 P.M. Matinee. "Kismet" or "Teahouse 
of the August Moon." ®$4.55 

Thursday, March 24 

8:50 A.m.-11 : 00 A.M.—N.B.C. Tour of Radio 
City, 30 Rockefeller Plaza, including " Break 
the Bank" radio broadcast. ® 1.70 

URSI INVITES PAPERS FOR 
SPRING M EETING 

The URSI Spring Meeting will be held 
at the National Bureau of Standards in 

Ralph Hackbusch (right). former IRE Vice-President. receiving radio citation from G. C. W. Browne. 

Washington, May 3 to 5. The meeting will 
be sponsored by the USA National Commit-
tee of the International Scientific Radio 
Union and co-sponsored by the PG on An-
tennas and Propagation and the PG on 
Microwave Theory and Techniques. The 
meeting will include a combined technical 
session followed by separate sessions in vari-
ous fields. 

Authors who wish to present papers are 
asked to submit titles and one or two hun-
dred word abstracts by March 1. Papers 
should be submitted to the representative in 
each field as follows: Radio Measurements 
and Standards, Dr. R. G. Fellers, Bldg. 3, 
PH, Radio 1, Naval Research Laboratory, 
Washington 20, D. C.; Radio and Tropo-
sphere, Dr. J. B. Smyth, U. S. Navy Elec-
tronics Laboratory, San Diego 52, Calif.; 
Ionospheric Radio, Dr. Milleit Morgan, 
Thayer School of Engineering, Dartmouth 
College, Hanover, New Hampshire; Radio 
Noise of Terrestrial Origin, F. H. Dickson, 
Communications Liaison Branch, Room 
2D276, National Defense Building, Wash-
ington 25, D. C.; Radio Astronomy, Dr. J. P. 
Hagan, Naval Research Laboratory, Washing-
ton 20, D. C.; Radio Wave and Circuits, Dr. 
E. C. Jordan, Dept. of E.E., U. of Ill., Ur-
bana, Ill.; Radio Electronics, Dr. W. G. 
Shepherd, Inst. of Tech., U. of Minn., 
Minneapolis 14, Minnesota; PG on Antennas 
and Propagation, H. F. Englemann, Federal 
Telecommunication Labs., Nutty, N. J.; 
Microwave Theory and Technique, J. T. 
Booljahn, Stanford Research Institute, Stan-
ford, California. 

PROCEEDINGS OF ELECTRONIC 
COMPONENTS SYMPOSIUM Now 
AVAILABLE 

The 1954 Electronic Components Sym-
posium Proceedings are available at $4.50 
per copy. Those interested in obtaining The 
Proceedings may write to A. E. Zdobysz, 
Associated Engineering Services, Incor-
porated, 1 Thomas Circle, N.W., Washing-
ton 5, D. C. 

RALPH HACKBUSCH RECEIVES 
CITATION UPON RETIREMENT 

Ralph A. Hackbusch, Vice-President of 
the IRE in 1944, has recently retired as 
President of the Canadian Radio Technical 
Planning Board. G. C. W. Browne, Con-
troller of Telecommunications of the De-
partment of Transport, presented Mr. Hack-
busch, upon his retirement, with a citation. 
The award was made in "recognition of his 
enterprise and leadership in formulating 
sound engineering principles and organizing 
technical facts to assist in the development 
of the Canadian radio industry and radio 
service of the Nation." 

In addition to his position on the plan-
ning board, Mr. Hackbusch has been a 
member of the Canadian Electrical Code 
Committee, the Canadian Standards Associ-
ation, and the Radio Manufacturers Asso-
ciation. 

BRIG. GEN. B. S. KELSEY TO 
MAKE CHIEF SPEECH AT 
PGANE LUNCHEON IN NEW YORK 

Brigadier General Benjamin S. Kelsey, 
USAF, will be the principal speaker at the 
annual luncheon of the Professional Group 
on Aeronautical and Navigational Electron-
ics to be held March 22 during the National 
Convention in New York. General Kelsey, 
who formerly headed the USAF's All-
Weather Flying division, will speak on "The 
First and Last Thousand Feet." Gen. Kel-
sey's present post is Deputy Director of Re-
search and Development, Office of the Dep-
uty Chief of Staff for Development. 

The PGANE luncheon will be held in the 
Empire Room of the Waldorf-Astoria, site of 
two PGANE-sponsored technical sesisons to 
be held the same day. Tickets, priced at 
$3.50, may be obtained by writing to 
William P. McNally, W. L. Masson Cor-
poration, 460 West 34 Street, New York 1, 
New York. 
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TELEMETERING GROUP TO MEET TRANSACTIONS OF IRE PROFESSIONAL GROUPS 

The National Telemetering Conference, 
under the sponsorship of the IRE (Radio 
Telemetering and Remote Control Profes-
sional Groups participating), American In-
stitute of Electrical Engineers, Instrument 
Society of America, and the Institute of 
Aeronautical Sciences, will be held at the 
Morrison Hotel in Chicago, May 18-20. 
Kipling Adams of the General Radio Com-
pany is National Chairman. Thirty-six pa-
pers will be presented at the conference, and 
the following schedule of papers has been 
planned: 

Wednesday, May 18 

Morning 

Flight Control 

Afternoon 

System I-Industrial Telemetering 
Components I-Pickups and Transducers 

Thursday, May 19 

Morning 

Systems II-Flight Testing 

Afternoon 

Systems III-Data Processing 
Components II-Transmitting Link 

Friday, May 20 

Morning 

Systems IV-New Developments in 
Telemetering and Remote Control 

Afternoon 

Components III-Data Processing 

EXECUTIVE COMMITTEE AP-
PROVES Two NEW CHAPTERS 

At its meeting of January fifth, the Ex-
ecutive Committee approved two P. G. 
Chapters. They are: Microwave Theory and 
Techniques, Northern New Jersey Chapter; 
Production Techniques, Washington Chap-
ter. The Pasadena Subsection of the Los 
Angeles Section was also approved. 

This is Beamie, a character who will ap-
pear frequently in the new IRE Student 
Quarterly, which goes to student members 
without extra charge, and to which other 
IRE members can subscribe for $2.00 a year. 
Here Beamie is shown traveling with the 
speed of light at the IRE Convention, trying 

to see it all on his lunch hour. (But he 
didn't make it.) 

The following issues of TRANSACTIONS are available from the Institute of Radio Engineers, 
Inc., 1 East 79 Street, New York 21, N. Y., at the prices listed below. 

Sponsoring 
Group 

Publications 
Group 
Mem- 
bers 

IRE 
Mem- 
bers 

Non 
Mem-
hers* 

Aeronautical & 
Navigational 

PGAE-5: A dynamic Aircraft Simulator for Study 
of Human Response Characteristics (6 pages) 

$ . 30 $ . 45 $ . 90 

Electronics PGAE-6: Ground-to-Air Co-channel Interference at .30 .45 .90 
2900 MC ( 10 pages) 
PGAE-8: June 1953 (23 pages) .65 .95 1.95 
PGAE-9: September 1953 (27 pages) .70 1.05 2.10 
Vol. ANE-1, No. 1: March 1954 (51 pages) 1.00 1.50 3.00 
Vol. ANE-1, No. 2: June 1954 (22 pages) .95 1.40 2.85 

Antennas and PGAP-4: IRE Western Convention, August 1952 2.20 3.30 6.60 
Propagation (136 pages) 

Vol. AP-1, No. 1: July 1953 (30 pages) 1.20 1.80 3.60 
Vol. AP-1, No. 2: October 1953 (31 pages) 1.20 I. 80 3.60 
Vol. AP-2, No. 1: January 1954 (39 pages) 1.35 2.00 4.05 
Vol. AP-2, No. 2: April 1954 (41 pages) 2.00 3.00 6.00 
Vol. AP-2, No. 3: July 1954 (36 pages) 1.50 2.25 4.50 
Vol. AP-3, No. 4: October 1954 (36 pages) 1.50 2.25 4.50 

Audio PGA-5: Design Interrelations of Records and Re- 
producers (8 pages) 

.30 .45 .90 

PGA-7: Editorials, Technical Papers, and News, 
May 1952 (47 pages) 

.90 1.35 2.70 

PGA-10: November-December 1952 (27 pages) .70 1.05 2.10 
Vol. AU-1, No. 1: January-February 1953 (24 
pages) 

.60 .90 1.80 

Vol. AU-1, No. 2: March-April 1953 (34 pages) .80 1.20 2.40 
Vol. AU-1, No. 3: May-June 1953 (34 pages) .80 I. 20 2.40 
Vol. AU-1, No. 4: July-August (19 pages) .70 1.05 2.10 
Vol. AU-1, No. 5: September-October 1953 ( 11 
pages) 

.50 .75 1.50 

Vol. AU-1, No. 6: November-December 1953 (27 
pages) 

.90 1.35 2.70 

Vol. AU-2, No. 1: January-February 1954 (38 
pages) 

1.20 1.80 3.60 

Vol. AU-2, No. 2: March-April 1954 (31 pages) .95 1.40 2.85 
Vol. AU-2, No. 3: May-June 1954 (27 pages) .95 1.40 2.85 
Vol. AU-2, No. 4: July-August 1954 (27 pages) . 95. 1.40 2.85 
Vol. AU-2, No. 5: September-October 1954 (22 
pages) 

.9S 1.40 2.85 

Broadcast and PGBTR-1: Round-Table Discussion on UHF TV .50 .75 1.50 
Television 
Receivers 

Receiver Considerations, 1952 IRE National Con-
vention ( 12 pages) 
PGBTR-3: June 1953 (67 pages) 1.40 2.10 4.20 
PGBTR-5: January 1954 (96 pages) 1.80 2.70 5.40 
PGBTR-6: April 1954 ( 119 pages) 2.35 3.50 7.00 
PGBTR-7: July 1954 (58 pages) 1.15 1.70 3.45 
PGBTR-8: October 1954 (20 pages) .90 1.35 2.70 

Circuit Theory PGCT-1: IRE Western Convention, August 1952 1.60 2.40 4.80 
(100 pages) 
PGCT-2: Papers presented at the Circuit Theory 1.95 2.00 5.85 
Sessions of the Western Electronic Show and Con-
vention, San Francisco, California, August, 19-21, 
1953, ( 106 pages) 
Vol. CT-1, No. 1: March 1954 (80 pages) 1.30 1.95 3.90 
Vol. CT-1, No. 2: June 1954 (39 pages) 1.00 1.50 3.00 
Vol. CT-1, No. 3: September 1954 (73 pages) 1.00 1.50 3.00 
Vol. CT-1, No. 4: December 1954 (42 pages) 1.00 1.50 3.00 

Communica- 
fions Sys-
tems 

Vol. CS-2, No. I: January 1954 (83 pages) 1.65 2.50 4.95 

Component PGCP-1: March 1954 (46 pages) 1.20 1.80 3.60 
Parts PGCP-2: September 1954: Papers presented at 

the Component Parts Sessions at the 1954 Western 
2.25 3.35 6.75 

Electronic Show and Convention, Los Angeles, 
California (118 pages) 

Electronic Vol. EC-2, No. 2: June 1953 (27 pages) .90 1.35 2.70 
Computers Vol. EC-2, No. 3: September 1953 (27 pages) .75 1.10 2.25 

Vol. EC-2, No. 4: December 1953 (47 pages) 1.25 1.85 3.75 
Vol. EC-3, No. 1: March 1954 (39 pages) 1.10 1.65 3.30 
Vol. EC-3, No. 2: June 1954 (65 pages) 1.65 2.45 4.95 
Vol. EC-3, No. 3: September 1954 (54 pages) 1.80 2.70 5.40 
Vol. EC-3, No. 4: December 1954 (46 pages) 1.10 1.65 3.30 

_ 

* Public libraries, colleges, and subscription agencies may purchase at IRE member rate. 

(Continued on the following page) 
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TRANSACTIONS OF IRE PROFESSIONAL GROUPS 

Sponsoring 
Group 

(Continued) 

Publications 

Electron 
Devices 

Engineering 
Management 

Industrial 
Electronics 

Information 
Theory 

Instrumenta-
tion 

Medical 
Electronics 

Microwave 
Theory and 
Techniques 

Nuclear Science 

Reliability and 
Quality Con-
trol 

Telemetry and 
Remote 
Control 

Ultrasonics 
Engineering 

Vehicular 
Communica-
tions 

PGED-2: Papers on Electron Devices presented at 
the IRE National Conference on Electron Tube Re-
search, Ottawa, Canada, June 16-17, 1952, and 
IRE Western Convention, Long Beach (84 pages) 
PGED-4: December 1953 (62 pages) 
Vol. ED-1, No. 1: February 1954 (72 pages) 
Vol. ED-1, No. 2: April 1954 (75 pages) 
Vol. ED-I, No. 3: August 1954 (77 pages) 

PGEM-1: February 1954 (55 pages) 
PGEM-2: November 1954 (67 pages) 

PGIE-1: August 1953 (40 pages) 

PGIT-2: A Bibliography of Information Theory 
(Communication Theory-Cybernetics) (60 pages) 
PGIT-3: March 1954 ( 159 pages) 
PGIT-4: September 1954 (234 pages) 

PGI-2: Data handling Systems Symposium: IRE 
Western Electronic Show & Convention, Long 
Beach, California, August 27-29,1952 ( 111 pages) 
PGI-3: April 1954 (55 pages) 

PGME-1: November 1953 (40 pages) 

Vol. MTT-1, No. 2: November 1953 (44 pages) 
Vol. MTT-2, No. 1: Papers presented at the Micro-
wave Radio Relay Systems Symposium, New York 
N. Y., April 1954 (107 pages) 
Vol. MTT-2, No. 2: July 1954 (67 pages) 
Vol. MTT-2, No. 3: September 1954: Papers pre-
sented at the joint IRE Professional Group-URSI 
meeting held in Washington, D. C., May 5, 1954 
(54 pages) 

Vol. NS-1, No. 1: September 1954 (42 pages) 

PGQC-1: Papers presented at the 1951 Radio Fall 
Meeting, and 1952 IRE National Convention (58 
pages) 
PGQC-2: March 1953 (51 pages) 
PGQC-3: February 1954 (39 pages) 

PGRTRC-1: August 1954 (16 pages) 

PGUE-1: June 1954 (62 pages) 
PG17E-2: November 1954 (43 pages) 

PGVC-2: Symposium on What's New in Mobile 
Radio (32 pages) 
PGVC-3: Theme: Spectrum Conservation Wash-
ington, D. C., December 3-5,1952 (140 pages) 
PGVC-4: Design, Planning and Operation of Mo-
bile Communications Systems, June, 1954 (98 
pages) 

Group 
Mem-
bers 

$1.60 

1.30 
1.40 
1.40 
1.40 

1.15 
1.30 

1.00 

1.25 

2.60 
3.35 

1.65 

1.05 

1.05 

.90 
2.20 

1.25 
1.10 

.70 

1.20 

1.30 
1.15 

.85 

1.55 
1.05 

1.20 

3.00 

2.40 

IRE 
Mem-
bers 

$2.40 

1.95 
2.10 
2.10 
2.10 

1.70 
1.95 

1.50 

1.85 

3.90 
5.00 

2.45 

1.55 

1.55 

1.35 
3.30 

1.85 
1.65 

1.00 

1.80 

1.95 
1.70 

1.25 

2.30 
1.55 

1.80 

4.50 

3.60 

Non-
Mem-
bers* 

$4.80 

3.90 
4.20 
4.20 
4.20 

3.45 
3.90 

3.00 

3.75 

7.80 
10.00 

4.95 

3.15 

3.15 

2.70 
6.60 

3.75 
3.30 

2.00 

3.60 

3.90 
3.45 

2.55 

4.65 
3.15 

3.60 

9.00 

7.20 

* Public libraries, colleges and subscription agencies may purchase at IRE member rate. 

Technical Committee Notes 

The Facsimile Committee met at the 
Times Annex on December 10 with Vice 
Chairman A. G. Cooley presiding. The test 
chart and definitions being prepared by the 
committee were discussed. 

The Audio Techniques Committee met 
at IRE Headquarters on December 15 with 
Chairman D. E. Maxwell presiding. The 
work of three new subcommittees was dis-
cussed and further revisions were made in 
the proposed Measurements Standard (on 
amplification, bridging loss, and insertion 
loss; power loss and transducer loss; attenu-

ation; transformer loss and transition loss). 
The Standards Committee met at IRE 

Headquarters on January 13 with Vice-Chair-
man Baldwin presiding in the morning and 
Chairman Weber presiding during the after-
noon session. The committee discussed pro-
cedure for IRE delegates in voting on ASA 
Standards, and considered two groups of 
definitions of ASA Sectional Committee C42. 
The committee voted to request that the 
IRE Executive Committee set up a Tech-
nical Committee on Radio Frequency Inter-
ference. The proposed Standards on Anten-
nas and Waveguides: Definitions for Wave-

guide Components were reviewed and con-
flicts with ASA C42 definitions were dis-
cussed at length. 

The Ad Hoc Committee on Terminology 
in Spurious Radiation Work met January 12 
with Chairman Wayne Mason presiding. 
Problems in terminology were discussed and 
definition for "extraneous emission" was ten-
tatively selected. 

The Ad Hoc Committee on Spurious Ra-
diation met on January 12 with R. F. Shea, 
Chairman, presiding. Mr. Shea described the 
tri-service sponsored conference on inter-
ference held in December in Chicago by the 
Armour Research Foundation. Mr. Glenn 
told of the work being done on open field 
measurements and screen room measure-
ments by IRE Subcommittee 17.4. Mr. 
Cumming announced that an Interference 
Symposium has been planned for the 1955 
IRE Convention. 

The committee voted to request the 
formation of a new technical committee on 
radio frequency interference. Work on inter-
ference done by Roy Abbett was not as-
signed to a technical committee at this time, 
so that developments on the new committee 
could be considered. 

The Radio Transmitters Committee met 
at IRE Headquarters on January 12 with 
Chairman P. J. Herbst presiding. The com-
mittee discussed definitions for terms in the 
field of spurious output. The committee con-
sidered the following proposed standards 
now being prepared by the various subcom-
mittees: proposed standards on pulses; 
methods of measurement of pulse quantities; 
proposed standards on monochrome televi-
sion transmitters; and proposed methods of 
testing radio-telegraph transmitters (below 
50 mc). The committee also discussed IRE 
published standards on radio transmitters 
which were in need of review and revision. 

The Navigation Aids Committee met 
on November 19 and on December 8 at IRE 
Headquarters, and H. R. Mimno presided. 
The committee continued work on the pro-
posed Standards on Direction Finder Meas-
urements. 

The Video Techniques Committee met 
at IRE Headquarters on November 29 
with Chairman W. J. Poch presiding. The 
committee discussed the IRE-RETMA 
spurious radiation program. Vice-chairman 
J. L. Jones reported on the recent progress 
made on the measurement of "differential 
gain" and "differential phase." 

P. H. Smith presided when the Antennas 
and Waveguides Committee met on Novem-
ber 17 at IRE Headquarters. The Commit-
tee discussed the proposed Definitions of 
Waveguide Components and the proposed 
Navigation Aids Definitions. It was noted 
that the Measurements of Waveguide Com-
ponents (in preparation) should be restricted 
to linear and reciprocal elements, and that 
the advice of the Circuits Committee should 
be requested on the use of "port" nomen-
clature. 

On December 1, the Industrial Elec-
tronics Committee met at IRE Head-
quarters, with Chairman J. E. Eiselein pre-
siding. The committee decided that the Pro-
fessional Group on Production Techniques 
should be notified of their desire to originate 
and sponsor IRE standard definitions, 
standard methods of test and measurements, 
and good engineering practices relating to 
automation, including automatic machinery 
for production of electronic equipment. 
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Abstracts of Transactions of the I.R.E 

The following issues of "Transactions" have recently been published, and 
are now available from the Institute of Radio Engineers, Inc., 1 East 79th 
Street, New York 21, N. Y. at the following prices. The contents of each issue 
and, where available, abstracts of technical papers are given below. 

Sponsoring Group Publication 

Antenna and Propa-
gation 

Broadcast and Tele-
vision Receivers 

Electron Devices 

Group IRE Non-

Members Members Members* 

Vol. AP-3, No. 1 $1 60 $2.40 $4.80 

Vol. BTR-1, No. 1 $1.25 $1.85 $3.75 
Vol. ED- 1, No. 4 $3.20 $4. 80 $9 . 60 

* Public libraries and colleges may purchase copies at IRE Member rates. 

ANTENNAS AND 

PROPAGATION 

Vol. AP-3, No. 1, January, 1955 

News and Views 

Double Parabolic Cylinder Pencil-Beam 
Antenna—R. C. Spencer, F. S. Holt, H. M. 
Johanson, and J. Sampson 

Radiation from a point source placed on the 
focal line of a parabolic cylinder is reflected in 
succession from this cylinder and from a second 
parabolic cylinder crossed so that its focal line 
coincides with the directrix of the first cylinder. 
The two reflections result in a parallel beam. 
The theory is applicable to both microwaves 
and light. The advantages of shipping the 
cylinders in the form of flat sheets and the pos-
sibilities of independent control of horizontal 
and vertical beamwidths and shapes are 
pointed out. Experimental models have been 
built and tested. 

An Atmospheric Analyzer—P. F. Smith 
The enormously powerful radiation from 

lightning discharges has been used as a tool for 
the study of the ionosphere at very low frequen-
cies. Previous workers have calculated the 
height of the ionosphere and the distance to 
the radiation source by application of the ray 
theory of multiple ionospheric reflections. Time 
measurements for use in the height and dis-
tance formulas were obtained by direct meas-
urement of recorded oscillograms. Time resolu-
tion was limited and the calculations were ex-
tremely tedious. 

This paper describes a complete system 
which records the received atmospheric wave 
form and simultaneously derives a plot of the 
time intervals between peaks of the wave form 
vs time. The time-interval plot greatly facili-
tates data reduction by means of a simple 
curve-fitting technique. Accuracy of measure-
ment of height and distance is limited chiefly 
by the validity of the multiple reflection theory 
and the assumption of a simple layer structure 
in the ionosphere. The time differences are 
measured more accurately than is ordinarily 
possible with direct measurement on the wave-
form. The system automatically derives fre-
quency-time plots for whistling atmospherics 
and relates the whistler to preceding im-
pulsive atmospherics. Consumption of photo-
graphic film is low. The system can be used to 
visually monitor tape-recorded atmospherics. 
A Single-Control Tuning Circuit for Elec-

trically Small Antennas—R. E. Webster 
It is often desirable to tune electrically 

small antennas at their feed terminals. An «L» 
matching circuit for this purpose is considered. 

It is shown that one fixed element and one 
variable tuning element are adequate for cer-
tain small antennas. The manner in which 
losses affect the circuit efficiency and the single-
control tuning feature is discussed. Application 
of the technique to a tunable cavity antenna is 
noted. 

Design of Line-Source Antennas for Nar-
row Beamwidth and Low Side Lobes—T. T. 
Taylor 

It is well known that the phenomenon of 
radiation from line-source antennas is very 
similar to that of the diffraction of light from 
narrow apertures. Unlike the optical situation, 
however, antenna design technique permits the 
use of other-than-uniform distributions of field 
across the antenna aperture. Line source syn-
thesis is the science of choosing this distribution 
function to give a radiation pattern with pre-
scribed properties such as, for example, narrow 
angular width of the main lobe and low side 
lobes. In the present article the mathematical 
relationships involved in the radiation calcula-
tion are studied from the point of view of func-
tion theory. Some conclusions are drawn which 
outline the major aspects of synthesis tech-
nique very clearly. In particular, the problem 
of constructing a line source with an optimum 
compromise between beamwidth and side-lobe 
level (analogous to the Dolph-Tchebycheff 
problem in linear array theory) is considered. 
The ideal pattern is cos reV.42-24.2, where 
u=(2a/X) cos 0, a is the half-length of the 
source, and cosh 7rA is the side-lobe ratio. Be-
cause of theoretical limitations, this pattern 
cannot be obtained from a physically realizable 
antenna; nevertheless its ideal characteristics 
can be approached arbitrarily closely. The pro-
cedure for doing this is given in detail. 

On the Input Conductance of Thin Anten-
nas—G. Barzilai 

Input conductances of thin antennas are 
computed by evaluating separately input 
voltage and radiated power for a prescribed 
value of the current near the maximum. The 
current distribution required to evaluate the 
radiated power and the input voltage is ob-
tained by solving Hallèn's equation for the 
prescribed value of the current. First and sec-
ond order computations were carried out for 
full wave antennas, and the results compared 
with those obtained by others. 

Theory of Radio Reflections from Electron. 
Ion Clouds—Von R. Eshleman 

Approximations to the reflection coefficients 
of electron-ion clouds of various sizes, shapes, 
and densities are determined. A simplified ap-
proach to the problem is employed, wherein 
the total reflection from the low-density clouds 
is computed by summing the scattered wave-
lets from the individual electrons, while the 

• 

high-density clouds are treated as total re-
flectors at the critical density radius. Some of 
the limitations of this method are discussed. 
While more elaborate determinations should be 
used in certain regions of cloud size and dens-
ity, the method used here provides an over-
all, first order approximation of the effects of 
size, shape, and density on the reflecting prop-
erties of electron-ion dotais. Several possible 
applications of the theoretical results are out-
lined. 

Discussion on Optimum Patterns for End-
fire Arrays—R. L. Pritchard 

The method of synthesizing an equal-minor-
lobe directivity pattern suggested by Riblet for 
the broadside array was applied recently by 
DyHamel to the case of the endfire array. In 
the present paper, an alternative synthesis 
procedure is described, based directly on 
Dolph's method of synthesis for the broadside 
array. Advantages of this alternative procedure 
include (a) applicability to arrays having even 
as well as odd numbers of elements and (b) 
somewhat simpler equations for calculating 
relative currents for the elements of the array. 
This alternative procedure is described here in 
detail together with numerical examples for 
the seven-element array used by DuHamel and 
for a four-element array. A tabulation of equa-
tions for relative current amplitudes for arrays 
of 5, 7, 9, 11, and 13 elements is given in an 
Appendix. In conclusion, an alternative method 
of overdesigning a supergain antenna is de-
scribed. 

AUDIO 

Vol. AU-3, No. 1, Jan.—Feb., 
1955 

D. W. Martin (Editorial) 
PGA News 
List of Chapter Chairmen, IRE Professional 

Group on Audio 
Correction to "Equivalent Circuit Analysis 

of Mechano-acoustic Structures," B. B. Bauer 
Equalization of Tone Controls on Phono-

graph Amplifiers—F. H. Slaymaker 
The necessity for equalization in phono-

graph amplifiers is explained, and numerous 
examples are given. The difference between the 
action of equalization controls and tone con-
trols is explained. Examples are shown in terms 
of response curves for a particular amplifier. 

The Manufacture of High-Fidelity Mag-
netic Tape Records—R. C. Moyer 

The equipment used in the manufacture of 
magnetic tape records by RCA is described. 
The choice of tape speed, track width, and pre-
emphasis used is explained, and the desirability 
of standardization on these possible variables 
is emphasized. 

Loudspeakers and Microphones—Leo L. 
Beranek 

This paper covers the development of loud-
speakers and microphones and gives many 
illustrations of commercially available units 
dating from 1915 to the pi esent time. 

BROADCAST AND TELEVISION 

RECEIVERS 

Vol. BTR-1, No. 1, January, 
1955 

A Simple Method of Phase Compensation 
of Video Delay Lines—D. A. Gillen 
A new method of phase compensation of 

delay lines of the distributed constant type is 
described in detail. This method produces a 
simple, compact line having superior phase and 
response characteristics. The phase compensa-
tion is effected by using inductive coupling 
within the line in the proper amount and phase 
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to achieve the desired correction. Such coupling 
does not introduce additional losses into the 
line and therefore the frequency response of the 
line, is not impaired by the introduction of the 
compensating means. Steady state and tran-
sient response measurements on various types 
of lines made using the above principle are 
shown and a practical method of designing a 
line to meet a given set of conditions is de-
scribed. 

Optimum Crystal Mixer Operation—The 
1N82 Crystal—S. Deutsch 

The dc voltage-current characteristic and 
the 10 mc/sec. noise temperature ratio of a 
group of 1N82 crystals were measured. The 
data thus obtained make it possible to calcu-
late the condition for optimum mixer operation 
of the 1N82 crystal. 

The most unpredictable element in the de-
sign of a television UHF tuner employing a 
crystal mixer is the image-frequency imped-
ance, Z. Various quantities are accordingly 
plotted, as a function of Z, as the latter goes 
from zero to infinity in the resistance domain. 
For example, for an average 1 N82 crystal, the 
optimum rf source resistance ranges from 397 
to 801 ohms, the minimum conversion loss 
ranges from 3.32 db to 4.71 db, the optimum 
mismatch ranges from 2.02 to 2.74, and the IF 
output resistance ranges from 397 to 2031 
ohms. The latter factor has proven to be ex-
tremely troublesome in television uhf tuners. 

The average 1N82 noise temperature ratio, 
at 10 mc/sec, was found to be 4.9. This leads 
to a mixer noise temperature ratio, as a function 
of Z;, of from 1.39 to 1.84 at 30 mc/sec. Finally, 
a set of curves is shown giving the optimum 
intermediate frequency and minimum mixer— 
IF amplifier noise figure for various 30 mc/sec. 
IF noise figures. 

The method of analysis used here is ap-
plicable to any diode mixer. The minimum 
mixer—IF amplifier noise figure values will 
indicate the degree of success of any given 
1N82 tuner design. In addition, the curves 

show that certain mixer circuit configurations 
are superior to others. 
A New Self Oscillating Frequency Con-

verter—D, E. Sunstein 
A frequency converter utilizing the auto-

dyne principle has been developed which has a 
feature not normally expected of the autodyne, 
namely, the ability to accommodate an auto-
matic gain control signal. This ability is 
achieved by causing the amplitude of the oscil-
lations to be controlled by an element external 
to the non-linear device doing the frequency 
converting. Conversion gain, noise perform-
ance, image rejection, as well as oscillator radi-
ation, are generally equivalent to or better than 
that of the standard pentagrid circuits at 
broadcast band frequency. 

Color Purity in Ungated Sequential Dis-
plays—G. S. Ley 

(Paper given al Radio Fall Meeting, Syra-
cuse, New York, October 18, 1954) 

Color purity of ungated sequential displays 
involving the modification of the NTSC signal 
and the addition of harmonics is discussed. It is 
shown that in an idealized case of a continuous 
color sequence display very good color ac-
curacy can be obtained by the addition of only 
the second harmonic of the color writing fre-
quency. It is compared with an idealized re-
versing color sequence display using second 
harmonic only and another including fourth 
harmonic. 
A block diagram of a receiver to give the 

continuous color sequence is given. 
The Practical Aspects of the Color Subcar-

rier Synchronization Problem—Wolf J. Gruen 
This paper deals with the behavior of dif-

ferent color subcarrier synchronizing circuits. 
These circuits include the simple AFC circuit, 
the hunting AFC circuit, the narrow-band--
wide-band AFC circuit, and the crystal filter 
followed by balanced diode synchronous de-
tectors. An evaluation of these circuits with 
respect to reliability of performance and sim-
plicity of operation is presented. 

The Second Detector—A Determinant of 
Fringe-Area Performance—J. E. Bridges 

The linear diode detection process is shown 
to have an important influence on the per-
formance of AM and television receivers in the 
fringe area. The diode detection process can 
seemingly increase selectivity; can, apparently, 
overload; and can, in effect, generate noise. 
Principal factors are the carrier-to-noise ratio, 
IF amplifier response, location of the carrier 
within the IF response, frequency of the modu-
lating signal, and the degree of modulation. 
Special detection circuits which minimize un-
desired by-products of the detection process are 
capable of small improvements in the perform-
ance of television receivers in the fringe area. 
A UHF-VHF Tuner Using Pencil Tubes— 

W. A. Harris and J. J. Thompson 
The use of pencil tubes in a television tuner 

covering all channels in the uhf and vhf bande 
is discussed. The input and output resonant 
frequencies of the pencil tubes are high enough 
to allow the use of shunt-tuned circuits in a 
uhf-vhf tuner, and the feedback inductance is 
low enough to insure stability in the required 
frequency ranges. The shunt-tuning method 
has the advantages of providing small over-all 
dimensions and a moderate number of switch-
ing components. 

The paper includes discussion of the meas-
urements of the tube characteristics at high 
frequencies and the use of such data in the de-
sign of the tuner circuits. 

ELECTRON DEVICES 

Vol. ED-1, No. 4, December, 
1954 

Symposium on Fluctuation Phenomena in 
Microwave Sources, November 14-18, 1954, 
New York, N. Y. 

For contents and abstracts of papers, see 
Paoc. I.R.E., pp. 1577-1580, October, 1954. 
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U.D.C. CHANGES 

In anticipation of a new edition of the Uni-
versal Decimal Classification Abridged English 
Edition (BS 1000 A), certain changes in U.D.C. 
numbers will be made in this and subsequent 
issues. The new numbers used will be: 

Radio astronomy: 523.16 
Ultrasonics: 534 subdivisions with the spe-

cial analytical subdivision -8 attached. 
Sound recording and reproducing: 534.85 
Electroacoustic problems, transduction, 

etc.: 534.86. 

ACOUSTICS AND AUDIO 
FREQUENCIES 

534.121.1 311 
Excitation of Flexural Vibrations in Metallic 

Plates using Polycrystalline Barium Titanate— 
I. S. Zheludev. (Zh. tekh. Fiz., vol. 24, pp. 1467-
1473; August, 1954.) Production of Chladni's 
figures with square Fe, Al and duralumin plates 
is described. The BaTiO3 powder is fixed in a 
given pattern in an adhesive between the plate 
and appropriately shaped foil electrodes, and is 
then polarized. The observed frequencies of 
vibration are in good agreement with values 
calculated from the Ritz formula; frequencies 
between 450 cps and 20.3 kc were produced. 

534.213.4 312 
A New Method of Computing Acoustical 

Filters—W. K. R. Lippert. (Acustica, vol. 4, 
no. 4, pp. 411-420; 1954.) Filters consisting of 
n equal sections, with nonreflecting output 
duct, are considered. Each section consists of 
an input and output duct of uniform cross sec-
tion with a discontinuity between them. For 
loss-free filters, the characteristic transmission 
and reflection factors may be expressed in 
terms of B and a, where the transmission factor 
for a single section is T= Be'. Graphs are 
drawn for the corresponding quantities for 2, 
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3 and 4 sections. Measured and computed 
values for a filter with two rectangular bends, 
i.e. with. two sections, are in satisfactory agree-
ment. The characteristic factors for a filter 
with a reflecting output duct or with dissimilar 
sections may be derived from the fundamental 
case. 

534.232:538.652 313 
Some Remarks on the Analysis of Magnet-

ostrictive Transducers—H. Neltvedt. (A cus-
tica, vol. 4, no. 4, pp. 432-438; 1954.) From 
the energy conditions in the system, an ex-
pression for the coupling coefficient is derived 
and used in plotting a curve of coupling-co-
efficient/polarizing-field for a Ni rod. Equiva-
lent circuits of the rod are considered, and the 
analysis of either the admittance or impedance 
diagrams is shown to give the transducer oper-
ational parameters. 

534.24-14 314 
Radiation Pressure in Fluids—J. Mercier. 

(Acustica, vol. 4, no. 4, pp. 441-446; 1954. 
In French.) Radiation pressure is treated as a 
vector quantity equal to the product of the 
excess pressure and the velocity of displace-
ment of a section of a plane wave. In the case 
of reflection from an obstacle, it must be cal-
culated separately for incident and reflected 
waves. The cases of plane waves in an absorbent 
medium and spherical waves are also consid-
ered. 

534.833.4 315 
Sound Transmission through Spherical 

Bosses—A. Bergassoli, F. Canac and T. Vogel. 
(Acustica, vol. 4, no. 4, pp. 403-405; 1954. 
In French.) The frequency response curves for 
sound transmitted through (a) a hollow 
spherical boss, and (b) a disk having the same 
base dimensions were obtained. One plexiglass 
and three Al bosses were used, with different 
radii of curvature and/or heights. Sound insu-
lation is considerably improved at frequencies 
below 1,000 cps by using a boss. Simple theory 
can account fairly well for these results. 

534.844 316 
The Acceptability of Artificial Echoes with 

Reverberant Speech and Music—A. F. B. 
Nickson, R. W. Muncey and P. Dubout. 
(Acustica, vol. 4, no. 4, pp. 447-450; 1954.) 
An artificial echo of adjustable intensity level 
and delay was added to speech and music 
signals. The subjectively determined accept-
able-echo-level/delay relation is dependent on 
(a) the Haas effect (Acuslica, vol. 1, pp. 49-58; 
1951) for delay times up to 50 ms, (b) natural 
echoes in the recording room for the next few 
hundred milliseconds, and (c) the dynamic 
range of the program material for longer delay 
times. 

534.86 317 
Facilities for the Sound Recording and Ob-

servation of Interviews—G. F. Mahl, J. Doll-
ard and F. C. Redlich. (Science, vol. 120, pp. 
235-239; August 13, 1954.) The special condi-
tions to be considered in relation to the record-
ing of psychotherapeutic interviews are dis-
cussed. An installation at Yale University com-
prises a suite of two interviewing rooms with 
individual control rooms, and a waiting room 
forming a sound lock. Details are given of the 
low-noise air-conditioning system. A dia-
phragm-blanket acoustic treatment renders 
the sound natural although the rooms are 
quiet. 

621.395.623.7 318 
Loudspeakers and Enclosures—(Audio, 

vol. 38, pp. 27-28, 55; August, 1954.) A com-
prehensive survey, in simple terms, of the con-
struction and operation of modern loudspeak-
ers, including baffles and combination systems. 

621.395.623.743 319 
Electrostatic Speaker accents High Fre-

quencies—M. Hobbs. (Electronics, vol. 27, 
pp. 143-145; November, 1954.) A loudspeaker 
for the range 7-15 kc comprises a stiff curved 
perforated copper-backed plate mounted rig-
idly with a gold-sprayed styroflex or poly-
ethylene foil stretched over it, the capacitor 
thus constituted has a capacitance of about 
4maf. A polarizing voltage of the order of 250 

is required. The arrangement provides an 
economical design for radio receivers, used in 
conjunction with a cone loudspeaker for the 
lower frequencies. 

621.395.625.3 320 
New Portable Magnetic Recorder Type 

R85 for Commentariee—K. E. Gondesen. 
(Tech. Hausntili. NordwDtsch. Rdfunks, vol. 
6, nos. 5/6, pp. 127-132; 1954.) The electric-
ally driven recorder, amplifier unit and bat-
teries are combined in a suitcase model weigh-
ing about 10 kg. The tape runs at 19 cm and 
reverses mechanically. One amplifier deals with 
recording and erasing, a separate one with re-
production and modulation control. A spool 
runs for 30 minutes and the accumulator which 
drives the motor permits continuous operation 
for four hours. 

ANTENNAS AND TRANSMISSION 
LINES 

621.315.212:621.372.51:621.396.67 321 
New Antenna Coupler for U.H.F. Circuits— 

R. I. Stainbrook. (Tele-Tech, vol. 13, pp. 86-
88, 181; August, 1954.) Coupling units for the 
230-390-mc frequency band comprising cut-
away coaxial-line sections are described. These 
couplers, when arranged in groups of 2-6 units, 
provide a system in which 2-6 transmitters, re-
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ceivers and/or transmitter-receivers can oper-
ate simultaneously on a single antenna. The 
insertion loss for each one of a 6-unit group is 
0.66 db. 

621.372.2+621.372.8 322 
The Transformation Properties of Lossless 

Six-Terminal Networks between Homogene-
ous Transmission Lines, their Representation 
by a Six-Terminal-Network Surface and their 
Significance in Measurement Technique—H. 
Lueg. (Arch. elekt. übertragung, vol. 8, pp. 331-
.340; August, 1954.) The transfer characteris-
tics of a six-terminal network representing a 
waveguide junction are derived by a matrix 
treatment and a three-dimensional surface is 
constructed, projection of which on to an ap-
propriate plane gives the position of a voltage 
node on the input line as a function of the loca-
tion of short circuits on the other two lines. 
Using the double-short-circuit technique [2850 
of 1954 (Weissfloch)] input impedance can be 
determined directly by plotting a single curve. 
Power distribution between the outputs is dealt 
with and a method of determining parameter 
values for the equivalent circuits is illustrated. 

621.372.2 323 
The "Unit" Treatment of Impedance Ir-

regularities and its Applicarion to Long Lines---
A. Rosen. (Proc. IRE, part IV, vol. 101, pp. 
271-289; August, 1954. Digest, ibid., part Ill, 
vol. 101, pp. 349-356; September, 1954.) Line 
irregularities are studied by a statistical 
method alternative to that based on correla-
tion theory. It is assumed that the irregulari-
ties are built up of units each of which has a 
characteristic form; this may be produced by 
one independent physical factor operating 
over its own characteristic distance, but the 
amplitudes of the resulting unit irregularities 
occurring at different places along the line 
may be different, each being independent of 
any other. The length of the unit irregularity 
is assumed to be small compared with the 
length of the line, so that the attenuation over 
this length can be neglected. The procedure is 
to assemble a family of lines in which the am-
plitudes of the units are distributed at random 
and in which the units can occupy all positions 
with equal probability; the mean and mean-
square values of the reflection and transmitted-
echo coefficients for this family are calculated. 
The method is used to examine the effects of 
line irregularities on wide-band telephony and 
television transmissions. Results indicate that 
while the smoothness of the input-impedance/ 
frequency characteristic is a suitable criterion 
for the regularity of coaxial-cable sections for 
telephony, this should be supplemented by 
pulse-reflection observations if the cable is 
intended for television. See also 1295 and 1668 
of 1954. 

621.372.2 324 
Lower Modes of a Concentric Line having 

a Helical Inner Conductor—L. Stark. (Jour. 
Ape Phys., vol. 25, pp. 1155-1162; Septem-
ber, 1954.) Analysis is plesented using cylin-
drical coordinates, the helix being assumed for 
convenience to have the form of an infinitely 
thin tape. Closed expressions are derived for the 
propagation factors of some of the lower modes. 
Numerical results are presented for a system 
with typical geometry. 

621.372.2 325 
Directional Electromagnetic Couplers— 

B. M. Oliver. (PRoc. I.R.E., vol. 42, pp. 1686-
1692; November, 1954.) General theory is 
given for the directional coupling action of 
ordinary transmission lines. Simple trans-
mission-line couplers for the 1-mc-l-kmc band 
are discussed; the transmission characteristic 
is controlled by varying the coupling along the 
lines. An arrangement of four wires, or two 
wires and ground, is described which can serve 
simultaneously as directional coupler, filter 
and transformer. 

621.372.2+538.5661:621.3.012 326 
New Chart for the Solution of Transmission-

Line and Polarization Problems—G. A. Des-
champs. (Elec. Commun., vol. 31, p. 188; 
September, 1954.) Addendum to 965 of 1954, 
acknowledging earlier work by Steiner ( 1361 of 
1947). 

621.372.2.029.6 327 
Contribution on the Physics of the Multi-

layer Transmission Line—W. Wild, H. Larsen 
and W. Ebrel. (Arch. ele/e!. übertragung, vol. 
8, pp. 346-352; August, 1954.) A laminated co-
axial line with five conducting layers is treated 
as four elementary pairs each of which is 
coupled to its neighbors by the impedance of 
the common conducting lamina. Taking ac-
count of this coupling, and assuming a uniform 
propagation coefficient, analysis shows that 
(a) resistive losses are low, since each conductor 
carries only the difference of the transmission 
currents of two adjacent pairs; (b) towards the 
center of the stack of laminae these trans-
mission currents increase steadily while the 
conductor currents tend to zero. This result 
is generalized to apply to any number of lay-
ers; the coupling impedance greatly affects the 
magnitude and frequency characteristic of the 
line attenuation. Methods of coupling a lam-
inated line to a two-wire system are briefly con-
sidered. 

621.372.2.029.6 328 
Input and Output Couplings for Coaxial 

Laminated Transmission Lines—H. Kaden 
and H. E. Martin. (Arch. ele/e!. übertragung, 
vol. 8, pp. 387-403; September, 1954.) An 
examination is made of the energy loss due to 
mode conversion when a laminated line is ex-
cited by coupling it to a coaxial line. For a 
laminated line without metal core this loss is re-
duced to a minimum value of 0.064 N by mak-
ing the radius of the inner conductor of the 
coaxial line 26.8 per cent and the inner radius 
of the outer conductor of the coaxial line 91.7 
per cent of the radius of the laminated line. 
For a laminated line with metal core and radius 
ratio 3.65 the corresponding values are 0.0503 
N, 39.8 per cent and 92.7 per cent. If in addi-
tion losses due to reflections at the junctions are 
eliminated by inserting transforming sections, 
total coupling loss at sending and receiving 
ends can be reduced to 0.128 N and 0.106 N 
respectively. The mode conversion losses can 
be further reduced by applying different poten-
tials to the laminations; the design of networks 
for supplying these potentials is discussed. 

621.372.8 329 
Reciprocity Theorem applied to Wave-

guide Junctions with Elliptical Polarization— 
G. Pircher. [Comp!. Rend. Acad. Sci. ( Paris), 
vol. 239, pp. 694-696; September 20, 19541 
Matrix analysis is presented based on con-
sideration of the combined effects, at a refer-
ence plane in each waveguide arm, of the waves 
traveling towards and reflected from the junc-
tion, each of which can be represented either by 
a pair of orthogonal linearly polarized com-
ponents, or by a pair of components with oppo-
site directions of rotation. 

621.372.8 330 
An Estimation of the Discontinuities intro-

duced by Flange Couplings in Rectangular 
Waveguides—R. B. Nicholls. (Elliott Jour., 
vol. 2, pp. 140-143; August, 1954.) From meas-
urements made with couplings displaced ab-
normally sideways and with relatively large 
gaps left between flanges, theoretical predic-
tions can be checked and the effects of smaller 
discontinuities estimated. Transverse displace-
ments and twists occurring in flanged guides 
made to present dimensional tolerances are 
found to be of minor significance, but even 
small gaps (e.g. 0.001 inch at 3 cm X) may give 
rise to serious reflections. 

621.372.8 331 
Propagation of Electromagnetic Waves 

over Plane Surface with Anisotropic Homo-
geneous Boundary Conditions—M. A. Miller 
[Comp! Rend. Acad. Sei. (URSS), vol. 87, pp. 
571-574; December 1, 1952. In Russian.] The 
surfaces considered are corrugated wave-
guides consisting of an assembly of thin paral-
lel metal strips mounted on a metal base with 
or without guiding walls, as described by Rot-
man (33 of 1952). The dependence of the prop-
agation modes on the ratio of surface react-
ance components is discussed. 

621.372.8:621.318.134 331 
Propagation of Transverse Electric (TE) 

Waves in a Waveguide containing Ferrites-
A. Chevalier and E. Polacco. [Comp!. Rend. 
Acad. Sel. ( Paris), vol. 239, pp. 692-693, Sep-
tember 20, 1954.] Analysis is presented for the 
TErn,, mode propagated in a rectangular wave-
guide with an applied magnetic field perpen-
dicular to the direction of propagation and 
parallel to the guide thickness. 

621.396.67:621.372.8 333 
Application of Homogeneous Boundary 

Conditions in the Theory of Thin Aerials-
M. A. Miller. (Zh. Te/eh. Fiz., vol. 24, pp. 1483-
1495; August, 1954.) Theory of thin antennas 
and of slot radiators is applied to the case of 
antennas with given homogeneous anisotropic 
boundary conditions of the type 
Ei= -Z2H.IE where Z1 and Z2 are different 
complex impedances which can be considered 
as components of the tensor of surface imped-
ance Z; s and are orthogonal coordinates on 
the surface of the antenna Z. Such boundary 
conditions can be formulated for the interface 
of two media if the structure of the field in one 
medium is known and is independent of the 
structure of the field in the other medium (331 
above). The formulas derived are applied to the 
case of a disk-loaded cylindrical waveguide-
section, the dimensions of the disks being 
small compared with X, and to a rectangular 
corrugated waveguide element in the form of a 
short trench. 

621.396.673 334 
The Characteristics of a Vertical Antenna 

with a Radial Conductor Ground System-
J. R. Wait and W. A. Pope. (Ape set. Res., 
vol. B4, no. 3, pp. 177-195; 1954.) An approxi-
mate method is presented for calculating the in-
put impedance; graphical methods are used in 
evaluating integrals involved in the solution. 
Results are plotted to show the dependence of 
the impedance on the number and length of the 
radial conductors for given frequency, antenna 
height and ground conductivity. The presence 
of the ground system modifies the radiated 
fields by only a few parts in a hundred under 
usual conditions. Calculated values for a 250-
foot mast are in good agreement with experi-
mental results for operation at 100 kc. 

621.396.676:621.396.93 335 
Ultra-High-Frequency Omnidirectional An-

tenna Systems for Large Aircraft—W. Sichak 
and J. J. Nail. (Elec. Commun., vol. 31, pp. 
202-213; September, 1954.) Reprint. See 2568 
of 1954. 

621.396.677 336 
On the Optimum Illumination Taper for the 

Objective of a Microwave Aerial—J. W. 
Crompton. (Proc. IEE, part III, vol. 101, pp. 
371-382; November, 1954.) "The Fourier-
transform description of the radiation pattern 
from an aperture is used to obtain curves re-
lating to over-all gain of an idealized antenna 
system, comprising an objective and wave-
guide flare, with the size and illumination of 
the aperture of the latter. For rectangular ob-
jectives the dimensions of the aperture of the 
flare may be varied independently in the two 
planes of symmetry and the over-all gain ob-
tained by multiplying together the gain factors 
for the distributions across the objective in 
these two planes. In the case of the circular 
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objective this no longer applies, but curves are 
drawn showing the variation of the gain of the 
system as the size of a symmetrical feed is 
varied by equal amounts in the two planes of 
symmetry. It is shown that maximum over-all 
gain is obtained with a rectangular objective 
when the size of the feed is adjusted to give a 
primary pattern such that the illumination in-
tensity at the edges of the objective is 84 db 
below that at the center. The corresponding 
optimum taper for circular objectives is 114 db. 
Primary radiation-patterns are drawn for 
'constant,' cosine' and 'double-cosine' illumi-
nations of the feed aperture. The variations 
of secondary beam-widths and first side-lobe 
levels with feed size for rectangular and cir-
cular objectives are discussed." 

621.396.677.32 337 
Resonance in a System of Coupled Vibra-

tors and Tuning of "Wave-Channel" Aerials— 
D. M. Vysokovski. [compt. Rend. .4 cad. Sci. 
(URSS), vol. 97, pp. 659-662; August 1, 1954. 
In Russian.] The calculation of the mean length 
of the director elements of this Vagi-type an-
tenna to give maximum directivity is consid-
ered for the case of weak coupling between the 
elements, which are spaced at X/3. The useful 
range of element lengths is from about 0.46 X, 
which is optimum for one director, to about 
0.41 X, which is optimum for 20. 

621.396.677.71.012.12 338 
Polar Diagrams of Plane Slot Aerials— 

G. N. Kotschershewski. (Nachr Tech., vol. 4, 
pp. 272-274; June, 1954.) A vertical X/2 slot 
in a plane screen with dimensions of the order 
of one wavelength is considered as a magnetic 
dipole and an approximate expression is de-
rived for the current density distribution in 
the horizontal plane. Polar diagrams are con-
structed for the equatorial horizontal plane for 
radiation (a) on one side only and (b) on both 
sides of the slot; these agree closely with ex-
perimental results. 

621.396.677.833.2:535.42:538.566 339 
On the Radiation Pattern of a Paraboloid of 

Revolution—J. P. Schouten and B. J. Beukel-
man. (Ape Sci. Res., vol. B4, no. 3, pp. 137-
150; 1954.) The pattern is determined using 
the form of Huyghens' principle in which the 
field intensities in a given domain are expressed 
in terms of their tangential components on the 
boundary. Expressions involving infinite series 
of Bessel functions are obtained for the intensi-
ties of the distant field when an electric dipole 
is placed at the focus. 

AUTOMATIC COMPUTERS 

681.142 340 
A New German Differential Analyser for 

Differential Equations—A. Walther. (Z. Ver. 
Dtsch. lng., vol. 96, pp. 755-758; August 1, 
1954.) A mechanical instrument built for the 
Institute of Applied Mathematics, University 
of Bonn, and comprising 8 integrators. 

631.142 341 
A Curve Analyzer and General-Purpose 

Graphical Computer—C. S. French, G. H. 
Towner, D. R. Bellis, R. M. Cook, W. R. Fair 
and W. W. Holt. (Rev. Sci. Instr., vol. 25, pp. 
765-775; August, 1954.) The analog computer 
described comprises five photoelectric curve 
followers, two integrators, nine adding ampli-
fiers and a pen recorder. The independent vari-
able is represented by a low alternating voltage 
increasing linearly with time; the form of the 
equation is determined by the connections be-
tween the units, and the values of constants are 
set by potentiometers. 

681.142 342 
Harmonic Cancellation from Computing 

Voltage Source in Servo Analogue Computers 
—J. Alman. [Elec. Eng., (N.Y.), vol. 73, pp. 
711-713; August, 1954.] Analysis showing how 
harmonics of the carrier can be canceled out in 
the summing network of the servo amplifier 

by injecting appropriate harmonic signals into 
the quadrature rejection circuit. The analysis 
is valid for very small phase shift. The system 
is advantageous when harmonics cannot be 
sufficiently attentuated by filters. 

681.142 343 
Some Comparisons between Analogue and 

Digital Computers—W. E. Scott and A. C. D. 
Haley. (Jour. Brü. IRE, vol. 14, pp. 476-486; 
October, 1954.) The uses of analog and digital 
computers in industry are discussed and a 
large-scale machine of each class is described 
briefly. 

681.142 344 
Electronic Computers and Industrial Math-

ematics—B. D. Dagnall and R. L. Michaelson. 
(Jour. Brit. IRE, vol. 14, pp. 487-496; Oc-
tober, 1954.) The mode of operation of a high-
speed digital computer is described in func-
tional terms; programming procedure is illus-
trated in relation to typical applications. 

681.142 345 
The Application of Electronic Digital Cal-

culating Methods to Punched Card Machines 
—J. H. Lucas. (Jour. Brit. IRE, vol. 14, pp. 
497-503; October, 1954.) Principles of opera-
tion and design of the "Electronic Multiplying 
Punch" are discussed. An outline is given of the 
calculating process used for sterling and for 
decimal systems. 

681.142:621.314.63 346 
Welded Joints on Diodes reduce Computer 

Bulk—S. G. Lutz. (Electronics, vol. 27, pp. 
154-158; November, 1954.) Diode-mounting 
methods are discussed taking up the least pos-
sible space while affording adequate accessibil-
ity. By using spot welding, the diode leads can 
be shortened to < 1/4 inch. An elongated ma-
trix and a honeycomb arrangement accommo-
dating up to 128 diodes/in, are among the 
alternatives described. 

681.142: 621.385.012 347 
Making Use of Curved Characteristics for 

the Higher Types of Calculation in Electronic 
Computers—H. Harmuth. (Acta Phys. austri-
aca, vol. 8, pp. 332-337; July, 1954.) Where 
errors up to a few per cent are permissible, de-
liberate use can be made of the curvature of 
tube characteristics in analog computers. Cir-
cuits for multiplying, dividing, squaring and 
obtaining square roots are discussed. 

681.142:621.385.832 348 
The Design of an Electrodynamic Multi-

plier—E. M. Deeley. (Proc. IRE, part IV, vol. 
101, pp. 187-191; August, 1954. Digest, ibid., 
part II, vol. 101, pp. 344-345; June, 1954.) 
Development of a design described earlier 
[1977 of 1949 (Deeley and Mackay)] for use in 
a differential analyzer. 

CIRCUITS AND CIRCUIT 
ELEMENTS 

621.3.015.3: 621.316.5 349 
The Suppression of Switching Transients 

by a Shunt RC Circuit—E. A. Finlay. (Proc. 
IRE, part IV, vol. 101, pp. 266-270; August, 
1954. Digest, ibid., part II, vol. 101, pp. 575-
576; October, 1954.) A detailed analysis is pre-
sented of the phenomena occurring when 
apparatus including shunt capacitance is sud-
denly switched across a low-impedance source 
of power through a short transmission line; con-
ditions for the transient voltage in the shunt 
RC damping circuit to be nonoscillatory are 
deduced. It is proved that the current through 
the switch can be made unidirectional. Numer-
ical illustrations are given. 

621.3.018.75:621.387.4 350 
Fast Single-Channel Pulse Amplitude An-

alyser—W. L. Buys. (Jour. Phys. Radium, 
vol. 15, p. 582; July/September, 1954.) De-
signed for use with proportional or scintillation 
counters, the equipment has a channel-edge 

position stable to within +0.02v under opera-
tion for periods up to to hours. 

621.3.018.75:621.387.4 351 
Description of a Recording Instrument— 

P. Desneiges and A. Pages. (Onde élect., vol. 34, 
pp. 700-704; August/September, 1954.) The 
recorder was designed for operation with the 
pulse analyzer described by Guillon (39 of 
February). It has 25 channels each comprising 
a decade counter and em register; one unit is 
recorded in the nth channel for every train of 
n pulses. Details are given of circuits and 
operation. 

621.3.066.6 352 
Migration of Material in Silver and Plati-

num Contacts—E. Holm and R. Holm. (Z. 
angels'. Phys., vol. 6, pp. 352-361; August, 
1954.) An experimental investigation of de-
formation caused exclusively by the passage of 
current. 

621.314.2 353 
Component Design Trends—Iron-Core 

Transformers run Smaller and Hotter—F. 
Rockett. (Electronics, vol. 27, pp. 136-142; 
November, 1954.) A survey of the develop-
ments in core materials, coatings and insulat-
ing materials and of new construction methods 
which have in combination made possible a 50 
per cent reduction of size of iron-core compo-
nents over a period of about ten years while per-
mitting operation at much higher temperatures. 

621.314.7: [621.373.5 + 621.375.4 354 
Surface-Barrier-Transistor Measurements 

and Applications—R. J. Turner. (Tele-Tech., 
vol. 13, pp. 78-80, 165; August, 1954.) Circuits 
for determining the transistor characteristics 
are described and examplen of applications 
taking advantage of the high frequency cut-off 
of the surface-barrier transistor are given. 
These include a two-stage video amplifier of 
bandwidth 3.2 mc and gain 28 db, a bandpass 
amplifier for 5-55 mc with measured power 
gain of 12.2 db at 55 mc, a crystal-controlled 
oscillator delivering 400 pw at 50 mc with an 
efficiency of 25 per cent, a mixer with a con-
version gain, from 55 Inc to 5 mc, of 8.6 db, 
and a nonsaturating flip-flop circuit with rise 
time 0.07ns and fall time 0.15 gs. 

621.316.8:1621.317.353 + 621.396.822 355 
New Resistor Voltage-Coefficient Tester— 

L. A. Rosenthal and A. S. Louis. (Tele-Tech., 
vol. 13, pp. 62-64, 114; September, 1954.) The 
variation of resistance with applied voltage is 
determined from measurements of the third 
harmonic generated by the resistor on applica-
tion of a sinusoidal voltage. The basic circuit 
is described and some experimental results are 
given. The measurements of resistor noise at 
af is also briefly described. 

621.316.8.029.5 356 
The Design of a Radio-Frequency Coaxial 

Resistor—C. T. Kohn. (Proc. I EE, part IV, 
vol. 101, p. 299; August, 1954.) Discussion on 
2019 of 1954. 

621.316.84: 621.372.221 357 
On the Use of Commercial Wire-Wound 

Resistors in High-Level Video Amplifiers— 
A. J. Seyler. [Proc. IRE (Australia), vol. 15, 
pp. 219-227; September, 1954.] By compen-
sating the inherent inductance by means of 
a parallel RC network, commercial wire-wound 
resistors can be adapted for use in high-power 
video amplifiers. Practical arrangements are 
illustrated and results of measurements are 
compared with calculated values. 

621.316.86+621.316.891:621.396.822 358 
Measurements on Current Noise in Carbon 

Resistors and in Thermistors—K. M. vanVliet, 
C. J. van Leeuwen, J. Blok and C. Ris. (Phys-
ica, vol. 20, pp. 481-496; August, 1954.) Meas-
urements are reported on carbon and similar 
resistors in the frequency range from 2 cps to 
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1.2 mc, and on negative-temperature-coefficient 
thermistors between 2 cps and 50 kc. In carbon 
resistors the current noise is proportional to 
the square of the current (i) and inversely pro-
portional to approximately the first power of 
frequency (v). In thermistors the noise level is 
lower and the spectrum shows deviations from 
the 1/v relation. The spectral density in the 
part of the spectrum where the 1/v relation 
holds is proportional to I:1.2. This is in agree-
ment with measurements by Brophy (Jour. 
Appt. Phys., vol. 25, pp. 222-224; February, 
1954.) 

621.318.42 359 
Calculation of Iron-Cored Inductances for 

Direct Current—P. Ross. (Rev. gén. élect., 
vol. 63, pp. 551-559; September, 1954.) A 
method described by Kammerloher (29 of 
1949) is used. The position of the maximum is 
determined corresponding to the optimum gap 
length for laminations of given shape and size; 
variation of the maximum with number of 
ampere-turns is investigated. Examples are 
worked out. 

621.319.46 360 
A Fixed Gas-Dielectric Capacitor of High 

Stability—W. K. Clothier. ;Proc. IEE, part II, 
vol. 101, pp. 453-459; August, 1954.) Factors 
contributing to instability of capacitors are 
reviewed and design principles are proposed 
for parallel-plate types suitable for use under 
laboratory conditions. A 1,000-µpf capacitor 
embodying these principles is described; the 
performance figures indicate that a consider-
able gain in stability can be achieved without 
serious complication in design. 

621.37/.39.029.4:004.1 361 
Better Audio Specs Needed—N. Grossman. 

(Audio, vol. 38, pp. 36, 38; September, 1954.) 
The significance is explained of technical terms 
commonly used in catalogue descriptions of af 
amplifiers, loudspeakers and af output trans-
formers and a list is given of additional infor-
mation required for a full technical description 
of components and apparatus. 

621.37/.391.029.63/.64 362 
Microstrip Kit—(Elec. Commun., vol. 31, 

p. 214; September 1954.) Note of a commer-
cially available set of microstrip components 
permitting rapid construction of circuits for 
operation in the frequency range 1-8 kmc. 

621.372 363 
A Mathematical Technique for the An-

alysis of Linear Systems—J. R. Ragazzini and 
A. R. Bergen. (Pace. I.R.E., vol. 42, pp. 1645-
1651; November, 1954.) The technique of the 
a transformation developed for investigating 
sampled-data systems [ 1801 of 1953 (Ragazzini 
and Zadeh)] is applied to the numerical solu-
tion of continuous linear systems. A model of 
the linear system is devised in which sampling 
is introduced at some convenient point. A polyg-
onal approximation to the sampled function 
is reconstructed by means of a holding operator, 
and the output of the system is computed as a 
train of pulses. 

621.372 364 
Properties of some Wide-Band Phase-

Splitting Networks—M. Dishal. (Paoc. I.R.E., 
vol. 42, p. 1698; November, 1954.) Errors in 
the design equations presented by Luck ( 1614 
of 1949) are indicated and alternative methods 
of deriving the design parameters are men-
tioned. 

621.372 365 
The Return-Difference Matrix in Linear 

Networks—L. Tasny-Tschiassny. (Proc. LEE, 
part IV, vol. 101, pp. 299-300; August, 1954.) 
Discussion on 662 of 1954. 

621.372 366 
The Solution of a Certain Differential 

Equation—E. B. Moullin. (Proc. I EE, part 

IV, vol. 101, pp. 290-299; August, 1954. 
Digest, ibid., part I, vol. 101, pp. 204-206; 
July, 1954.) A method of obtaining approxi-
mate solutions to a class of nonlinear network 
problems is discussed. The method was de-
veloped in relation to the problem of a capacitor 
in series with a nonlinear resistor of the SiC 
type, and its application is illustrated by refer-
ence to this problem, the resistor character-
istic being assumed cubic and the applied volt-
age simple harmonic. An exact steady-state 
solution for this network is unobtainable, but 
an approximate solution is obtained by choos-
ing the constants in the formula for the voltage 
across the resistor such that the applied voltage 
has no third-harmonic component. 

621.372 : 512.831 367 
Matrix Analysis of Linear Time-Varying 

Circuits—L. A. Pipes. (Jour. Ape Phys., 
vol. 25, pp. 1179-1185; September, 1954.) 

621.372.413 368 
On Cavity Resonators with Nonhomogene-

ous Media—A. Cunliffe, R. N. Gould and 
K. D. Hall. (Proc. IEE, part IV, vol. 101, pp. 
215-218; August, 1954. Digest, ibid., part III, 
vol. 101, pp. 192-193; May, 1954.) "Perturba-
tion theory is used to find the frequencies of 
oscillation and Q-factors of a cavity containing 
a medium for which the permittivity and the 
permeability are arbitrary functions of position. 
The theory is applied to an Hou cylindrical 
cavity containing a disc of dielectric which 
does not extend over the complete cross section 
of the cavity." 

621.372.413:530.145 369 
Quantum Effects in the Interaction between 

Electrons and High-Frequency Fields: Part 1. 
—I. R. Senitzky. (Phys. Rev., vol. 95, pp. 904-
911; August 15, 1954.) The problem of deter-
mining at what frequency quantum-mechanical 
effects become apparent is approached by an-
alyzing the velocities of electrons after passage 
through a cavity resonator. From the formulas 
derived a calculation is made of the ratio of 
(minimum possible mean-square deviation of 
velocity) to (velocity increment due to the 
field). Assuming the volume of the cavity to 
be of the same order as XS and the initial elec-
tron velocity to be one-tenth that of light, this 
ratio becomes unity for a frequency of the 
order of 3X10 12 cps. 

621.372.5 370 
Synthesis of Ladder Networks to give But-

terworth or Chebyshev Response in the Pass 
Band—E. Green. (Prot. IEE, part IV, vol. 
101, pp. 192-203; August, 1954. Digest, ibid., 
part III, vol. 101, pp. 115-118; March, 1954.) 
General formulas are derived for the design of 
low-pass ladder networks. See also 1267 of 
1953. 

621.372.5 371 
Synthesis of Constant-Time-Delay Ladder 

Networks using Bessel Polynomials—L. Storch. 
(Paoc. I.R.E., vol. 42, pp. 1666-1675; No-

vember, 1954.) A low-pass minimum-phase 
transfer function is constructed which pro-
duces a maximally flat time-delay/frequency 
characteristic and a nearly Gaussian impulse 
response. Evaluation of delay and loss char-
acteristics is simplified since the transfer func-
tion can be expressed in terms of tabulated 
functions. Synthesis of the corresponding lad-
der network using low-Q elements is described. 
Characteristics of a class of related nonmini-
mum-phase transfer functions are also dis-
cussed. 

621.372.5 372 
Gain-Bandwidth Limitations on Equalizers 

and Matching Networks—H. J. Carlin. (Paoc. 
I.R.E., vol. 42, pp. 1676-1685; November, 
1954.) Comprehensive theory is presented and 
new results are given for the optimum voltage 
transfer to an arbitrary load. 

621.372.5 373 
Synthesis of Transfer Functions by Active 

RC Networks—D. B. Armstrong and F. M. 
Reza. (Trans. I.R.E., vol. CT- 1, pp. 8-17; 
June, 1954.) A criterion is presented for deter-
mining whether a prescribed transfer function 
can be synthesized by means of an active RC 
network with a single feedback loop. It is 
shown that any quadratic function can be syn-
thesized by this means; the arbitrary function 
can be treated by breaking it down into quad-
ratic elements. Alternative methods involving 
(a) inversion of the transfer function or (b) 
a ladder-network realization are also discussed. 

621.372.5 374 
Power Gain in Feedback Amplifier—S. J. 

Mason. (Trans. I.R.E., vol. CT- 1, pp. 20-25; 
June, 1954.) A search is made for a network 
figure of merit which remains invariant for 
different connection conditions, a quantity U 
is found satisfying this requirement and iden-
tified as the available power gain when the 
coupling is chosen to make the device unilateral. 
The quantity U may be useful for classifying 
active networks; its value is unity for a gyrator. 
The method directs interest to power gain and 
signal-flow considerations rather than to volt-
age gain and the network interpretation of an 
impedance matrix. 

621.372.54 375 
Determination of Energy and Phase Char-

acteristics of Electrical Filters—G. N. Rapo-
port. (Zh. Tekh. Fiz., vol. 24, pp. 1496-1498; 
August, 1954.) The Leontovich theorem, which 
states that in nondissipative media the velocity 
of propagation of em energy is equal to the 
group velocity, is applied to the case of a filter, 
considered as an equivalent waveguide system. 
The velocity of propagation of energy can be 
calculated when the dispersion is known. 

621.372.54.029.4:534.113 376 
Tunable Audio Filters—G. Zelinger. (Elec-

tronics, vol. 27, pp. 173-175; November, 1954.) 
Electromechanical filters of clamped-resonant-
reed type are described. The Q factor can be 
varied from 100 to 400 over the frequency 
range 60-700 cps. 

621.372.543.029.3 377 
L. F. Vibration Filters—F. M. Gol'tsman. 

(Zh. Tekh. Fiz., vol. 24, pp. 1350-1353; July, 
1954.) The application of vibration galvanom-
eters as lf narrow-band electrical filters is 
considered theoretically; experimental results 
for frequencies of 27-420 cps are tabulated and 
presented graphically. The corresponding 
bandwidths varied between 0.6 and 3.8 cps. 

621.372.543.3:621.372.22 378 
Inhomogeneous Transmission Lines as 

Filters—A. L. Feldstein. (NachrTech., vol. 4, 
pp. 264-266; June, 1954.) Mathematical treat-
ment of the filtering action of a transmission 
line with periodic structure. Design is based on 
an approximate integral formula expressing 
reflection coefficient as a function of character-
istic impedance p. Its application in a simple 
case shows that the center frequency is deter-
mined by the length of a section, and the width 
of the stop band is dependent only on the total 
length, i.e. the number of sections. The formula 
gives results in good agreement with experi-
ment for a single-section filter with ratio p 
roox/Pmio= 8. 

621.372.6 379 
Improved Matrix and Determinant Meth-

ods for Solving Networks—W. S. Percival. 
(Proc. IEE, part IV, vol. 101, pp. 258-265; 
August, 1954. Digest, ibid., part III, vol. 101, 
pp. 278-279; July, 1954.) " It is shown that a 
linear electrical network, which may include 
tubes and transformers, can be represented top-
ologically by a network composed entirely of 
elements of a single type. In its most general 
form an element of this type comprises four 
nodes and two directed branches. It is also 



390 PROCEEDINGS OF THE IRE Ilarch 

shown that a linear electrical network can be 
represented algebraically by a matrix, termed 
an H-matrix. If the elements of the network 
are shown in the network diagram in the form 
of elements of the above type, the H-matrix 
can be written down directly from the net-
work diagram." 

621.373.4 380 
Effect of Electrical Fluctuations on Valve 

Oscillator—P. I. Kuznetsov, R. L. Strato-
novich and V. I. Tikhonov. [Comp& Rend. 
Acad. Sci. (URSS), vol. 97, pp. 639-642; 
August 1, 1954. In Russian.] The effect of fluc-
tuations which are slow compared with the os-
cillation frequency is considered theoretically 
and a method of calculating the effect is de-
veloped based on the Einstein-Fokker equa-
tion. 

621.373.4: 621.376.3 381 
Frequency Control of Short-Wave Oscilla-

tors by means of an Electrodeless Gas Dis-
charge—E. Milsler and B. Koch. (Z. Naturf., 
vol. 9a, pp. 182-183; February, 1954.) Con-
tinuation of investigations reported previously 
[362 of 1954 (Koch)]. With lower oscillator 
power, higher gas pressure and looser feedback 
coupling a characteristic of quite different type 
is obtained, giving a rapid decrease of fre-
quency with increase of anode voltage over a 
narrow range. 

621.373.4:621.385.029.65 382 
Possibility of obtaining Very Short Continu-

ous Waves, using a Reflex Klystron supplying 
Energy at High-Order Harmonics of the Fun-
damental Oscillation—J. Bernier and H. Le-
boutet. [Comp& Rend. Acad. Set:. ( Paris), vol. 
239, pp. 796-798; October 4, 1954.] A formula 
is given for determining the wavelengths of 
the natural resonances of the klystron cavity. 
The dependence of these wavelengths on the 
grid separation is shown graphically, together 
with curves giving the values corresponding to 
exact harmonics of the fundamental. The two 
families of curves intersect at an infinite num-
ber of points, at each of which the cavity is ca-
pable of oscillating at both fundamental and 
harmonic frequency. Using a klystron with a 
beam voltage of about 2 kv and current 65 
ma, and reflector voltage 1-1.5 kv, wavelengths 
down to 1.7 mm (24th harmonic of 4.08 cm) 
have been generated with a power of some tens 
of microwatts. 

621.373.431.1 383 
Method for Elimination of Effect of Stray 

Capacitances in the Production and Amplifica-
tion of Step Voltages—W. Kroebel. (Z. angew. 
Phys., vol. 6, pp. 293-297; July, 1954.) Dis-
cussion is presented of the charge and dis-
charge mechanism of a multivibrator circuit; 
to obtain a steep leading pulse flank, a rapid dis-
charge of the negative charge accumulated at 
one of the anodes is necessary. This is achieved 
by using the anode-dynode path of an auxiliary 
secondary-emission tube. Pulses of amplitude 
up to 400 NI, with flanks of slope about 1010 
v/second were obtained. Application of the 
principle in frequency dividers is also described. 

621.375.1 384 
General Properties of Electromagnetic Am-

plifiers—D. A. Bell. (Wireless Eng., vol. 31, 
pp. 310-319; December, 1954.) The relations 
between gain, bandwidth or time constant, and 
power rating are discussed; results to be ex-
pected from use of feedback are examined. The 
amplifiers considered include thermionic-tube, 
magnetic and rotating-machine types. Devices 
for improving the shape of the pass-band nor-
mally involve delay: distributed amplifiers per-
mit improvement of the gain-bandwidth param-
eter but not of the gain/time-constant ratio. 

621.375.2.024:621.385.5 385 
"Starved Amplifiers"—G. E. Kaufer. (Elec-

tronic Eng., vol. 26, pp. 498-503; November, 
1954.) Advantages of the starved amplifier 
(i.e. tube operated with very low anode and 

screen voltages) for high-gain amplification of 
dc are indicated. Relevant tube data must be 
determined by the designer; typical curves for 
Type-6SG7 and 6AG5 miniature pentodes are 
presented and discussed. 

621.375.221 386 
Design of Video Couplings—D. G. Sarma. 

(Wireless Eng., vol. 31, pp. 327-334; December, 
1954.) A method is presented for designing low 
rise-time video-amplifier coupling networks 
with three or four independent elements by the 
proper location of complex zeros and poles of 
the network function. The relations between 
rise-time, overshoot and delay are determined. 
Graphs are presented for determining the type 
of response of a circuit with given constants, 
or the circuit constants for a given type of re-
sponse. 

621.375.222 387 
Zero Stabilization of Directly-Coupled Am-

plifiers—E. H. Frost-Smith and A. R. B. 
Churcher. (Elliott Jour., vol. 2, pp. 136-139; 
August, 1954.) Details are given of circuits in 
which stability of a direct-coupled amplifier is 
achieved by use of a second amplifier in a feed-
back arrangement. The auxiliary amplifier is 
highly stable but has a low cut-off frequency; 
hence low- frequency signals are pre-amplified, 
giving enhanced signal/noise ratio at these 
frequencies. For high-frequency signals the 
auxiliary amplifier is by-passed. 

621.375.3 388 
An Even-Harmonic Magnetic Amplifier— 

P. D. Atkinson and A. V. Hemingway. (Elec-
tronic Eng., vol. 26, pp. 482-485; November, 
1954.) The circuit is an adaptation of the in-
verter described by Frost-Smith (73 of 1954); 
a typical figure for the power gain is 1,000, 
and for the output 1 mw. The zero drift is less 
than the shift produced by an input power of 
10-11 w. The input impedance ranges up to 
about 3 kit, making it suitable for use with 
many types of transducer, but the poor re-
sponse time restricts application to cases where 
the input varies slowly. Multistage amplifiers 
of this type are useful for control and measure-
ment purposes. 

621.375.3 389 
Fast-Response Magnetic Amplifiers—G. 

E. Hughes and H. A. Miller. (Trans. A IEE, 
Part I, Communication Ce Electronics, vol. 73, 
pp. 69-75; March, 1954. Digest, Elec. Eng. 
(N.Y.), vol. 73, p. 723; August, 1954.) Ex-
pressions are given for the number of control 
turns and the gain of magnetic amplifiers of 
the type described by Ramey (3503 of 1953), in 
which load and control circuits operate on the 
magnetic state of the core on a time-sharing 
basis. 

621.375.3:538.244 390 
Effect of Circular Field on Form of Longi-

tudinal Magnetization Curve—R. E. Ershov. 
(Zh. Tekh. Fis., vol. 24, pp. 1508-1512; August, 
1954.) The variation was investigated experi-
mentally of the magnetization of an iron tube 
placed in a coaxial magnetic field combined 
with a circular field produced by a current 
flowing in a conductor placed along the axis of 
the tube. The results, which are presented 
graphically, are of interest in the construction 
of transformers for amplification of weak cur-
rents. 

621.375.4 .391 
Feedback Simplifies Transistor Amplifiers 

—S. Schenkerman. (Electronics, vol. 27, pp. 
129-131; November, 1954.) "Voltage amplifi-
cation in transistor stages is obtained using a 
degenerative feedback path shunting the out-
put and in series with the input. Use of inter-
stage transformers or grounded-collector stages 
is avoided." 

621.375.4.029.4 392 
A Transistor Remote Amplifier—P. Pen-

field, Jr. (Audio, vol. 38, pp. 26-27; September, 
1954.) A portable af pre-amplifier using Type-
CK-721 point-contact transistors is described; 
precautions necessary to avoid damage to the 
transistors during construction of the equip-
ment and during use are indicated. 

621.375.5:537.227 393 
Ferroelectrics and the Dielectric Amplifier 

— Mason and Wick. (See 447.) 

621.375.9: 537.312.8 394 
Galvanomagnetic Low-Frequency Amplifier 

— E. Justi and H. J. Thuy. (Z. Naturf., vol. 9a, 
pp. 183-184; February, 1954 ) A simple arrange-
ment is described based on the high magneto-
resistance of Bi at low temperature. The de-
vice is much less noisy than an ordinary tube 
or transistor. See also 3179 of 1954 (Thuy). 

621.376.239 395 
Magnetic Demodulation with Sinusoidal 

Variation of the H. F. Induction Flux—G. 
Nleinshausen. (Arch. elekt. übertragung, vol. 
8, pp. 373-386; September, 1954.) With mag-
netic demodulation using sinusoidal rf current 
in the demodulating reactor [3400 of 1953 
(Fungo and Meinshausen)], the rf flux is dis-
torted. By arranging instead for the rf flux to be 
sinusoidal, the power can be increased. Analysis 
is given based on analogy with diode theory, 
the flux being treated as the equivalent of the 
voltage across the diode. Essential differences 
between magnetic and diode demodulators are 
discussed. 

GENERAL PHYSICS 
53:519.2 396 

Statistical Concepts in Theoretical Physics 
—R. Fürth. (Bra. Jour. Appl. Phys., vol. 5, 
pp. 273-276; August, 1954.) A plea for the 
teaching of classical physics on an empirical 
basis on statistical lines, to make easier the 
transition to quantum physics. 

530.112 397 
Proposal for a New Aether Drift Experi-

ment—H. L. Furth. [Nature ( London) vol. 
174, pp. 505-506; September 11, 1954.] Fur-
ther elucidation of the proposal made previ-
ously ( 1726 of 1954). 

535.23 398 
The Maximum of the Planck Energy Spec-

trum—R. N. Bracewell. [Nature ( London) 
vol. 174, pp. 563-564; September 18, 1954.] In 
the formula generally used for locating the 
maximum in the energy spectrum of a black 
body, the spectral distribution is based on the 
amount of energy lying between two closely 
spaced wavelengths. If the distribution is con-
sidered on a frequency basis instead of a wave-
length basis, a very different value is obtained 
for the position of the maximum; for a body at 
6,000 degrees (roughly the temperature of the 
sun) the maximum then falls at 8,497 A, which 
is outside the visible region. Re-examination of 
Planck's formula leads to a Wien-type law 
yielding a natural maximum at 6,115 A for the 
6,000 degree spectrum; the location of this 
maximum does not alter on changing from a 
wavelength to a frequency basis. 

535.33:538.56.029.6 399 
Apparatus for Microwave Spectroscopy-

M. W. P. Strandberg, H. R. Johnson and J. R. 
Eshbach. (Rev. Sel. Instr., vol. 25, pp. 776-792; 
August, 1954.) The design ot a spectrograph 
using Stark modulation and a crystal or bolo-
meter detector is discussed, and a detailed de-
scription is given of a particular equipment. 

535.42 400 
Diffraction of Waves by a Wedge—F. 

Oberhettinger. (Commun. pure Appl. Math., 
vol. 7, pp. 551-563; August, 1954.) Green's 
functions of the wave equation for a wedge are 
given in the form of an integral representation 
for the two-dimensional case, and are evaluated 
by the residue theorem. The half-plane is con-
sidered as the limiting case of a wedge with 
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angle 2r. The analysis is extended to the three-
dimensional case. 

535.42 401 
A Uniqueness Theorem and a New Solu-

tion for Sommerfeld's and Other Diffraction 
Problems—A. S. Peters and J. J. Stoker. 
(Commun. pure Ape. Math., vol. 7, pp. 565-
585; August, 1954.) 

535.42:538.566 402 
On the Scalar Diffraction by a Circular 

Aperture in an Infinite Plane Screen—A. T. 
de Hoop. (Ape Sci. Res., vol. B4, pp. 151-
160; 1954.) Application of variational princi-
ples reduces the problem of finding the aper-
ture distribution to the solution of an infinite 
system of linear equations. An investigation is 
made of a particular system of equations based 
on a convenient expansion of the aperture dis-
tribution given by Bouwkamp. 

535.42:538.566 403 
General Approximation Method for solving 

Diffraction Problems—M. Jessel. [Compt. 
Rend. Acad. Sci. ( Paris), vol. 239, pp. 753-
756; September 27, 1954.] A system of integro-
differential equations is established for the 
boundary values. A known variational princi-
ple is used for calculating certain functionals in-
volved. 

537.291 + 538.691 404 
Motion of Charged Particles in a Homo-

geneous Magnetic Field, with Superposed 
Magnetic Field of Linear Current and Electric 
Field of Cylindrical Capacitor—V. M. Kel'man 
and S. Ya. Yavor. (Zh. Tekh. Fiz., vol. 24, 
pp. 1329-1332; July, 1954.) The problem con-
sidered theoretically by Kel'man and Rodni-
kova (75 of 1953) is extended to include the 
effect of a magnetic field parallel to the axis of 
the cylinder. Calculated results for several par-
ticular cases are presented graphically. 

537.311.31:621.317.332.029.65 405 
R. F. Conductivity in Copper at 8 mm Wave-

lengths—J. S. Thorp. (Proc. IEE, part III, 
vol. 101, pp. 357-359; November, 1954.) Meas-
urements at 8 mm X indicate that reduction of 
conductivity below the dc value is caused not 
only by surface roughness but also by the 
presence of surface layers having dc conduc-
tivity lower than that of the bulk material, and 
by stress in the bulk material. These effects 
can be overcome by etching and annealing, or 
by covering the surface layers by a process 
involving oxidation and reduction. 

537.311.33: 537.323 406 
Limits of Practical Application of Pisa-

renko's Formula—T. A. Kontorova. (Zh. 
Tekh. Fiz., vol. 24, pp. 1291-1297; July, 1954.) 
Pisarenko's formula expresses thermoelectric 
power in terms of charge-carrier concentration 
and effective mass and of absolute temperature. 
A constant factor is included to take account of 
scattering of the charge carriers in the crystal; 
its value depends on the type of scattering 
and crystal lattice. Calculations show that the 
errors are small (< 5 per cent) up to carrier 
concentrations of about 2X lOn in atomic-
lattice and 7.2 X 10n in ionic-lattice crystals at 
300 degrees K. The errors are discussed, and 
compared with those of other formulas. Re-
sults are tabulated. 

537.36 407 
The Motion of Electricity—J. J. Gruetz-

macher. (Naiurwiss., vol. 41, p. 368; August, 
1954.) Preliminary experiments are described 
on the mechanical transportation of electric 
charge, e.g. by blowing streams of ionized air, 
or by causing such streams to flow in tubes 
under a pressure difference. G-M tubes are 
used as detectors, with loudspeaker indicators. 
Currents up to 10-na have been produced. 

537.525:546.291 408 
Energy Distribution Function of Electrons 

in Pure Helium—F. H. Reder and S. C. 

Brown. (Phys. Rev., vol. 95, pp. 885-889; 
August 15, 1954.) 

537.525: 546.291 409 
Microwave Determination of the Probabil-

ity of Collision of Electrons in Helium—L. 
Gould and S. C. Brown. (Phys. Rev., vol. 95, pp. 
897-903; August 15, 1954.) 

537.525.72:538.63 410 
Some Effects in Inductively Coupled Elec-

trodeless High-Frequency Gas Discharges 
with Superposed Magnetic Field—N. Neuert, 
H. J. Stuckenberg and H. P. Weidner. (Z. 
angew. Phys., vol. 6, pp. 303-310; July, 1954.) 
The effects noted by Lindberg et al. (85 of 1953) 
were further investigated. The resonance effect 
appears to be due to electrons moving initially 
in circular orbits coaxial with the tube wall 
rapidly acquiring energy in the alternating 
field. An application of the effect in a hf ion 
source is briefly described. For another applica-
tion see 90 of February (Koch and Neuert). 

538.221 411 
Extension of the Spin-Wave Theory of 

Ferromagnetism to Higher Temperatures—G. 
Heber. (Z. Notan., vol. 9a, pp. 91-97; Febru-
ary, 1954.) 

538.3 412 
Possibility of considering Potentials and 

Fields as Quantities having Density: New 
Type of Quadrivector—É. Durand. [Compt. 
Rend. Acad. Sci. (Paris), vol. 239, pp. 751-
753; September 27, 1954.] 

538.312 413 
On Multipole Expansions in the Theory of 

Electromagnetic Radiation—C. J. Bouwkamp 
and H. B. G. Casimir. (Physica, vol. 20, pp. 
539-554; August, 1954.) "A new method is de-
veloped for expanding the electromagnetic field 
of radiating charges and currents in multipole 
components. Outside a sphere enclosing all 
sources, the field is represented in terms of 
Debye potentials which are shown to be closely 
related to the radial components of the electric 
and magnetic vectors. Attention is drawn to 
remarkably simple source representations of 
these radial components. A discussion of vec-
tor-potential versus Debye-potential represen-
tation of multipole fields is included. Only 
familiarity with ordinary vector calculus is re-
quired." 

538.56 414 
The Radiation Green's Functions—J. G. 

Linhart. (Jour. Frank. Inst., vol. 258, pp. 99-
112; August, 1954.) Analysis for the radiation 
field of a group of charges is derived using func-
tions similar to Green's function of potential 
theory but applied to the time-variables prob-
lems of radiation theory. The method presents 
a model of interaction between a quantum of 
movement of a unit point charge and the cor-
responding excitation of a set of eigen-fields; it 
is illustrated by treating the case of a point 
charge rotating in a cylindrical cavity. 

538.566:538.614 415 
Propagation of Electromagnetic Waves in a 

Gyrotropic Medium—M. A. Gintsburg. [Compt. 
Rend. Acad. Sci. ( URSS), vol. 97, p. 572; 
August 1, 1954, In Russian.] Correction to 
paper abstracted in 2927 of 1954. 

538.632/.633 416 
Direct Comparison of Hall Effect and Cor-

bino Effect—W. J. Poppelbaum. (Rely. Phys. 
Acta, vol. 27, pp. 355-394; August 31, 1954. In 
French.) By using a cylindrical sample im-
mersed in radial magnetic field, a transverse 
current is produced when an alternating volt-
age is applied between the ends of the cylinder; 
this transverse current gives rise to an induced 
voltage in a coaxial coil. Both the Corbino and 
the Hall effects can be measured with this 
arrangement, thus providing two independent 
means of determining the Hall constant; the 

discrepancy between the two results is < 5 per 
cent. 

621.3.032.44 417 
The Distribution of Temperature along a 

Thin Rod Electrically Heated in Vacuo: 
Parts 2-4—S. C. Jain and K. S. Krishnan. 
(Proc. Roy. Soc. A., vol. 225, pp. 1-32; August 
6, 1954.) The theoretical solution presented 
in part 1 (2375 of 1954) is considered in the 
light of formulas discussed by Stead (Jour. 
IEE, vol. 58, p. 10; 1920) relating the tem-
perature distribution in a finite rod to that in 
an infinitely long rod heated by the same cur-
rent. A useful expression is found for the tem-
perature at the center of a finite long rod as a 
function of its length. Detailed experimental 
verification of the main theoretical results is 
reported. Empirical formulas proposed by 
Worthing are shown to follow from the theory 
developed. 

53.05 418 
The Physics of Experimental Method 

[Book Reviewl—H. J. J. Braddick. Publishers . 
Chapman & Hall, London, Eng., 404 pp., 
35s (Phil. Mag., vol. 45, p. 884; August, 1954.) 
Sections are included on relevant mathematics. 
mechanical construction and materials, vacuum 
technique, electrical measurements and elec-
tronics, optics and photography, natural limits 
of measurements, and techniques of nuclear 
physics. 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

523.16 419 
A Comparison of the Intensity Distribution 

of Radio-Frequency Radiation with a Model of 
the Galactic System—G. Westerhout and J. H. 
Oort. (Bull. astr. Insts Netherlds, vol. 11, pp. 
323-333; August 26, 1951. In English.) A 
comparison is made between the radiation to 
be expected from objects distributed like the 
common stars and the observed rf radiation. 
Satisfactory agreement with Bolton and West-
fold's observations on 100 mc (348 of 1951) 
is obtained for the regions where the radiation 
is considerable. Near the galactic poles and in 
the hemisphere opposite the center the observed 
temperatures are about 600 degrees in excess 
of the calculated values; this excess is possibly 
due to a background of distant extragalactic 
nebulae. 

523.16 420 
Methods and Results of Radio Astronomy 

—H. Siedentopf. (Z. angew. Phys., vol. 6, pp. 
376-384 and 422-430; August and September. 
1954.) A survey with over 100 references. 

523.5:621.396.96 421 
Radio Observations of Meteors—P. M. 

Millman. (Science, vol. 120, pp. 325-328; Au-
gust 27, 1954.) A summarized general account. 
with literature references, of the most signifi-
cant results obtained during the seven years 
up to the end of 1953. 

523.746.5 422 
Present Phase of Solar Cycle—D. E. 

Trotter and C. Pecker. [Compt. Rend. Acad. 
Sei. ( Paris), vol. 239, pp. 633-635; September 6, 
1954.] Observations of the intensity of the 
coronal 5303-A green line suggest that the 
1954 minimum of solar activity is flatter and 
lower than that of 1944; a first indication of the 
rise of the new cycle was observed at the begin-
ning of August, 1954. The next maximum is 
expected to occur between summer, 1959 and 
the end of 1960 and to be rather low. 

550.385 423 
The Prediction of Geomagnetic Disturb-

ances—J. C. Pecker and W. O. Roberts. 
[Compt. Rend. Acad. Sci. ( Paris), vol. 239, pp. 
635-637; September 6, 1954.] Shapley's method 
for predicting geomagnetic indexes (Trans. 
Amer. Geophys. Union, vol. 28, p. 715; 1947) 
is modified to take account of (a) the variation 
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of the periodicity of the disturbance about the 
27-day average, and (b) the maxima observed 
in the values of the indexes in March and 
September. 

551.510.53+621.396.11 424 
Rocket Exploration of the Upper Atmos-

phere—R. L. F. Boyd, M. J. Seaton and H. 
S. W. Massey, Eds. (Jour. Atmos. Terr. Phys., 
special supplement, vol. 1, p. 376; 1954.) The 
text is given of 49 papers read at a conference 
at Oxford in August, 1953. Sections 1-3 cover 
rocket techniques, atmospheric phenomena and 
composition of the high atmosphere. Section 4 
deals with the ionosphere in particular and 
includes papers on wave-propagation measure-
ments made using rockets (reported earlier), a 
specially designed antenna used on dry rocky 
soil for short-range sky-wave measurements at 
If, an analysis of a method of determining 
charge densities from rocket-tracking data, 
and a suggested program of rocket-borne-
magnetometer measurements. Section 6 covers 
laboratory studies, including an experiment on 
cross-modulation. 

551.510.535 425 
Study of Layer Splitting in the Ionosphere— 

O. Burkard. (Arch. Mel. A, Wien, vol. 7, 1313. 
283-291; June 30, 1954.) An equation is de-
rived expressing the conditions for one or more 
maxima to occur in the height distribution of 
electron concentration, for arbitrary height 
distributions of temperature and recombina-
tion coefficient. A numerical treatment is given 
for splitting into F1 and F2 layers. The occur-
rence of splitting with uniform temperature 
distribution would imply a highly improbable 
value for the recombination coefficient. On the 
other hand, the presence of a warm layer within 
the F layer would lead to results consistent 
with the observations. 

551.510.535 426 
Absorption of Short Waves in the Iono-

sphere—É. Argence and K. Rawer. (Comp:. 
Rend. Acad. Sci. ( Paris), vol. 239, pp. 773-775; 
September 27, 19541 Expressions are derived 
analytically for the value of the decrement S2 
for values of the frequency above and below 
critical, assuming that collisions of electrons 
with ions are much more numerous than with 
neutral molecules. 

551.510.535:523.16 427 
High Latitude Ionospheric Observations 

using Extraterrestrial Radio Waves—C. G. 
Little. ( Paoc. I.R.E., vol. 42. pp. 1700-1701; 
November, 1954.) A preliminary account is 
given of observations made at College. Alaska, 
over a two-month period in the spring of 1954, 
of the effect of the ionosphere on the reception 
of cosmic radiation at 65 mc. Strong absorp-
tion of the diffuse rf background is most com-
mon at midday and least common during late 
evening; it is correlated with no-echo condi-
tions and with variations of the geomagnetic 
field. Observations on localized radio sources 
indicate that scintillations are commoner in 
Alaska than in England. Scintillations were 
observed whenever marked 65-mc absorption 
occurred during transit of the localized source 
through the antenna beam; this indicates that 
the lateral distribution of ionization during 
periods of absorption is nonuniform. Study of 
the scintillations should provide information 
about irregularities in the ionosphere. 

51.510.535:538.566 428 
The Propagation of Long Electric Waves 

round the Earth in relation to Transmission 
Interference and Lightning Atmospherics— 
Schumann. (See 528.) 

551.594.21 429 
An Analysis of Electric Field after Lightning 

Discharges— Y. Tamura. (Jour. Geomag. Geo-
elect., vol. 6, pp. 34-46; March, 1954.) The 
thundercloud is represented by a vertical 

dipole, and the emf in it is represented by a 
constant current generator. The electric field 
comprises components due to (a) the charge on 
each pole, which depends on the conductivity 
of the air, (b) space charge related to the charge 
on the poles, and (c) free decaying space charge 
released after a lightning discharge. Dissimi-
larity between the field recovery curves for 
near discharges and distant discharges are ex-
plained by this theory. 

551.594.6: 621.396.11.029.45 430 
Theoretical Calculations of Field of Low-

Frequency Electromagnetic Waves above 
Earth's Surface—Al'pert. (See 535.) 

LOCATION AND AIDS TO NAVIGATION 

621.396.93:551.594.6 431 
The Accuracy of the Location of Sources of 

Atmospherics by Radio Direction-Finding—F. 
Horner. (Proc. IEE, part III, vol. 101, pp. 
383-390; November, 1954.) An investigation 
of the accuracy of the United Kingdom net-
work of twin-channel cathode-ray direction 
finders operating at frequencies near 10 kc is 
reported. Hilly terrain and buried cables have 
caused errors of several degrees at some sta-
tions. Instrumental errors are small, apart from 
polarization errors, which may be as high as 
2 degrees or 3 degrees in summer daytime and 
rather higher in winter. An estimate has been 
made of the accuracy of storm location; the 
potential accuracy depends not only on bearing 
errors, station spacing, and storm distance, but 
also on the number and interpretation of the 
observations. With the existing network and 
technique, the probable error in position of a 
storm center distant 1,000 km is about 20 km 
on a summer day, 50 km on a winter day, and 
100 km by night. 

621.396.933 432 
Navaglobe-Navarho Long-Range Radio 

Navigational System—C. T. Clark, R. I. 
Colin, M. Dishal, I. Gordy and M. Rogoff. 
(Elec. Commun., vol. 31, pp. 155-166; Septem-
ber, 1954, Convention Record I.R.E., vol. 2, 
part 5, pp. 88-97; 1954.) The navaglobe sys-
tem developed for the U.S.A.F. is described; 
reliability is achieved by operating at a fre-
quency of about 100 kc, and tolerable signal 
/noise ratio at long range by using a bandwidth 
of 20-100 cps. The service is omnidirectional 
and the airborne bearing indications are auto-
matic. Arrangements for reducing the effects of 
atmospheric noise are described. Performance 
on transcontinental and transatlantic tests is 
reported. Plans to complete the system by in-
corporating phase-comparison distance-meas-
urement equipment are discussed. 

621.396.933 433 
Fixed-Beam Aircraft Approach System— 

R. A. Hampshire. (Elec. Commun., vol. 31, pp. 
189-197; September, 1954, Convention Record 
I.R.E., vol. 2, part 5, pp. 77-83; 1954.) A sys-
tem designed for the U.S.A.F. and compatible 
with existing instrument-approach installa-
tions consists of a localizer operating at a fre-
quency between 108 and 112 mc and glide-
slope equipment operating at a frequency 
between 329 and 335 mc, both using modula-
tion at 90 and 150 cps. The localizer is of dual-
beam type 

621.396.96 434 
Influence of the Polarization of the Radi-

ated Waves on Radar Detection—G. Pircher. 
[Compt. Rend. Acad. Sci. ( Paris), vol. 239, pp. 
756-757; September 27, 1954.] Analysis for 
elliptically polarized radiation is based on a 
polarization factor which is given by the scalar 
product of unit vectors representing respec-
tively the transmitter and receiver polariza-
tions. It is shown that for one particular polari-
zation of the radiated waves the echo is 
annulled, and that for any obstacle there is one 
particular polarization which gives maximum 
echo power. 

621.396.962.23 435 
Radar offers Solution to Midair Plane Col-

lisions—J. Q. Brantley. (Electronics, vol. 27, 
pp. 146-150; November, 1954.) Early indica-
tion of collision danger is obtained by use of 
cw Doppler technique to measure closure rate, 
deviation of closure rate and deviation of clos-
ure angle. Suitable circuits are described. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

531.788.7 436 
Ultimate Vacuum in a Vacuum-Enclosed 

Ionization Gauge—L. J. Varnerin, Jr., and 1). 
White. (Jour. App!. Phys. vol. 25, pp. 1207-
1208; September, 1954.) Brief report of meas-
urements made with a Bayard-Alpert gauge. 

533.583: [546.821+546.831 437 
Investigation of Absorption Capacity of 

Nondispersal [contact] Getters—E. Lyubov-
skaya and A. Ravdel'. (Zh. Tekh. Fiz., vol. 24, 
pp. 1392-1400; August, 1954.) The sorption of 
hydrogen and oxygen by Zr getters and by Ti 
getters containing some Th was investigated in 
the range between room temperature and 
"400 degrees C. Results, which are presented 
graphically, indicate that. both getters are 
suitable for use in tubes in the range investi-
gated. The sorption capacity of Zr is highest at 
,s-,500 degrees C. for H2 and increases mono-
tonically for 02 above "400 degrees C.: for 
TiTh getters the corresponding temperatures 
are 400 degrees-600 degrees C. and > 500 de-
grees C., respectively. At optimum tempera-
tures Zr absorbs more 02 than does the TiTli 
getter; the reverse is true for the H2 sorption. 
The rate of sorption was also investigated. 

535.215 438 
Photoconductivity—A Rose. (Onde élea., 

vol. 34, pp. 645-651; August/September, 1954.) 
Discussion of photoconduction mechanism in 
normally poor conductors such as CdS single 
crystals, pointing out discrepancies between ex-
perimental results and simple theory, and illus-
trating how energy-level distributions in the 
forbidden bands can be determined by develop-
ment of suitable theoretical models. See also 
1005 of 1952. 

535.215.1:546.482.31 439 
Photoconductivity in Cadmium selenide-

H. J. Dirksen and 0. W. Mernelink. (App!. 
Sci. Res., vol. B4, pp. 205-215; 1954.) Pub-
lished theories are discussed and a new theory 
is proposed. Values of the material constants 
calculated from the theory are in good agree-
ment with results of measurements on CdSe in 
its basic form and in the form of thin films. 

535.37:546.561-31 440 
Nature of Luminescence of Copper Oxide— 

Yu. I. Karkhanin and V. E. Lashkarev. [Comm. 
Rend. Acad. Sci. (URSS), vol. 97, pp. 1007--
1010; August 26, 1954. In Russian.] A brief 
report is presented summarizing recent experi-
mental results. It is concluded that Cu vacan-
cies do not luminesce by themselves, but that 
luminescence is produced at those centers which 
force the exciton to radiate on annihilation. 
The wavelength of the infrared luminescence of 
Cu20 is about 0.96 µ at 20 degrees C. and 0.93 
µ at - 180 degrees C. 

535.376 411 
Experiments on Electroluminesconce J. 

F. Waymouth and F. Bitter. (Phys. Rev.. vol. 
95, pp. 941-949; August 15, 1954.) Observa-
tions on green-luminescent ZnS:Cu:Pb and 
yellow-luminescent ZnS: Cu: Mn phos-
phors are reported. The optical and electrical 
response of the materials to applied electric 
fields was studied for dispersions in lucite and 
for individual particles. Luminescence in alter-
nating fields is restricted to spots very much 
smaller than the individual particles, and 
occurs only once per cycle. The results indicate 
that the most important excitation process 
involves removal of electrons from lumines-
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cent centers, luminescence occurring when the 
state of the field allows the electrons to return 
and recombine. 

537.227:546.431.811.824-31 442 
Ferroelectric Properties of Solid Solutions 

of Barium Stannate in Barium Titanate-G. A. 
Smolenski and V. A. Isupov. (Zh. Tekh. Fiz., 
vol. 24, pp. 1375-1386; August, 1954.) Solid 
solutions containing up to 30 per cent molar of 
BaSnO3 were investigated. Measurements were 
made of the dielectric constant in weak fields, 
the resonance and antiresonance frequencies 
and the fractional elongation Al// over the tem-
perature range - 150 degrees to + 150 degrees 
C. In several cases, the dependence of the 
dielectric constant on the field strength (up to 

kv/cm) was also determined. Phase transi-
tions were also investigated. The preparation 
of the specimens and experimental details are 
described and results are presented graphically 
and in some cases also in tabulated form. 

537.227: 546.431.817.824-31 443 
X-Ray Study of Structure of (Ba, Pb) TiC),, 

Solid Solutions-E. G. Fesenko and A. G. 
Slabchenko. (Zh. Tekh. Fiz., vol. 24, pp. 1288-
1290; July, 1954.) 

537.227: 546.431.824-31 444 
Pressed Barium Titanate Piezoelectric Ma-

terials-A. I. Kogan and M. M. Kitaigorodski. 
(Zh. Tekh. Fiz., vol. 24, pp. 1371-1374; Au-
gust, 1954.) The dielectric constant and the 
piezoelectric modulus du were determined ex-
perimentally for polarized ( Ba, Pb)TiO3 speci-
mens containing up to 18 per cent Pb. The 
dielectric constant lies between 40 and 95 and 
is practically constant at frequencies between 
30 kc and 12 mc; d11 varies between 0.6 X 10-7 
and 10X 10-7 cgse. The effect of temperature 
and length of the thermal pre-treatment was 
investigated. Results are tabulated. 

537.227:546.431.824-31 445 
Domain Formation and Domain Wall Mo-

tions in Ferroelectric BaTiO3 Single Crystals--
W. J. Merz. (Phys. Rev., vol. 95, pp. 690-698; 
August 1, 1954.) Continuation of work re-
ported previously ( 759 of 1953). Nucleation 
and growth of the domains were studied as a 
function of applied electric field and tempera-
ture. The manner of growth of new domains on 
reversing the polarity of the applied field is dis-
cussed in relation to processes observed in fer-
romagnetic materials and to switching processes 
when the crystals are used as storage units. 
Compared with Fe, the walls in BaTiat are 
much thinner and the energy density in the 
walls is somewhat greater. Since there is practi-
cally no sideways motion of the side walls, there 
is no crosstalk between different sets of elec-
trodes on the same crystal even when they are 
spaced as closely as 0.01 cm. 

537.227: 546.431.824-31 446 
Dielectric Constant and Loss Measure-

ments on Barium Titanate Single Crystals 
while Traversing the Hysteresis Loop-M. E. 
Drougard, H. L. Funk and D. R. Young. 
(Jour. Appl. Phys., vol. 25, pp. 1166-1169; 
September, 1954.) Permittivity measurements 
were made with small-amplitude sinusoidal 
voltages of frequency 100-600 kc superposed 
on a bias voltage switched at 10-200 cps. Re-
sults indicate that the frequency dependence of 
the permittivity and loss is consistent with a 
relaxation mechanism with a relaxation tiMe of 
3.5 gs. See also 3245 of 1954 ( Drougard and 
Young). 

537.227:621.375.5 447 
Ferroelectrics and the Dielectric Amplifier 

-W. P. Mason and R. F. Wick. (Pitoc. I.R.E., 
vol. 42, pp. 1606-1620; November, 1954.) 
Properties of BaTiO3 single crystals and ceram-
ics are reviewed in relation to their use for 
capacitors, transducers, dielectric amplifiers, 
etc. By adding PbTiO3 and CaTiO3 the ceramics 
can be stabilized so as to be satisfactory for 

electromechanical filters and delay lines. For 
use in dielectric amplifiers and signal-storage 
units, single crystals are more suitable than 
ceramics by virtue of their narrower hysteresis 
loop. Experiments are briefly reported on di-
electric amplifiers with crystals of thickness 
0.002 inch operated below the Curie tempera-
ture; these crystals are saturated by a voltage 
of 10v, and their hysteresis loops do not vary 
with frequency up to 200 kc or higher. The 
amplifier has a gain of about 12 db for modula-
tion frequencies up to 7 kc. 

537.311.33:535.215 448 
Photovoltaic Effect in InAs-R. M. Talley 

and D. P. Enright. (Phys. Rev., vol. 95, pp. 
1092-1094; August 15, 1954.) Report of meas-
urements of the spectral variation of the photo-
voltaic effect in InAs p-n junctions. 

537.311.33: 536.21.022 449 
Some Regularities in the Magnitudes of 

Thermal Conductivities of Semiconductors-
A. V. Ioffe and A. F. Ioffe. [compt. Rend. 
Acad. Sci. ( URSS), vol. 97, pp. 821-822; Au-
gust 11, 1954, In Russian.] The decrease in 
thermal conductivity with increase in atomic 
or molecular weight, and, in the case of ionic-
lattice compounds, also with increase in the 
ratio of the atomic weight of the positive to that 
of the negative constituent element, is shown 
graphically. The semiconductors considered 
include alkali halides, AgCI, AgBr, TICI and 
T1Br, diamond, Si, Ge, GaSb, and InSb. 

537.311.33: 537.312.8 450 
Transverse Galvanomagnetic Effects in 

Semiconductors-J. Appel. (Z. Nalurf., vol. 
9a, pp. 167-174; February, 1954.) The investi-
gation reported by Johnson and Whitesell 
(2329 of 1953) is extended to magnetic fields 
of any strength. The value found for the mag-
netoresistance with strong fields and high car-
rier mobilities is much greater than that given 
by Harding's theory (Prot. Roy. Soc. A., vol. 
140, p. 205; 1933), and is in agreement with 
experimental results reported by Estermann 
and Foner •(661 of 1951) and by Pearson and 
Suhl ( 166 of 1952). The two-band model is con-
sidered; the influence of intrinsic conduction 
on the magnetoresistance of Ge at room tem-
perature and the change of sign of the Hall 
constant in some circumstances are discussed. 

537.311.33: 539.234 451 
Evaporated Multiple Layers with Semicon-

ductor Properties-J. C. M. Brentano and 
J. D. Richards. (Phys. Rev.. vol. 95, pp. 841-
843; August 1, 1954.) Thin multiple-layer films 
were deposited on pyrex in vacuum by alternate 
evaporation of two metals not likely to form 
intermetallic compounds or alloys. The experi-
mentally observed variation of resistivity with 
temperature is plotted for a film comprising 
210 layers each of Fe and Pb; the temperature 
coefficient of resistivity is negative. For films 
of either Fe or Pb alone, produced under simi-
lar conditions, the temperature coefficients are 
negligible or positive. The significance of this 
difference is discussed in relation to the lattice 
structure. 

537.311.33:546.28 452 
Formation of Single-Crystal Silicon Fibers 

--E. R. Johnson and J. A. Amick. (Jour. 
Ape Phys., vol. 25, pp. 1204-1205; Septem-
ber, 1954.) Details are given of fibers formed 
when SiCI4 diluted with a carrier gas is caused 
to react with Zn vapor at a temperature of 
800 degrees-I,000 degrees C. The average di-
ameter of the fibers is about 1 and the lengths 
are up to 1 cm. 

537.311.33: 546.28 453 
Hyperfine Splitting in Spin Resonance of 

Group V Donors in Silicon-R. C. Fletcher, 
W. A. Yager, G. L. Pearson and F. R. Merritt. 
(Phys. Rev., vol. 95, pp. 844-845; August 1, 
1954.) Continuation of investigations reported 
previously [3254 of 1954 (Fletcher et al.)]. Sam-

pies with various concentrations of P, Ar and 
Sb have been studied; with all three donors, 
the multiplicity of resonance lines is replaced 
by a single narrow line when the concentration 
exceeds a certain value. 

537.311.33:546.28 454 
Precipitation of Impurties at Dislocations in 

Heat-Treated Silicon-S. NI yburg. (Phys. 
Rev., vol. 95, pp. 838-839; August 1, 1954.) 
Results of experiments indicate that impurities 
are precipitated at dislocations when Si single 
crystals are heated at temperatures below 
900 C. The heating was performed in vacuum 
by passing current through the specimens, and 
the effects were studied by measurements of the 
room-temperature conductivity after quench-
ing. The critical temperature of 900 degrees C. 
is that at which plastic deformation is first ob-
served in Si; a similar critical point is observed 
in Ge at about 500 degrees C. [2430 of Septem-
ber (Fuller et al.)]. 

537.311.33: [546.289 + 546.28+ 546.24 455 
Effect of Surface Levels on Electrical Prop-

ties of Fine-Grain Films of Ge, Si. and Te- - 
Ya. E. Pokrovski. (Zh. Tekh. Fiz., vol. 24, 
pp. 1229-1243; July, 1954.) The Hall coeffi-
cient and resistivity of films prepared by con-
densation in vacuum were determined over the 
temperature range from about - 180 degrees C. 
up to several hundred degrees C. The grain 
dimensions, which were in the region of 10-2 
-10-2 cm, were controlled by using thin quartz 
base plates at various temperatures. Results, 
which are presented graphically, indicate that 
the surface levels of Ge are acceptor levels 
filled, at room temperature, with electrons at 
a density of about 3.5 X 1011 cm-2; the activa-
tion energies of the surface levels are about 
0.004, 0.02 and 0.055 ev. The properties of Si 
films can be explained if it is assumed that an 
empty band lies just above a filled surface 
band, both near the middle of the forbidden 
band. Te has acceptor surface levels lying above 
the filled band. 

537.311.33:546.289 456 
Ionization Energies of Groups III and V 

Elements in Germanium-T. H. Geballe and 
F. J. Morin. (Phys. Rev., vol. 95, pp. 1085 - 
1086; August 15, 1954.) Experiments indicate 
that differences between the ionization energies 
of Group-III acceptors and Group-V donors in 
Ge are similar to, but less pronounced than, 
those previously reported for Si [Bull. Amer. 
Phys. Soc., vol. 29, p. 22; 1954. (Morin et al.)]. 

537.311.33:546.289 457 
Theory of Dislocations in Germanium--

W. T. Read, Jr. (Phil. Mag., vol. 45, pp. 775-
796; August, 1954.) Theory is discussed 
quantitatively on the basis of a model due to 
Shockley (Phys. Rev., vol. 91, p. 228; 1953). In 
n-type Ge a dislocation gives rise to a row of 
acceptors; the space charge which develops as 
these accept electrons has a controlling influ-
ence in determining the occupation of the 
remaining centers. Formulas are derived for 
the temperature variation of the average elec-
tron concentration in slightly deformed speci-
mens. Experimental methods for testing the 
theory are suggested. 

537.311.33:546.289:541.135 458 
Self-Powered Semiconductor Amplifier-

C. G. B. Garrett and W. H. Brattain. (Phys. 
Rev., vol. 95, pp. 1091-1092; August 15, 1954.) 
A slice of n-type Ge with an In-alloyed emitter 
on one surface has its other surface exposed to 
a suitable electrolyte. Another electrode having 
a half-cell potential higher than that of Ge is 
also placed in the electrolyte. Connections are 
made to the In, to a gold-bonded contact on 
the Ge, and to the other electrode. Such a 
unit constitutes an amplifier incorporating its 
own power supply, multiplication of holes 
taking place at the Ge/electrolyte surface. 
Measured values between 1.4 and 2.0 have been 
obtained for the current gain. The cut-off fre-
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quency is comparable to that of a transistor 
of similar dimensions. 

537.311.33:546.3-1-28-289 459 
Energy Gap of Germanium-Silicon Alloys— 

A. Levitas, C. C. Wang and B. H. Alexander. 
(Phys. Rev., vol. 95, p. 846; August I, 1954.) 
Measured values of energy gap are shown 
graphically against alloy composition. 

537.311.33:546.3-1-28-289 460 
Speculations on the Energy-Band Structure 

of Ge-Si Alloys—F. Herman. (Phys. Rev., vol. 
95, pp. 847-848; August 1, 1954.) 

537.311.33:546.46-31 461 
Electrical Conductivity of Magnesium Ox-

ide Single Crystals—E. Yamaka and K. 
Sawamoto. (Phys. Rev., vol. 95, pp. 848-850; 
August 1, 1954.) Results of experiments indi-
cate that the 2.3-ev energy level available to 
the charged carriers originates from excess Mg 
and not from excess 0 atoms. 

537.311.33:546.682.18 462 
Optical Properties of Indium Phosphide in 

the Infrared—F. Oswald. (Z. Naturf., vol. 9a, 
p. 181; February, 1954.) Report of measure-
ments over the wavelength range 0.8-15.2 on 
an n-type specimen of resistivity 0.1 11 cm. A 
sharp absorption edge is found corresponding 
to an energy gap of 1.25 ev. Absorption ob-
served at wavelengths > 14.5 µ may be due 
either to an impurity or to the lattice vibra-
tions. 

537.311.33: [546.682.86+546.289 463 
Analysis of Magnetoresistance and Hall 

Coefficient in P-Type Indium-Antimonide and 
p-Type Germanium—T. C. Harman, R. K. 
Willardson and A. C. Beer. (Phys. Rev., vol. 
95, pp. 699-702; August 1, 1954.) Existing 
theory is re-cast in a form convenient for the 
analysis of experimental results. For p-type 
InSb good agreement is obtained between ex-
perimental and theoretical results; in the case 
of p-type Ge the theory is not capable of ex-
plaining the experimentally observed variations 
cf Hall coefficient with magnetic field or of 
magnetoresistance with temperature. 

537.311.33:546.722-31 464 
Application of RS. Absorption in Iron 

Oxides to the Determination of the Activation 
Energy of their Lattice Defects—B. Hagène. 
(Jour. Phys. Radium, vol. 15, pp. 583-584; 
July/September, 1954.) Continuation of work 
reported previously [2328 of 1953 (Freymann 
et al.)]. Examination of experimental curves in 
the light of the formula relating frequency of 
maximum Debye absorption to absolute tem-
perature indicates that for iron oxide mixtures 
in group the activation energy is ev, 
probably related to defects due to the presence 
of Fe30.. For another group the activation 
energy is 0.5-0.9 ev, possibly corresponding to 
an electronic phenomenon. The activation 
energy of aFe203 is 0.4 ev and of ee2030.07 ev. 

537.311.33:548.53 465 
Solute Redistribution by Recrystallization 

— R. G. Pohl. (Jour. Ape Phys., vol. 25, pp. 
1170-1178; September, 1954.) Theoretical in-
vestigation of the modification of the distribu-
tion of impurities in a melt of metal or alloy 
during solidification. Results are presented 
graphically and tabulated, and are compared 
with previously published findings. 

537.311.33:621.314.7 466 
Transistor Electronics: Imperfections, 

Unipolar and Analog Transistors: Parts 2 and 3 
— W. Shockley. [Proc. IRE (Australia), vol. 
15, pp. 194-201 and 228-234. August and 
September, 1954.1 Reprint, see 746 of 1953. 
Part 3600 of 1954. 

537.582 467 
Thermionic Constants of Metals and Semi-

conductors: Part 4—Monovalent Metals (con-
tinued)—S. C. Jain and K. S. Krishnan. 

(Proc. Roy. Soc. A, vol. 225, pp. 159-172; Au-
gust 31, 1954.) Regarding the electrons in the 
metal and in the vapor phase as a single-com-
ponent thermodynamic system, the tempera-
ture coefficient of the work function 4) corre-
sponds to an apparent lowering of Richard-
son's constant A by about 8-10 per cent. This 
agrees with experimental results. The effects of 
thermal expansion of the lattice and thermal 
agitation of the atoms on 4) practically cancel 
each other, so that the observed variation of 
with temperature may be regarded as due to 

electronic specific heat alone. Part 3: 2700 of 
1953. 

538.221 468 
The Spontaneous Magnetization of Alloys: 

Part 1—Copper Nickel Alloys—D. J. Oliver 
and W. Sucksmith. (Proc. Roy. Soc. A, vol. 219, 
pp. 1-17; August 11, 1953.) Report and dis-
cussion of measurements made to determine the 
variation of spontaneous magnetization with 
temperature. A magnetothermal method gives 
a curve below that obtained from purely mag-
netic measurements. The relation of the mag-
netocaloric temperature rise to the square of 
the magnetization is nonlinear above the 
Curie point. 

538.221 469 
Temperature of Heating in Thermomag-

netic Treatment of Magnico Alloy—G. F. 
Golovin and A. A. Shekalov. (Zh. Tekh. Fiz., 
vol. 24, pp. 1503-1507; August, 1954.) The 
effect was investigated experimentally of vari-
ous heat treatments of the alloy (50.5 per cent 
Fe-23.6 per cent Co-13.6 per cent Ni- 8.6 
per cent Al-3.0 per cent Cu-0.05 per cent C) 
on the structure and magnetic properties. 
Results are presented graphically and micro-
photographs of surface structure are shown. 

538.221 470 
A Theory of Domain Creation and Coercive 

Force in Polycrystalline Ferromagnetics—J. B. 
Goodenough. (Phys. Rev., vol. 95, pp. 917-932; 
August 15, 1954.) "Granular inclusions, grain 
boundaries, lamellar precipitates, and the 
crystalline surface have been examined as pos-
sible nucleation centers for domains of reverse 
magnetization in ferromagnetic materials. It 
is concluded that the surface density of mag-
netic poles at the grain boundaries is the most 
common source of nucleation energy in poly-
crystalline materials. The concept of nuclea-
tion of domains of reverse magnetization has 
led to a calculation of three more terms which 
may contribute to the coercive force in poly-
crystalline materials, viz., a grain-boundary, 
a lamellar-precipitate, and a domain-wall-
surface-tension contribution. The theoretical 
predictions are compared with several old ex-
periments. New insight is gained on the prob-
lem of stress sensitivity of polycrystalline fer-
romagnetics and B- H loop shape." 

538.221:538.114 471 
Theory of Ferromagnetic Resonance and 

Results of Experimental Investigation—K. H. 
Reich. (Z. angew Phys., vol. 6, pp. 326-338; 
July, 1954.) A survey of experimental and some 
theoretical work, with particular reference to 
Kittel's theory. 83 references include work up 
to October 15, 1953; several more recent refer-
ences are given in the addendum. 

538.221:538.652 472 
Investigation of Magnetostriction of Iron-

Nickel Alloy in Strong Magnetic Fields— G. P. 
D'yakov and R. A. Reznikova. [Comp:. Rend. 
Acad. Sci. ( URSS), vol. 97, pp. 633-634; 
August I, 1954. In Russian.] An experimental 
investigation of wires of composition 41 per 
cent Fe and 59 per cent Ni is reported. Plot-
ting X.-X against H-2, where X. is the satura-
tion magnetostriction and H the magnetizing 
field, results in a straight line the slope of which 
is 32 K2 X./35 J.2, where K is a magnetic 
anisotropy constant and J2 the saturation mag-
netization. The result is briefly discussed. 

538.221:538.652 473 
Magnetostriction of Ferromagnetic Alloys 

based on Manganese—D. I. Volkov. [Comp:. 
Rend. Acad. Sci. ( URSS), vol. 97, pp. 809-
811; August 11, 1954. In Russian.] The ma-
terials investigated comprised the binary Mn 
alloys with Sb, Bi and Sn, and alloys of the 
type Cu-Mn-X, where X is Al, Sn, or Bi. 
Several of these are highly magnetostrictive 
both at room temperature and at - 195 degrees 
C. The magnetostriction of 31.2 per cent Mn-
68.8 per cent Sb rises to a value more than 
twice that of Ni at saturation; the longitudinal 
magnetostriction of 30.9 per cent Cu- 14 per 
cent Mn - 55.1 per cent Bi is about - 140X 10-6 
at saturation, a value nearly equal to that for 
the best Pt-Fe alloy investigated by Kuss-
mann and Rittberg (2788 of 1950). Experimen-
tal curves are given for several alloys. 

538.221:538.652 474 
A Peculiarity of Magnetostrictive Proper-

ties of Mn-Sn Ferromagnetic Alloys—D. I. 
Volkov and V. I. Leont'ev. [Compt Rend. 
Acad. Sci. ( URSS), vol. 97, pp. 995-997; 
August 21, 1954.] Results are reported of an 
experimental determination of the longitudinal, 
transverse and volume magnetostriction in 
Mn-Sn alloys containing between 42 and 48 
per cent Mn, at temperatures of - 78 degrees 
and - 195 degrees C. All three magnetostric-
tion coefficients were found to be negative at 
saturation. 

538.221:621.318.134 475 
The Spontaneous Magnetization of Alloys 

and Compounds: Part 2— Ferrites— C. A. 
Clark and W. Sucksmith. (Proc. Roy. Soc., A. 
vol. 225, pp. 147-159; August 31, 1954.) Mag-
netic and magnetocaloric measurements have 
been made on Mn ferrite and Mg-Zn ferrite. 
Values of spontaneous magnetization obtained 
by three extrapolation techniques are similar; 
this agreement is maintained at temperatures 
about the Curie point, in contrast to the results 
for ferromagnetic materials [part 1: 468 above 
(Oliver and Sucksmith)]. The saturation mag-
netization of both ferrites and the reduced-
magnetization/reduced-temperature curve for 
Mn ferrite are in satisfactory agreement with 
Néel's theory. 

538.221:621.318.134 476 
Magnetic Ferrites: New Materials for 

Modern Applications—V. E. Legg and C. D. 
Owens. (Elec. Eng. ( N.Y.), vol. 73, pp. 726-
729; August, 1954.) Review of properties and 
applications of different ferrites, with a note on 
manufacturing processes. Typical characteris-
tics of NiZn, MnZn and Ni ferrites are tabu-
lated. Q values and applications in different 
frequency ranges are listed. 

538.247 477 
Investigation of Hysteresis of Ballistic De-

magnetization Factor—A. P. Lyustrova and 
V. A. Lipatova. (Zh. Tekh. Fig., vol. 24, pp. 
1513-1519; August, 1954.) An euperimental in-
vestigation is reported. Soft and hard ferro-
magnetic specimens in prismatic form were 
used. 

621.315.61:537.533.8 478 
A Method of investigating the Secondary 

Emissive Properties of Insulators—C. N. W. 
Litting. (Brit. Jour. Ape Phys., vol. 5, pp. 
289-293; August, 1954.) The method is limited 
to surfaces with 6>1. The insulator under in-
vestigation is in contact with a backing plate to 
which is applied a square wave whose mark 
/space ratio is varied to obtain zero net loss of 
charge from the surface over a complete cycle. 
The mark/space ratio of this waveform is then 
used to compute the value of 6. Results ob-
tained from simultaneous measurements using 
this method and a dc one show very good agree-
ment. Difficulties are discussed. The method 
may also be used to determine the energy dis-
tribution of the secondary electrons. 
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621.315.612:537.226.31 479 
Dielectric Losses in High-Frequency Ce-

ramics—N. P. Bogoroditski and I. D. Fridberg. 
(Zh. Tekh. Fiz., vol. 24, pp. 1194-1204; July, 
1954.) A discussion of prev•ously published ex-
perimental results is used as a basis for classi-
fying dielectric loss mechanisms; seven main 
types are tabulated and the conditions for 
these losses to be low or high are stated. 

621.315.612:621.385.032 480 
Advances in Ceramics related to Electronic 

Tube Developments—L. Navias. (Jour. Amer. 
Ceram. Soc., vol. 37, pp. 329-350; August 1, 
1954.) A detailed study is made of the physical 
properties of alumina, forsterite, zircon-talc 
and steatite in relation to the requirements of 
tubes for operation in the 3-cm waveband. The 
development of sealing techniques is described, 
and details are given of methods of making 
ceramic/metal seals using (a) Mn-Mo, (b) 
Mo03 or (c) TiH2 as the metallizing agent. 

621.315.613.1 481 
Three Forms of Synthetic Micas—T. B. 

Merrill, Jr. (Materials and Methods, vol. 40, pp. 
80-83; August, 1954.) Discussion of the prepa-
ration, properties and uses of material obtained 
by (a) glass-bonding finely powdered mica, (b) 
reconstituting small flakes into sheets by 
calendering, or (c) hot-pressing finely powdered 
mica into homogeneous blocks. 

621.791.3:546.621 482 
Soldering Aluminum—J. C. Bailey and J. 

A. Hirschfield. [Research ( London), vol. 7, pp. 
320-326; August, 1954.] A review is presented 
of methods, materials, techniques and applica-
tions. Tables are given of the composition of 
various solders and their melting points, and of 
results of breaking and tensile strength tests on 
soldered joints. Solder embrittlement and cor-
rosion are also discussed. 

MATHEMATICS 
517 483 

On the Behavior of the Solutions of the Dif-
ferential Equation AU=F(x, U) in the Neigh-
borhood of a Point—C. Müller. (Commun. pure 
App!. Math., vol. 7, pp. 505-515; August, 
1954.) An equation involved in the theory of 
em oscillations is investigated. 

517.9 484 
An Extended Use of Perturbation Theory— 

R. N. Gould and A. Cunliffe. (Phil. Meg., vol. 
45, pp. 818-822; August, 1954.) A method of 
solving partial differential equations arising in 
boundary-layer problems is given. 

517.7 485 
Handbook of Elliptic Integrals for Engi-

neers and Physicists [Book Reviewl—P. F. 
Byrd and M. Friedman. Publishers: Springer, 
Berlin, Germany, 1954, 355 pp., 36 DM. 
(Arch. ele/el. übertragung, vol. 8, p. 403; Sep-
tember, 1954.) 

518.3 486 
Leitfaden der Nomographie [Book Review] 

-W. Meyer zur Capelien. Publishers: Springer, 
Berlin, Germany, 1953, 178 pp., 17.40 DM. (Z. 
angew. Phys., vol. 6, p. 384; August, 1954.) The 
theoretical bases of nomography are presented 
and numerous examples and applications are 
given. 

MEASUREMENTS AND TEST GEAR 

621.3.018.41(083.74)+529.7861:538.569.4 
487 

Atomic Clocks and Frequency Standards on 
an Ammonia Line: Parts 2 and 3.—K. Shimoda. 
[Jour. Phys. Soc. (Japan) vol. 9, pp. 558-575; 
July/August, 1954.] Use of the Zeeman and 
Faraday effects for eliminating causes of error 
in atomic clocks is examined. The nonreciprocal 
transmission characteristics of a waveguide 
absorption cell in an axial magnetic field are 
investigated theoretical.), in relation to the de-
sign of a highly accurate clock. An arrangement 

is described which makes use of Stark, source 
and Zeeman modulation and is free from errors 
due to reflections in the microwave line. Pre-
liminary results using a cell of length 1 m 
indicate that accuracy within 10-' is obtain-
able. 

621.3.018.41(083.74): 621.373.421.13 488 
Audio and R.F. Secondary Frequency 

Standard—R. C. Moses. (Radio-Electronic 
Eng., vol. 23, pp. 16-18, 30-31; August, 1954.) 
The frequency standard supplies sine-wave and 
square-wave outputs at five frequencies be-
tween 1 kc and 100 kc, and harmonics of a 
basic 100-kc oscillator up to 150 mc. The 100-
kc master oscillator is maintained at constant 
temperature and operated at very low power 
level. Supplementary crystal-stabilized 1-mc 
and 10-mc oscillators are used. The frequency 
divider comprises cascaded decade-scaling cir-
cuits with stability dependent primarily on 
tuned LC circuits. 

621.316.84(083.74) 489 
Enclosed Standard Resistors—A. Schulze 

and H. Zacherl. (Z. angew. Phys., vol. 6, pp. 
324-326; July, 1954.) The construction of the 
Au-Cr resistor [772 of 1953 (Schulze and 
Ericke)] and of the manganin resistor is modi-
fied to make it watertight. Helium is found to 
provide the best atmosphere for the Au-Cr 
type, argon or nitrogen for the manganin type. 

621.317.3 490 
Measurement Methods—(Fernmeldetech. Z. 

vol. 7, pp. 379-436; August, 1954.) A special 
number including the following papers: 

"Measurements on Coaxial Cables,"—A. 
Knacke (pp. 387-393.) The pulse reflection 
method is discussed. 

"High-Accuracy Direct-Indicating Frequency 
Meter,"—J. Hacks (pp. 394-398). Equip-
ment using counter circuits is described. 

"Development Trends in Impedance Meters 
for Very High Frequencies,"—R. Eichaker 
(p. 399). 

"Ratio Meter for Determination of Admit-
tance particularly in the U.S.W. Range,"— 
H. Fricke (p. 400). 

"Direct Indication of Envelope Delay in the 
Frequency Range 100 kc/s-5 Mc/s,"— 
W. Kaiser and H. Wilde (pp. 401-405). 
Variations of envelope transmission time 
down to 10-9 seconds are determined from 
very accurate phase measurements. 

"Investigations with a Direct-Indicating En-
velope-Delay Meter in the Range 60-90 
Mc/s,"---1-1. Reiner (pp. 406-409). Oscillo-
grams are shown of phase-delay character-
istics of various quadripoles, if amplifiers 
and imperfectly terminated cables. 

"Methods of Measurement of Impedance at 
Frequencies up to 10 kMc/s,"—A. Jau-
mann (pp. 410-418). Methods using 
bridges and directional couplers for meas-
urement of impedance or reflection coeffi-
cient are described. 

"Noncontacting Plungers for Microwave In-
struments,"—J. Deutsch and O. Zinke (pp. 
419-424). New designs give increased 
bandwidth and reduced losses. 

"Time-Expanding Methods for Cathode-Ray 
Oscillographs,"—J. Czech (pp. 425-430). 

621.317.3:621.314.7 491 
Stability Considerations in the Parameter 

Measurements of V.H.F. Point-Contact Trans-
istors—D. E. Thomas. (PRoc. I.R.E., vol. 42, 
pp. 1636-1644; November, 1954.) In early 
forms of measurement equipment for transis-
tors the a cut-off frequencies involved were 
low enough for lead impedances and parasitic 
shunt capacitances to be neglected. Modified 
forms of equipment are discussed suitable for 
dealing with later types of transistor having a 
cut-off frequencies in the vhf range. Negative-
resistance collector regions may give rise to dis-
continuities in the static characteristics. Simple 
circuits are shown for characteristic-curve 

tracers with either oscilloscope or X-Y re-
corder presentation. 

621.317.3:621.396.674.1 492 
Generation of Standard Fields in Shielded 

Enclosures—F. Haber. (PRoc. I.R.E., vol. 42, 
pp. 1693-1698; November, 1954.) With the 
known method of calibrating loop antennas by 
arranging the loop in the vicinity of a radiating 
wire inside an enclosure, the boundary condi-
tions in the formulas involved are satisfied for 
an infinite set of images. Errors are introduced 
if consideration is limited to one or two images; 
errors are also caused by frequency limitations. 
New formulas are derived which give the field 
strength accurate to within I per cent for low 
and medium frequencies. A method of esti-
mating the error for high frequencies is dis-
cussed. 

621.317.331 493 
An Absolute Measurement of Resistance by 

Albert Campbell's Bridge Method—G. Fl. 
Rayner. (Proc. IEE, part IV, vol. 101, pp. 
250-257; August, 1954. Digest, ibid., part II, 
vol. 101, pp. 574-575; October, 1954.) Two 
determinations of the unit of resistance in 
terms of mutual inductance and frequency 
were made during 1951 using Campbell's 
bridge method. They gave the same value 
within I part per million, and the mean value 
agreed with that found in 1936 to the same 
accuracy. The value obtained for the ohm as 
maintained by the group of coils forming the 
reference standard at the National Physical 
Laboratory is: 1 N.P.L. ohm = 1.000 002 
± 0.000 015 absolute ohm. 

621.317.331:621.385.032.216 494 
Sensitive Apparatus for the Measurement 

of Cathode Parasitic Resistance—Sevin. (See 
598.) 

621.317.333.6.029.62 495 
A Breakdown Cell for Measuring the Di-

electric Strength of Solids at 100 Megacycles— 
L. J. Frisco and J. J. Chapman. (Rev. Sci. 
Instr., vol. 25, pp. 733-737; August, 1954.) The 
cell is liquid-filled and contains the specimen 
under test, a high-voltage resonant circuit, and 
a built-in probe for measuring voltage. The 
calibration of the voltage-measurement net-
work is discussed. 

621.317.335: 621.317.336.029.6 496 
The Computation of the Complex Dielectric 

Constant from Microwave Impedance Meas-
urements—J. P. Poley. (App!. Sci. Res., vol. 
B4, pp. 173-176; 1954.) Diagrams supplement-
ing that developed by Benoit (935 of 1950) are 
presented for facilitating determination of the 
complex dielectric constant. 

621.317.335:621.372.413 497 
Dielectric Measurements with Hoso Reso-

nant Cavities having Appreciable Loading— 
J. L. Farrands. (Proc. I EE, part III, vol. 101, 
pp. 404-406; November, 1954.) " Modifications 
to the usual formulas for dielectric measure-
ments in H-mode cavities are suggested to al-
low for damping due to coupling irises. The 
correction permits the use of low-level sources." 

621.317.335.2.029.4 498 
The Measurement of Capacitance at Low 

Frequencies—P. Phillips. [Paoc. IRE (Aus-
tralia), vol. 15, pp. 191-193; August, 1954.] 
"The fundamental formulas relating the series 
and parallel equivalent circuits of a lossy ca-
pacitor are given and some methods of measur-
ing capacitor properties at low frequencies are 
discussed." 

621.317.335.3(083.74) 499 
Capacitor with Definite Loss Angles for 

Checking Bridge Measurements at Power 
Frequency—A. W. Stannett. (Jour. Sci. Instr., 
vol. 31, p. 304; August, 1954.) Description of 
improvements to the synthetic "lossy" capaci-
tor constructed to represent a filled oil cell and 
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required in connection with the international 
comparison of power-factor measurements. 

621.317.353+621.396.8221: 621.316.8 500 
New Resistor Voltage-Coefficient Tester— 

Rosenthal and Louis. (See 355.) 

621.317.42:621.385.832 501 
The Use of an Electron Beam for the Ac-

curate Measurement of Alternating Magnetic 
Field Strengths —S. E. Barden and K. Phillips. 
(Proc. IEE, part II, vol. 101, pp. 441-449; 
August, 1954. Digest, ibid., part Ill vol. 101, 
p. 406; November, 1954.) A method of making 

measurements relative to a standard field uses 
a lv electron-optical system which produces a 
beam if the magnetic field in which it is placed 
is less than or of the order of 0.01G. The meas-
urement is based on the voltage pulse produced 
at field zero. The operation of the instrument in 
time-varying fields such as those in particle 
accelerators is discussed. 

621.317.44 502 
An Automatic Plotter for Magnetic Hys-

teresis Loops—H. McG. Ross. (Proc. IEE, 
part II, vol. 101, pp. 417-427; August, 1954. 
Discussion, pp. 427-430.) An instrument is de-
scribed with which measurements are made 
under substantially zero-frequency conditions, 
the period of the cycle being nearly one minute. 
The magnetic flux is detected by a search coil 
on the sample, the emf being amplified and in-
tegrated by a variable-speed motor on the 
plotting table, whereby the displacement of 
the pen is a measure of the magnetic induction. 
Calibration is in terms of voltage and time. 

621.317.7:621.373.421.1 503 
Small-Amplitude Oscillator for Capacitive 

Measurement of the Deflection of Sensitive 
Rotating Systems—J. W. Hiby and K. G. 
Müller. (Z. angew. Phys., vol. 6, pp. 361-363; 
August, 1954.) In a modified form of the ca-
pacitance micrometer using a quartz resonator, 
described e.g. by Dye (Proc. Phys. Soc., vol. 
38, pp. 399-457; 1926.), the oscillation ampli-
tude is made very small so that the mechanical 
force on the oscillator plate is practically zero. 
Variation from the nominal frequency of 3.17 
mc is not more than 5 parts in 106. Spontaneous 
amplitude fluctuations occur when the ampli-
tude falls below 15 invert. 

621.317.723 504 
A General-Purpose Electrometer—R. M. 

Fry. (Jour. Sci. ¡asir., vol. 31, pp. 269-271; 
August, 1954.) An instrument based on the 
Townsend null method, but incorporating 
automatic adjustment of the compensating 
voltage, is described. It is suitable for free-air-
chamber work and for extrapolation-chamber 
work over the current range 10-'2-10-6 a, 
and can be adapted for use in a bridge circuit 
for capacitance measurement. 

621.317.729 505 
Some Applications of the Electrolytic Tank 

to Engineering Design Problems--H. Diggle 
and E. R. Hartill. (Proc. IEE, part II, vol. 
101, pp. 349-364; August, 1954. Discussion, 
pp. 364-368.) The solution of problems relating 
mainly to electric and magnetic fields is dis-
cussed. 

621.317.733:621.317.4 506 
A New Method for Measurement of Com-

plex Susceptibility by Magnetic Resonance 
Absorption in the U.S.W. Range—W. M filler-
Warmuth. ( Naiurwiss., vol. 41, p. 368; 
August, 1954.) A bridge method is used in 
which the balance is highly sensitive to the ab-
sorption. A special heterodyne receiver is used 
as a null indicator instrument. 

621.317.743:621.372.56 507 
A Radio-Frequency Transformer Attenu-

ator for use with a Level Recorder—C. G. 
Mayo and R. E. Jones. (Proc. IEE, part III, 
vol. 101, pp. 401-403; November, 1954.) An 

attenuator for operation at 10.7 mc is described 
which can be substituted for the potentiometer 
of a commercial high-speed level recorder 
without requiring modification of the latter. A 
method of recording field strength is indicated 
using the attenuator and level recorder with a 
receiver having an IF of 10.7 mc. 

621.317.784.029.63 508 
U.H.F. Meter measures Low Power Levels 

—R. L. Bailey and J. B. Quirk. (Electronics, 
vol. 27, pp. 159-161; November, 1954.) A 
coaxial-line device is described for measuring 
power in the range 10-100 mw at frequencies up 
to 900 mc with an insertion loss < 0.8 db. 

621.37/.39.001.4 509 
Pan-climatic Testing—G. W. A. Dummer, 

S. C. Schuler and J. E. Green. (Wireless World, 
vol. 60, pp. 598-600; December, 1954.) Infor-
mation compiled for the Ministry of Supply 
K. 114 series of test schedules for Service equip-
ment is summarized. The tests cover combina-
tions of extreme climatic conditions and me-
chanical stresses. A list is given of common 
faults in electronic equipment as indicated by 
this series of tests. 

621.373.4.029.64 510 
New 7-11-kMc/s Signal Generator yields 

Valuable Design Hints—A. Fong. (Tele-Tech, 
vol. 13, pp. 92-93, 184; August, 1954.) An 
account is given of some of the problems en-
countered in the design of a signal generator 
suitable for pulse work, slotted-line work and 
applications requiring a sawtooth FM signal. 
The oscillator uses a Type-5721 reflex klystron 
with a 1X coaxial-line resonator. The frequency 
range is covered by means of two repeller 
modes: the 31 mode for the 7-9 kmc range, the 
4, mode above 9 kmc. A special plunger is 
used to suppress the X/4 resonator mode. A 
waveguide operated beyond cut-off is used as 
output attenuator. The power-output monitor 
is also briefly discussed. 

621.397.61.001.4 511 
Color Test Technique for TV Broadcasters 

--J. W. Wentworth. (Electronics, vol. 27, pp. 
120-123; November, 1954.) Methods of testing 
the amplitude/frequency, phase/frequency, 
differential-gain and differential-phase char-
acteristics of transmitters are outlined. Color-
bar and dot-pattern generators are described. 

621.397.62.001.4 512 
Measurements on Television Receivers: 

Part 5—Measurements on the Deflection 
System—O. Macek. (Arch. tech Messen, no. 
224, pp. 205-208; September, 1954.) Part 4: 
3634 of 1954. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

526.2: 535.22.082.5/.7 513 
The Geodimeter—an Electronic "Eye" 

for Measuring Distance—C. E. Granqvist. 
(Tele-Tech, vol. 13, pp. 68-69, 148; September, 
1954.) Bergstrand's Kerr-cell method of meas-
uring the velocity of light (3396 of 1952) is 
applied to the converse problem of distance 
measurement. 

535.24:778 514 
A Simple Integrating Light Meter—W. 

Hartnagel. (Z. angew. Phys., vol. 6, pp. 310-
313; July, 1954.) The measurement is affected 
by means of a photocell, the current from which 
periodically discharges a capacitor; the latter 
is automatically recharged by a relaxation os-
cillator which simultaneously actuates a 
counter. 

621.316.718:534.85:621.94 515 
Recorder-Controlled Automatic Machine 

Tools—E. W. Leaver and G. R. Mounce. 
(Electronics, vol. 27, pp. 124-128; November, 
1954.) Description of the operation of an engine 
lathe in which the carriage feed and cross feed 
are actuated by motors controlled by signals 

magnetically recorded on wire or tape. A sinu-
soidal reference oscillation is used. 

621.317.39:61 516 
Electrical Techniques in Medicine—C. N. 

Smyth. (Trans. Soc. ¡asir. Tech., vol. 6, pp. 
84-95; June, 1954. Discussion, pp. 95-96.) A 
survey is presented of electrical instruments 
with particular reference to the measurement 
of pressure and strain. About 100 applications 
are classified in nine main groups and the prin-
ciples of operation of several instruments, such 
as the ultrasonic microscope, are briefly de-
scribed. 63 references. 

621.383.2: 778.37 517 
Application of the Electron-Optical Con-

verter for Photography of High-Speed Proc-
esses—M. P. Vanyukov and E. V. Nilov. 
(Zh. Tekh. Fiz., vol. 24, pp. 1209-1218; July, 
1954.) Application of the A.E.G. electrostati-
cally focused three-electrode image-converter to 
the photography of spark discharges of dura-
tion 0.4-2 iss is discussed. Image distortion ob-
served with photocathode illumination > 106 
lux is related to the field distribution in front 
of the photocathode and the build-up of the 
space charge. 

621.384.611 518 
Alternating Gradient Focusing of Cyclotron 

External Beam—E. L. Hubbard and E. L. 
Kelly. (Rev. Sci. Instr., vol. 25, pp. 737-739; 
August, 1954.) Description of an arrangement 
comprising three alternately converging and 
diverging electrostatic lens elements of hyper-
bolic cross section for focusing the 1-MeV ex-
ternal proton beam for the 20-inch Berkeley 
cyclotron. 

621.385.833 519 
Requirements contributing to the Design 

of Devices used in correcting Electron Lenses 
--G. D. Archard. (Brit. Jour. Appi. Phys., 
vol. 5, pp. 294-299; August, 1954.) Voltage re-
quirements and positioning tolerances are dis-
cussed. 

621.385.833 520 
Experimental Investigation of Cylindrical 

Magnetic Electron Lenses—V. M. Kel'man, 
D. L. Kaminski and S. Ya. Yavor. (Zh. Tekh. 
Fiz., vol. 24, pp. 1410-1427; August, 1954.) 
Formulas derived, assuming the lens field to 
be practically equal to that produced by equal 
currents flowing in opposite directions along 
two parallel infinitely long wires, were tested 
experimentally. The calculated and measured 
values were in good agreement. Results for 
one lens and for a system of two cylindrical 
lenses are presented graphically and the ap-
paratus used is briefly described. 

621.385.833 521 
The Theoretical Resolving Power of an 

E.S. Immersion Objective—A- Septier. (Jour. 
Phys. Radium, vol. 15, pp. 573-581; July/ 
September, 1954.) Calculations based on geo-
metrical optics give a limiting value of the 
order of 30 mg for the resolving power. This 
might be reduced to about 10 mg by special 
grid design, but spherical aberration is then of 
the same order of magnitude. Calculations 
based on the distribution of electron density 
in planes adjacent to that of the Gaussian 
image give a theoretical limiting value of the 
order of 1 mp. 

621.385.833:537.533 522 
Field-Emission Current Densities and Sur-

face Field Strengths in Field-Emission Micro-
scopes, and Methods for the Determination of 
the Radius and Shape of the Point, the Mag-
nification and the Resolving Power—M. Drechs-
ler and E. Henkel. (Z. angew. Phys., vol. 6, 
pp. 341-346; August, 1954.) 

621.387.424 523 
The Efficiency of Halogen-Quenched 

Geiger-Counters for X Rays—D. van Zoonen. 
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(Appi. Sci. Res., vol. B4, no. 3, pp. 196-204; 
1954.) 

621.387.424 524 
Small-Diameter Geiger-Millier Counters 

with External Cathode—D. Blanc. (Jour. 
Phys. Radium, vol. 15, p2. 590-591; July! 
September, 1954.) Counters 6 mm in diameter, 
with methylal/argon filling, and having a 
Geiger threshold of 820 y are described. 

621.398: 621.396.65 525 
Radiation Monitor for Atomic Explosions— 

(Tech. News Bull. Nat. Bur. Stand., vol. 38, 
pp. 116-118; August, 1954.) Data on the radia-
tion intensity and other variables in the neigh-
borhood of the explosion are automatically 
measured and transmitted Dy radio to a con-
trol station, where the operator is able to select 
one of several data stations and is also able to 
select the particular property on which to be 
informed. The vhf FM radio link and station 
interrogation system are based on standard 
equipment including a 0.25-w portable trans-
mitter-receiver. Repeater stations capable of 
handling information from ten data stations 
are located at positions of high elevation. 

681.81 : 621.3 526 
Electronic Musical Instruments—W. Kwas-

nik. (Elekirolech. Z., Edn.B, vol. 6, pp. 305-
312; August 21, 1954.) A historical survey from 
1761 up to date includes brief descriptions of 
instruments, their principles of operation and 
circuits used. 31 references. 

PROPAGATION OF WAVES 

538.566:537.562:621.37 527 
Analogues of an Ionized Medium—R. N. 

Bracewell. (Wireless Eng., vol. 31, pp. 320-326; 
December, 1954.) The propagation of plane 
waves in ionized media can be represented by 
equations of the same form as those represent-
ing wave propagation in transmission lines. 
Equivalent circuits are presented for propaga-
tion in (a) free space, (b) an ionized medium, 
(c) an ionized medium, taking account of col-
lisions, (d) the ionosphere, taking account of 
inhomogeneities. The analogy provides an ex-
planation of the ability of a highly reflecting 
layer to transmit radiation if the medium be-
yond the reflecting layer satisfies certain con-
ditions of resonance. Mechanical and wave-
guide analogs of the ionized medium are also 
mentioned. 

538.566:551.510.535 528 
The Propagation of Long Electric Waves 

round the Earth in relation to Transmission 
Interference and Lightning Atmospherics— 
W. O. Schumann. (Z. angew. Phys., vol. 6, pp. 
346-352; August, 1954.) Literature on long-
wave propagation is surveyed. In order to ex-
plain the "slow-tail" phenomena of atmospher-
ics, very low values of ionosphere conductivity 
must be assumed. On the other hand, in order 
to explain numerous observations of signals 
comprising multiply reflected pulses high con-
ductivity must be assumed, and in some cases 
different reflection heights. Further observa-
tions and analysis are required. 

621.396.11 + 551.510.53 529 
Rocket Exploration of the Upper Atmos-

phere—Boyd, Seaton and Massey. (See 424.) 

621.396.11 530 
Velocity of Radio Waves—R. L. Smith-

Rose. (Wireless World, vol. 60, pp. 590-591; 
December, 1954.) At the 11th General As-
sembly of the International Scientific Radio 
Union in 1954 the value of 299792 ± 2 km was 
adopted for the velocity of em waves in 
vacuum. The circumstances leading to this de-
cision are outlined. 

621.396.11 531 
The Extension of Sommerfeld's Formula 

for the Propagation of Radio Waves over a 
Flat Earth, to Different Conductivities of the 

Soil—H. Bremmer. (Physica, vol. 20, pp. 441-
460; August, 1954.) Propagation over a mixed 
terrain is discussed, starting from an integral 
equation of the type used by Hufford (2311 of 
1952). Such an integral equation can take ac-
count of different distributions of the dielectric 
constant and conductivity in the region be-
tween the point source and the receiving point. 
The solution for the special case of two ad-
jacent homogeneous media is identical with 
Clemmow's solution (3688 of 1953). Expres-
sions derived are suitable for numerical com-
putations. The case of three adjacent media is 
also investigated. 

621.396.11 532 
Ray-Path Characteristics in the Iono-

sphere—G. Millington. (Proc. IEE, part IV, 
vol. 101, pp. 235-249; August, 1954. Digest, 
ibid., part III, vol. 101, pp. 193-196; May, 
1954.) A quicker and more accurate method of 
making magneto-ionic calculations is presented 
than that previously given (778 of 1952), based 
on the introduction of a new parameter. Propa-
gation in the magnetic meridian plane is 
studied in detail, including the phenomenon 
described by Poeverlein of a cusp at the ray-
path apex within a certain critical angle of in-
cidence. The theory indicates that the effect of 
lateral deviation on direction finding is too 
small to be observable except under special 
conditions unlikely to occur in practice. 

621.396.11: 531.510.535 533 
Some Notes on the Absorption of Radio 

Waves reflected from the Ionosphere at Ob-
lique Incidence—W. J. G. Beynon. (Proc. IEE, 
part III, vol. 101, pp. 367-370; November, 
1954.) Discussion on 1550 of 1954. 

621.396.11 : 551.510.535 534 
The Reflection and Absorption of Radio 

Waves in the Ionosphere—W. R. Piggott. 
(Proc. IEE, part III, vol. 101, pp. 367-370; 
November, 1954.) Discussion on 1679 of 1953. 

621.396.11.029.45: 551.594.6 535 
Theoretical Calculations of Field of Low-

Frequency Electromagnetic Waves above 
Earth's Surface— Va. L. Al'pert. [Comm. 
Rend. Acad. Sci. (URSS), vol. 97, pp. 629-632; 
August, 1954. In Russian.] The propagation of 
lightning atmospherics at frequencies between 
about 0.5 and 15 kc is considered. Numerical 
results of field-strength calculations are pre-
sented graphically using a formula relating 
the field strength (in mv/m) at distances greater 
than about 50-100 km to the frequency, the 
antenna current (in a), the effective antenna 
and ionosphere heights and the distance (all in 
km), and functions of the reflection coefficient 
and complex permittivity of the ionosphere. 
Infinite conductivity of the earth's surface is 
assumed. The variation of the amplitude and 
of the phase velocity with distance is also shown 
graphically. Results are compared with ex-
perimental results of Chapman and Matthews 
(419 of 1954) showing the relation between 
relative amplitude and frequency at distances 
of 500, 1000 and 2000 km, and those of Weekes 
(1491 of 1950) showing the relation between 
signal strength X distance and distance; the 
frequency used in the calculation was near 15 
kc, that in the latter experiments 16 kc. Good 
agreement was obtained with both sets of ob-
servations, indicating that the irregular proper-
ties of the field are principally due to complex 
interference effects rather than to irregularities 
of the transmission medium. 

621.396.11.029.55 : 551.510.535 536 
Ionospheric Absorption at Vertical and 

Oblique Incidence—G. McK. Allcock. (Proc. 
IEE, part III, vol. 101, pp. 360-367; Novem-
ber, 1954. Discussion, pp. 367-370.) Research 
on ionospheric absorption is briefly reviewed 
and an account is given of an experimental in 
vestigation made in New Zealand during 1949-
1950. The relation between absorption at verti-

cal incidence and absorption over an 800-km 
oblique-incidence path was studied by meas-
urements on frequencies of 5.455 and 9.16 mc 
respectively. The observed results differ from 
those predicted by Martyn's absorption theo-
rem by an amount which is subject to a diurnal 
variation. Empirical formulas are derived for 
diurnal and seasonal variation of absorption. 

621.396.11.029.64 : 535.4 537 
The Reflection of Electromagnetic Waves 

From a Rough Surface—H. Davies. (Proc. 
IRE, part IV, vol. 101, pp. 209-214; August, 
1954. Digest, ibid., part III, vol. 101, p. 118; 
March, 1954.) A statistical method is used to 
investigate scattering and reflection from per-
fectly conducting surfaces having random ir-
regularities which are assumed to be not so 
large as to shield any part of the surface from 
the incident radiation. The method is used to 
study scattering of light by a disturbed water 
surface and to calculate the sea clutter in radar 
at centimeter wavelengths; the calculated re-
sults in the latter case are compared with ob-
servations reported previously [3257 of 1947 
(Davies and Macfarlane)] and the limitations 
of the approximation are discussed. 

621.396.812.029.62 538 
Long-Distance U.S.W. Reception—E. A. 

Lauter and L. Klinker. (NachrTech., vol. 4, 
pp. 242-247, 271; June, 1954.) Records of field-
strength measurements made at Kühlungsborn 
since 1951 are analyzed in respect of diurnal 
variations of mean level, sudden changes in 
level, and rapid fluctuations. Data cover trans-
missions in the 87.5-100-mc band over two 
200-km land paths and one 180-km sea path, 
and hourly records of some 30 transmissions 
over distances 50-500 km. Refraction theory 
accounts satisfactorily for propagation over 
distances up to three times the optical range; 
partial reflections can give field strengths below 
the horizon only 20-30 db below the level for 
free-space propagation; relatively high mean 
field strength at great distances during un-
stable atmospheric conditions is ascribed to 
scattering processes. 

621.396.812.3 539 
Spaced-Receiver Experiments on Radio 

Waves of 19-km Wavelength—J. Harwood. 
(Proc. IEE, part IV, vol. 101, pp. 183-186; 
August, 1954. Digest, ibid., part III, vol. 101. 
pp. 113-115; March, 1954.) Signals from GBR 
were received at a distance of about 100 km 
at two spaced sites. Fading records of the wave 
reflected from the ionosphere indicated the 
presence of a randomly varying component 
superposed on the steady amplitude. The cor-
relation between the records at the two receiv-
ing points was about 0.8 for a spacing of 15 km 
and 0.35 for a spacing of 40 km. The time 
variations of the random component were con-
sistent with reflection from scattering centers 
in the ionosphere moving with random veloci-
ties having an rms value of about 8 m/s in the 
line of sight, or drifting steadily with a velocity 
of about 100 m/s in a direction predominantly 
east-west. 

RECEPTION 

621.376.332:621.396.822 540 
The Statistical Properties of the Output of 

a Frequency Sensitive Device—G. R. Arthur. 
(Jour. Apy. Phys., vol. 25, pp. 1185-1195; 
September, 1954.) Analysis is presented for a 
frequency discriminator with an input consist-
ing of a narrow-band spectrum with random 
characteristics. For the case when the output is 
not filtered, a solution is found in which the 
output is given as the difference between two 
independent random quantities; the charac-
teristic function method is used. For the case 
when the discriminator is followed by a filter, 
a solution is found by determining the pre-
dominant moments of the output probability 
density from a series expansion. This method 
shows that the Gaussian density is approached 
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when the output filter has a very narrow pass 
band. 

621.396.62 541 
Ratio Squarer—L. R. Kahn. (Paoc. I.R.E., 

vol. 42, p. 1704; November, 1954.) Analysis 
indicates that in order to optimize the com-
bined output signal/noise ratio in a diversity 
system in which the signals are added linearly 
and the noise according to root mean squares, 
the ratio of the signal levels should be squared 
before combination. A block diagram of a cir-
cuit used in the U. S. Army AN/FGC-29 equip-
ment for obtaining the ratio squarer selection 
curve in a two-receiver system is shown. 

621.396.621:621.314.7 542 
Transistor Circuit—W. G. Walter and K. 

Walter. (Wireless World, vol. 60, p. 595; De-
cember, 1954.) The circuit is given of a highly 
selective receiver using a single junction transis-
tor and a Ge diode. The signal drive is on the 
emitter and the rectified signal is derived from 
a coil in the base circuit. 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.376:621.396.822 543 
Theoretical Limits for Transmission in the 

case of High Noise Level for Different Con-
tinuous and Coded Modulation Systems—F. de 
Jager. (Onde élect., vol. 34, pp. 675-682; Au-
gust/September, 1954.) Using optimum band-
width, the minimum power necessary for trans-
mitting a sinusoidal signal to give a signal/noise 
ratio of 30-40 db at the receiver output is 
roughly the same for FM, PPM, binary-code 
PM and delta modulation systems, the noise 
level in the transmission channel being such 
that the signal/noise ratio obtainable with ssb 
modulation using the same power is 17-20 db. 
The required minimum power is a few db higher 
if pulses are modulated at hf. When the trans-
mission chain comprises many sections the 
necessary power per section is much higher for 
continuous modulation systems such as FM 
and AM, but only a few db higher for coded 
systems. 

621.376.5:621.39 544 
Mean [energy) Spectrum of a Train of 

Pulses of Generally Periodic and Identical 
Character but Displaced and Deformed in a 
Random Manner—R. Fortet. (Onde elect., vol. 
34, pp. 683-687; August/September, 1954.) 
General formulas are derived, particular cases 
having been dealt with by Macfarlane (217 of 
1950). The spectrum comprises: (a) lines at 
harmonics of the theoretical pulse repetition 
frequency, the amplitudes being dependent on 
the deformation and displacement of the 
pulses; (b) a continuous spectrum dependent 
on both deformation and displacement; this 
disappears if the pulse train is undisturbed. 
Thus the ratio of the total energies of (a) and 
(b) is effectively a signal/noise ratio. 

621.396.41 545 
A New Frequency-Division Multiplex 

Radiotelegraphy System (MADFAS)—A. 
Niutta. (Poste e Telecomun., vol. 22, pp. 171-
178; April, 1954.) Description of a frequency-
shift system designed for high frequency sta-
bility and low frequency-band occupancy. The 
signal is generated in the af band and raised to 
radio frequency by successive modulations. A 
pilot frequency is transmitted for automatic 
control of the receiver oscillator. Tests made 
between Rome and Amsterdam gave satisfac-
tory results. 

621.396.712.3 546 
New Unit-Construction Studio Equipment 

—G. Schadwinkel. (Tech. Hausmitt. Nordw-
Dtsch. Rdfunks, vol. 6, nos. 5/6, pp. 137-140; 
1954.) Details are given of the microphone 
supply unit Type N52a and the adjustable 
bandpass filter Type W75k. 

621.396.933 547 
A Single-Sideband Controlled-Carrier Sys-

tem for Aircraft Communication—G. W. 
Barnes. (Proc. IEE, part III, vol. 101, pp. 
399-400; November, 1954.) Discussion on 
2512 of 1954. 

621.376.: 621.39 548 
Modulation Theory [Book Reviewl—H. S. 

Black. Publishers: Van Nostrand, New York 
and London, 1953, 363 pp., $8.75. (Science, vol. 
120, p. 342; August 27, 1954.) The subject is 
considered in the light of information theory, 
with primary emphasis on the systems aspect 
of modulation. The material presented has been 
used in the communications development train-
ing program of the Bell Telephone Labora-
tories. 

SUBSIDIARY APPARATUS 

621-526 549 
Analysis of Systems involving Difference-

Differential Equations—T. M. Burford. (Jour. 
Ape Phys., vol. 25, pp. 1145-1148; Septem-
ber, 1954.) A method alternative to that pre-
sented by Chu ( 1185 of 1954) for analysis of 
control systems. 

621-526:621.372.55 550 
Compensation Networks for Carrier-Fre-

quency Servomechanisms—P. Bonnet. (Onde 
élect., vol. 34, pp. 688-699 and 812-818; Au-
gust-October, 1954.) Methods are described 
for determining the transfer function and 
for the synthesis of gain- and phase-correction 
networks, particularly symmetrical bridged-T 
and parallel-T networks. 

621.311.6:621.396.712 551 
Power Supply for Automatically Controlled 

Transmitters—H. Kreutztrfiger. (Tech. Hazes-
mitt. NordurDtsch. Rdfunks, vol. 6, pp. 133-
136; 1954.) Descriptions are given of the nor-
mal arrangements for taking power from the 
public supply and of emergency arrangements 
using batteries or Diesel generators. 

621.314.634.3.012 552 
Selenium Rectifier Instantaneous Charac-

teristics—G. F. Pittman, Jr. (Trans. A IRE, 
Part I, Communication and Electronics, vol. 73, 
pp. 45-49; March, 1954. Digest, Elec. Eng. 
(N.Y.), vol. 73, p. 719; August, 1954.) Cur-
rent/voltage characteristics obtained by apply-
ing a rectified sinusoidal voltage to a Se cell 
in the reverse direction have been recorded. A 
current in the forward direction flows during a 
large part of the cycle. A convenient equiva-
lent circuit to explain this result comprises 
nonlinear capacitance and nonlinear resistance 
in parallel. Both resistance and capacitance 
decrease with increasing reverse voltage and 
are relatively independent of the frequency of 
the supply voltage over a wide range. 

621.396.63 553 
Signal-Operated Switching—R. Selby. 

(Wireless World, vol. 60, pp. 613-615; Decem-
ber, 1954.) Description of a fault-warning sys-
tem operated by cessation of an audio signal 
and used as a program-failure alarm. The cir-
cuit is based on a thyratron tube. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.26:621.396.65 554 
The U.H.F. Radio-Link Equipment Type-

RVG 904 for relaying Television Signals—C. 
Boden. ( N achr T ech., vol. 4, pp. 267-271; June, 
1954.) Review of the transmitter and receiver 
circuits and the antenna system of the equip-
ment [3693 of 1954 (Mansfeld)], illustrating 
problems of design. A coaxial coupling system 
is used; the frequency-conversion stage at the 
input has a parallel-fed oscillator and push-pull 
IF output; the transmitter amplifier comprises 
four stages in cascade. Matching arrangements 
are outlined and operating characteristics are 
shown. Details are given of an uhf discriminator 
connected to the antenna feeder for monitoring 
purposes. 

621.397.26:621.397.62:535.88 555 
Large-Screen Projection Television: Dem-

onstration at the Pales de Chaillot of News 
Item televised from Tours—R. Aubert and M. 
Sollima. (Rev. gén. Heel., vol. 63, pp. 533-535; 
September, 1954.) The demonstration was 
presented in May, 1954, to mark the occasion 
of the sixtieth anniversary of the École supéri-
eure d'Électricité and of the Tours Week; it 
constituted the first radio relay of a televised 
news item by the French broadcasting organi-
zation. The existing Paris-Tours link was used 
in reverse. The relay stages and equipment used 
are indicated briefly; the pickup tube was a 
supericonoscope of French manufacture, and 
the projection system was of Schmidt type. 

621.397.5 556 
Reflections on the Future Development of 

Television—F. Schrfiter. (Ricerca sci., vol. 24, 
pp. 1613-1640; August, 1954. In French.) A 
survey of problems involved, including pro-
gram distribution, simplification of synchro-
nizing-pulse scheme, collective reception, trans: 
mission of picture and sound on common car-
rier, and reduction of receiver costs. The immi-
nence of color television in Europe enhances the 
need for unifying standards. Advantages of 
image storage at the receiver are discussed and 
various methods of compressing signal band-
width are compared. 

621.397.5:535.623 557 
The Electronic Colour-Television System 

developed by the Société nouvelle de l'Outil-
lage R.B.V. and the Société La Radio-Industrie 
—L. Kohn. (Rev. gén. Elect., vol. 63, pp. 527-
532; September, 1954.) Report of develop-
ments in France, where efforts have been di-
rected to devising a system simpler than that 
of the N.T.S.C. Using the whole 10.4 mc of the 
81 0-line video channel, the first 8 mc is shared 
by the red and green signals in sequence, while 
the blue signal is transmitted continuously in 
a single sideband of width 1 mc on the outer 
side of a subcarrier at 0.4 mc. For convenience, 
810 lines are used instead of 819, and the red 
and green signals alternate in line sequence, so 
that the red lines of one frame are superposed 
exactly on the green lines of the preceding one, 
i.e. there is no interlacing. Pickup arrange-
ments for color film and for direct viewing are 
outlined, using three photocells and three 
image orthicons respectively, with optical 
splitting devices. Possible reception arrange-
ments include (a) a three-tube projection sys-
tem retaining the alternating red and green 
and continuous blue signals, (b) a single tube 
of chromatron type, involving sequential red, 
green and blue operation, and (c) use of an 
R.C.A. type three-gun color-dot tube, which 
again permits operation with a continuous blue 
signal. 

621.397.5:535.623 558 
Compatible Colour-Television Systems—É. 

Labin. (Rev. gén. élect., vol. 63, pp. 516-526; 
September, 1954.) Conditions for compatibility 
between monochrome and color signals are 
considered and two particular systems are dis-
cussed in detail, that of the N.T.S.C. developed 
in the U.S.A., and that of Valensi, investigated 
in France. Valensi's system uses at the trans-
mitter a special coding tube, having a screen 
with areas of different opacity corresponding to 
the 30 divisions of the color triangle recognized 
by the C.I.E., to produce a single-component 
chrominance signal from the three signals de-
livered by the trichromatic camera. A band-
width of 1.2-1.5 mc is sufficient for this signal, 
which is placed on a subcarrier located near the 
edge of the video channel at a frequency which 
is an odd multiple of half the line frequency. 
At the receiver the three color signals are re-
covered by a decoding system in which the 
received chrominance signal is applied to three 
formatron tubes generating appropriate output 
functions determined from consideration of the 
nature of the C.I.E. coordinates. A construe-
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tion in which the three formatron tubes are 
combined into one is described. Reception 
would require a variant of the synchronized-
detection system combined with use of comb-
characteristic filters. It would alternatively be 
possible to transmit Valensi-type signals by 
using the first 7 mc of the video channel for the 
luminance signal and the remaining 3 mc for 
the chrominance signal modulated on a sub-
carrier, in which case synchronous detection 
would not be required. See also 557 above. 

621.397.5:535.623 559 
Colour Television—History, Present State 

and Future Development—E. Schwartz. ( Tech. 
Hausmitt. Nordwasch. Rdfunks, vol. 6, pp. 
105-126; 1954.) The developments culminating 
in the N.T.S.C. frequency-interlace system are 
described and the possibility of adapting this 
system for use in Europe is discussed. 

621.397.6: 535.623 : 621.385.832 560 
Electronic Tubes for Colour Television— 

R. Juillerat. (Rev. gén. élect., vol. 63, pp. 507-
515; September, 1954.) A review of the differ-
ent types of tube that have been developed 
both for the pickup and for the display of 
color-television pictures. Difficulties encoun-
tered in the design of suitable tubes, especially 
for reception, are having an important effect on 
the whole development of color television. 

621.397.61:535.623 561 
Problems of Television Cameras and 

Camera Tubes—L. H. Bedford. (Jour. Brit. 
IRE, vol. 14, pp. 464-474; October, 1954.) 
"Questions of sensitivity and signal-to-noise 
ratio are discussed. While the results are of 
general application, the subject is developed 
with particular reference to the image orthicon 
type of camera tube. The latter, in its standard 
form (the 3 inch image), has a considerable 
sensitivity advantage compared with other 
types of tube. For some purposes, particularly 
studio use, it is desirable to exchange some of 
this sensitivity for other properties, such as 
signal/noise ratio. In this case the balance of 
properties can be improved by increase in 
target area which leads to the large (4i-inch) 
image orthicon. A description is given of a new 
camera designed around the large image orthi-
con with maximum exploitation of the proper-
ties of the latter. Three approaches to the color 
television camera problem are described, and 
the repercussion of color on sensitivity and 
signal/noise ratio is discussed." 

621.397.61.001.4 562 
Color Text Technique for TV Broadcasters 

—Wentworth. (See 511.) 

621.397.62 563 
Flywheel Synchronizing—W. T. Cocking. 

(Wireless World, vol. 60, pp. 519-522, 557-560 
and 621-624; October-December, 1954.) The 
effect of noise and interference on the line 
synchronization of television receivers is ex-
plained, and the use of balanced and unbal-
anced afc circuits for synchronization is de-
scribed. 

621.397.62 564 
Television Safety Precautions—E. G. 

Goodhew. (Wireless World, vol. 60, pp. 591-
592; December, 1954.) Brief discussion of con-
siderations involved in drafting British and 
international standards covering precautions 
against the usual electrical hazards as well as 
tube implosion and incidental X radiation. 

621.397.62 565 
Television Intermediate Frequencies— 

(Wireless World, vol. 60, pp. 582-583; Decem-
ber, 1954.) A note on the considerations leading 
to the British Radio Equipment Manufactur-
ers' adoption of 34.65 mc as vision IF for tele-
vision receivers. A chart is presented showing 
the main possible forms of interference, for 
local-oscillator frequency above signal fre-
quency. 

621.397.62:621.386.842 566 
Solid-State Image Intensifier—R. K. 

Orthuber and L. R. Ullery. (Elec. Commun., 
vol. 31, pp. 198-201; September, 1954.) Re-
print. See 3061 of 1954. 

621.397.62.001.4 567 
Measurements on Television Receivers: 

Part 5—Measurements on the Deflection Sys-
tem—O. Macek. (Arch. tech Messen, No. 224, 
pp. 205-208; September, 1954.) Part 4: 3634 of 
1954. 

621.397.621:621.375.232 568 
Feedback I.F. Amplifiers for Television— 

H. S. Jewitt. (Wireless World, vol. 60, pp. 609-
611; December, 1954.) Application of design 
principles described previously ( 1009 of 1954) 
to a vision IF amplifier with bandwidth about 
3 mc; stray capacitance is an important fea-
ture. Performance figures are given for an ex-
perimental amplifier for a vision IF of 16 mc, 
the sound IF being 19.5 mc, the feedback is 
used in this case unaccompanied by trans-
former coupling or stagger tuning, though it 
can alternatively be used to give improvement 
in conjunction with these other features. 

621.397.621.2: 621.373.43 569 
Differential Width Control for Television 

Line Scanning Circuits—K. G. Beauchamp. 
(Electronic Eng., vol. 26, pp. 476-481; Novem-
ber, 1954.) A typical receiver line-scan circuit 
is studied to determine ways of varying the 
amplitude of the sawtooth current waveform 
without unduly affecting the extra-high volt-
age. An investigation is made of the design and 
performance of systems using a combination of 
series and parallel inductance connected to the 
output transformer, arranged so that the total 
inductance across the transformer windings 
remains constant. 

621.397.82: 621.396.61 570 
Sine Wave all the Way—Blackie. (See 574.) 

621.397.82.029.62 571 
Band-III Television Interference—R. 

Davidson. (Wireless World, vol. 60, p. 594; De-
cember, 1954.) A note suggesting that the prob-
lem is less serious than indicated by Strafford 
(3708 of 1954). 

621.397.828.029.62 572 
Suppression of Interference from Motor 

Vehicles—W. Scholz. (Elektrotech. Z., Edn A, 
vol. 75, pp. 504-506; August 1, 1954.) Results 
of measurements, presented graphically, show 
that 95 per cent of cars (excluding diesel-
driven vehicles) and 99 per cent of motor-
cycles produce an interference field-strength 
>500 µv/m at 10 m distance at a frequency of 
200 mc. This was measured using a receiver 
with a ± 100-kc passband in conjunction with 
a tuned dipole mounted 3 m above ground. The 
field-strength indication corresponding to 500 
µv/m would be 50 µv/m on British or U.S.A. 
equipment. The use of built-in suppressors is 
recommended, e.g. resistors in spark plugs, as 
these have the advantage of being close to the 
source of interference and also of being in-
separable from the engine component. Other 
suppressors are mentioned. 

TRANSMISSION 

621.396:61:621.376.4 573 
The Circuit Development of the Ampli-

phase Broadcasting Transmitter—T. H. Price. 
(Proc. IEE, part III, vol. 101, pp. 391-398; 
November, 1954.) Two circuit arrangements 
are described for obtaining an amplitude-
modulated output by differentially controlling 
the phase of two rf generators of substantially 
constant voltage operating with a common 
load; these are (a) the quarter-wave or con-
stant-current ampliphase system, and (b) the 
push-pull or constant-voltage ampliphase sys-
tem. Typical performance figures are quoted; 
these are equal to those for the usual types of 
transmitter circuit. Such designs are claimed to 

be highly economical as regards equipment and 
tubes. 

621.396.61:621.397.82 574 
Sine-Wave all the Way—L. Blackie. (Short 

Wave Mag., vol. 12, pp. 312-315; August, 1954.) 
A discussion of the operation and efficiency of 
the final rf amplifier in amateur transmitters 
indicates that little reduction of available 
power is caused by changing from Class-C to 
Class-B, Class-AB2, or even Class-AB1 opera-
tion, while the corresponding reduction of har-
monic output, and hence of interference with 
television, is considerable. 

621.396.61:621.398 575 
Pulse Transmitter for Rocket Research— 

D. G. Mazur. (Electronics, vol. 27, pp. 164-167; 
November, 1954.) The 15-channel AN/DKT 
transmitter installed in Aerobee rockets is de-
scribed. The normal sampling rate in each 
channel is 312.5 per second, the input range is 
0-5 v, the rf pulse width is 3 Us, the frequency 
227 mc, the peak power output 10 w and the 
channel deflection range 150 µs. Provision can 
be made for a higher sampling rate in one 
channel by disabling three others. 

TUBES AND THERMIONICS 

621.314.63+621.314.71:537.311.33 576 
Semiconductors—[Elec. Rev. (London), vol. 

155, pp. 307-311; August 27, 1954.] An ac-
count of work in progress at the new G.E.C. 
Wembley laboratories on the development of 
crystal tubes. 

621.314.63:621.318.57 577 
Transient Response of a p-n Junction—B. 

Lax and S. F. Neustradter. (Jour. Appl. Phys., 
vol. 25, pp. 1148-1154; September, 1954.) Cal-
culations are made of the diode current and the 
voltage across the junction over a period after 
reversing the applied voltage; typical values are 
assumed for the diode parameters. Results are 
shown graphically for various values of in-
cluded series resistance, and are compared with 
those obtained by Kingston (2539 of 1954). 

621.314.632: 537.312.9 578 
Influence of Mechanical Pressure on Bar-

rier Height in Galena Rectifiers—J. N. Das 
and V. G. Bhide. (Current Sci., vol. 23, pp. 185-
186; June, 1954.) Measurements show that the 
barrier height of the galena/Pt-whisker contact 
rises from 1.275 to 1.830 and then falls to 0.320 

while the spread resistance falls from 82.10 
to 15.61 and then rises to 67.55 St for pressures 
of 30, 110, and 150 g weight, using a whisker 
of radius 0.008 cm at the point of contact. 
Similar results were obtained with Al and C 
whiskers. 

621.314.7 579 
Theory of Diffusion-Type and Drift-Type 

Transistors: Part 2—Frequency Character-
istics—H. Kromer. (Arch. elekt. übertragung, 
vol. 8, pp. 363-369; August, 1954.) The quad-
ripole admittances of a junction transistor (part 
1: 3389 of 1954) taking account of the bound-
ary-layer capacitances are dependent on fre-
quency; a limiting frequency is thus introduced 
which is dependent on the matching conditions. 
The inherent frequency limit set by alpha cut-
off is higher for the drift type than the diffusion 
type, in the case of Ge by a factor of 8. A de-
tailed analysis is given for the case of purely 
ohmic matching. Performances are compared 
under different operating conditions. In prac-
tice better use can be made of the inherent cut-
off frequency in the drift type. 

621.314.7:001.4 580 
Nomenclature of Transistor Parameters— 

H. Mette. (Funk u. Ton, vol. 8, pp. 420-421; 
August, 1954.) A list is given of recommended 
German equivalents of English transistor 
terms. 

621.314.7:537.311.33 581 
Transistor Electronics: Imperfections, 
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Unipolar and Analog Transistors: Parts 2 and 
3—W. Shockley. [Prot. IRE (Australia), vol. 
15, pp. 194-201 and 228-234; August and Sep-
tember, 1954.] Reprint, see 746 of 1953. Part 1: 
3600 of 1954. 

621.314.7:621.317.3 582 
Stability Considerations in the Parameter 

Measurements of V.H.F. Point-Contact Trans-
istors—Thomas. (See 491.) 

621.314.7:621.372.5 583 
Design Considerations of Junction Trans-

istors at Higher Frequencies—H. Statz, E. A. 
Guillemin and R. A. Pucel. ( Pace. I.R.E., vol. 
42, pp. 1620-1628; November, 1954.) An ac-
curate equivalent network for the junction 
transistor is developed based on a solution of 
the diffusion equation. The relation between 
gain and frequency is calculated and the upper 
limiting frequency for obtaining power gain is 
determined; from these results it is possible to 
determine the proper values of collector ca-
pacitance and base resistance in order to make 
full use of obtainable base width. Use of the 
formulas in the design of transistors to have a 
prescribed upper limiting frequency is illus-
trated by numerical examples. 

621.383.2 584 
Increased Light Sensitivity from Standard 

Gas Phototubes—E. O. Johnson. (Rev. Sci. 
Instr., vol. 25, pp. 839-840; August, 1954.) A 
circuit is described by means of which current 
amplification as high as 108 can be obtained 
with a commercial photocell without producing 
instabiliity. The mechanism involves second-
ary emission at the photocathode due to bom-
bardment by ions produced by the photoelec-
trons. The current build-up is terminated peri-
odically by firing a thyratron. 

621.383.2 585 
The Behaviour of Gas-Filled Photocells 

operating in the Region of Self-Maintained 
Discharge—W. Kluge and A. Schulz. (Z. 
angew. Phys., vol. 6, pp. 364-370; August, 
1954.) It was shown previously [3264 of 1953 
(Kluge)] that self-maintained discharge cur-
rents in gas-filled photocells can be controlled 
by illumination of the cathode. An investiga-
tion is made of the upper limit which the dis-
charge current can attain without causing 
structural modifications of the composite 
cathode. Reversible fatigue effects due to 
bombardment by positive ions are observed; 
these effects are very small with potassium 
hydride cathodes, hence reproducible values of 
photocurrent can be obtained. 

621.385.004.15 586 
Developments in Trustworthy-Valve Tech-

niques—E. G. Rowe and P. Welch. (Elec. 
Commun., vol. 31, pp. 172-188; September, 
1954.) Special tests for reliability are discussed 
and a complete testing procedure is indicated. 
Designing for reliability is considered as a 
problem distinct from that of making ordinary 
commercial valves more robust. See also 1776 
of 1952 (Rowe). 

621.385.029.6 587 
Measurement of the Most Important 

Parameters of Helix-Type Travelling-Wave 
Valves for Amplification and Efficiency Calcu-
lations—W. Klein. (Arch. elekt. übertragung, 
vol. 8, pp. 404-410; September, 1954.) Methods 
are described for determining the required 
parameters from measurements on completed 
prototype tubes. The results are useful for as-
sessing the accuracy of calculated characteris-
tics. Cases of special interest are (a) power 
tubes with relatively large difference between 
beam velocity and phase velocity on the helix, 
and (b) tubes in which the helix characteristics 
are appreciably modified by the dielectric sup-
ports. 

621.385.029.62/.63:621.396.822 588 
Minimum Noise Figure of Traveling-Wave 

Tubes with Uniform Helices—J. R. Pierce and 
W. E. Danielson. (Jour. Appt. Phys., vol. 25, 
pp. 1163-1165; September, 1954.) An expres-
sion for the minimum noise figure is derived 
using a theorem presented by Pierce (304 of 
February) in conjunction with analysis de-
veloped by Watkins ( 1470 of 1952). Assuming 
reasonable values for the tube parameters, the 
value of 6 db is obtained for the minimum 
noise figure. 

621.385.029.63/.64 589 
Helix-Coupled Traveling-Wave Tubes-

P. D. Lacy. (Electronics, vol. 27, pp. 132-135; 
November, 1954.) Two amplifier tubes with 
coupling helixes outside the vacuum envelope 
are described. Both operate over the range 2-4 
kmc. One has a gain of 35 db, output 20 mw 
and noise figure of the order of 20 db; the other 
has a gain of 30 db, output 1 w and noise 
figure < 30 db. The coupling mechanism is that 
of spatial beating [30 of 1950 (Krasnushkin and 
Khokhlov)]. 

621.385.029.63/.64 590 
A Wide-Band Voltage-Tunable Oscillator-

J. W. Sullivan. (Paoc. I.R.E., vol. 42, pp. 1658 
1665; November, 1954.) An experimental back-
ward-wave tube has a bifilar helix in which 
matching is facilitated by forming one winding 
as a thread on a rod and the other as a wire 
insulated from the rod; the structure is essen-
tially a coaxial line wound into a helix. Oscilla-
tions were obtained with frequency ranging 
from 2.6 to 13.3 kmc as the beam voltage was 
increased from 40 y to 3 kv, using appropriate 
magnetic focusing. Power outputs of 5-50 mw 
were obtained. 

621.385.029.63/.64 591 
Traveling-Wave Amplifiers and Backward-

Wave Oscillators—M. Muller. (Pitoc. I.R.E., 
vol. 42, pp. 1651-1658; November, 1954.) 
Analysis is presented in a unified form for the 
travelling-wave tube, the magnetron amplifier 
and the corresponding backward-wave oscil-
lators. Formulas are derived for amplifier gain, 
oscillator starting current and tuning parame-
ters. 

621.385.029.63/.64 592 
Rippled Wall and Rippled Stream Ampli-

fiers—C. K. Birdsall. (Paoc. I.R.E., vol. 42, 
pp. 1628-1636; November, 1954.) Velocity-
modulation tubes are discussed having space-
periodic variations of diameter of drift tube or 
beam or both. The periodic length is a quarter 
of the plasma wavelength. Gain is produced by 
reinforcing the simple harmonic motion of the 
electrons in the beam; formulas are derived 
giving its value for various cases, including the 
use of velocity jumps. Design curves are pre-
sented. An experimental rippled-wall tube for 
the frequency range 1-4 kmcs described. See 
also 2498 of 1953 ( Birdsall and Whinnery). 

621.385.029.63/.64 593 
Power Flow and Equivalent Circuits of 

Travelling-Wave Tubes—C. C. Wang, J. R. 
Pierce and P. K. Tien. (Paoc. I.R.E., vol. 42, 
pp. 1701-1703; November, 1954.) 

621.385.029.63/.64 594 
A Computational Contribution to the Linear 

Theory of the Travelling-Wave Valve with 
Low Gain—D. Weber. (Arch. elekt. Übertra-
gung, vol. 8, pp. 341-345; August, 1954.) For 
predicting low-gain operation the initial ampli-
tude and phase of all three rf components must 
be known. These are calculated neglecting at-
tenuation of the delay line and space-charge 
forces. A table of numerical values of charac-
teristic parameters is given including a correc-
tion to those published earlier [3754 of 1953 
(Schnitger and Weber)]. By means of a graphi-

cal method outlined initial conditions can be 
determined with sufficient accuracy in many 
cases without an exact construction. The re-
sults also apply to the carcinotron. 

621.385.032.216 595 
Cathode Parasitic Impedance—M. Ber-

timid. (Onde élect., vol. 34, pp. 663-673; Au-
gust/September, 1954.) Detailed discussion 
giving results of measurements made on com-
mercial tubes at different cathode tempera-
tures and of investigations of the formation of 
interface layers. The indications are that the 
whole of the cathode contributes to the in-
creased impedance. Summarized version ab-
stracted in 1620 of 1954. 

621.385.032.216 596 
Studies of the Interface Layer in Oxide 

Cathodes—L. S. Nergaard and R. M. Mathe-
son. (RCA Rev., vol. 15, pp. 335-361; Septem-
ber, 1954.) The complex nature of the interface 
layer is discussed and an experimental investi-
gation is reported of the interface behavior of 
2BaO.Si02 which is formed by reaction between 
the BaO of the coating and Si diffusing out of 
the Ni base. No definite conclusions are drawn. 
Measurements of interfaoe resistance should 
be made at normal-operation cathode current, 
otherwise the effect of the tube's previous his-
tory may be obscured. 

621.385.032.216 597 
Thermionic Emission and Electron Diffrac-

tion from Thin Films of Barium Oxide—P. N. 
Russell and A. S. Eisenstein. (Jour. Ape 
Phys., vol. 25, pp. 954-961; August, 1954.) 
The structure of and thermionic emission from 
evaporated BaO films on a Ni base were ex-
amined simultaneously, using a specially de-
veloped sealed-off electron-diffraction tube 
with fluorescent screen. The thermionic activity 
increased with film thickness up to about 20 
monolayers and then remained constant up to 
50 monolayers. The effect of heat treatment 
was examined. The emission density is com-
parable to that for sprayed oxide coatings, 
which are much thicker; the significance of this 
in relation to the emission mechanism is dis-
cussed. 

621.385.032.216:621.317.331 598 
Sensitive Apparatus for the Measurement 

of Cathode Parasitic Resistance—P. Sevin. 
(Onde ¿led., vol. 34, pp. 673-674; August/Sep-
tember, 1954.) Voltages at 6 mc and 10 kc are 
modulated in phase quadrature by a 200-cps 
signal and applied simultaneously to the tube 
grid. A resistance across a 6-mc rejector circuit 
in the cathode lead is adjusted until modulation 
in the anode circuit is suppressed. Using an 
amplifier, with a voltage gain of 10, internal 
resistance below 5 n in the cathode can be de-
tected. 

621.385.032.216:621.396.822 599 
Noise Mechanisms in Oxide-Coated Ca-

thodes—A. van der Ziel. (Physica, vol. 20, pp. 
327-336; June, 1954.) Various explanations of 
flicker noise in tubes are reviewed. Schottky's 
emission-center theory gives best agreement 
with observations in the case of W, Th-W and 
L-type cathodes. For oxide-coated cathodes, 
calculations based on Nergaard's concept of a 
depletion layer (1528 of 1953) give values of 
noise of the same order of magnitude as the ob-
served values. 

621.385.5:621.375.2.024 600 
"Starved Amplifiers"—ICaufer. (See 385.) 

621.385.832 601 
Operation of C.R.T. Storage Devices—S. 

Winkler and S. Nozick. (Electronics, vol. 27, 
pp. 184-187; October, 1954.) Types suitable 
for different applications are listed, with notes 
useful for design purposes. Limitations are 
indicated. 
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New ultrasonic drill gives 
maximum driving energy 
with minimum power 

Model U-600 Ultrasonic Drill and Generator 

Employing the superior characteristics 
of a Glennite ceramic transducer, the new 
Model U-600 ultrasonic drill requires 
power of only 35 watts. It is an efficient, 
economic tool for cutting, machining, 
shaping, grinding and polishing. 

Miniature packaged circuit reduces space requirements 
This Glennite Ten Terminal "OR" Circuit Block underscores the advantages of 

potting subsidiary circuits to achieve miniaturization and high reliability. In this 
instance space is reduced by a factor of 10. Maintenance is facilitated by replacement 
of plug-in circuits. Packaged circuit techniques can be applied to numerous circuits, 
including "OR" and "AND" which appear hundreds of times in computers. 

Glenco's production of these units begins with the raw materials on through final 
assembly. Capacitors of various sizes, shapes, capacitances and materials of diverse 

temperature coefficients are designed and 
developed. Components can he packaged 
in any combination to meet special de-

This ultrasonic drill is especially use-
ful for drilling such materials as glass, 
tungsten carbide, sapphire, ceramics, and 
hardened steel to within a tolerance of 
.0005 inch depending upon size of abra-
sive in the slurry. 
The working table is moved vertically 

by a rack and pinion arrangement; work 
can be fed automatically by adjusting 
the weight of a counterbalance arm. A 
dial gauge indicates cutting rate. 
The generator supplied with the drill 

has an input of 117 volts at 1 ampere, 60 
cycles. It is housed in a cabinet 9 x 9 x 6 
inches. Completely portable, the entire 
ultrasonic unit including drill and gen-
erator weighs only 15 pounds. 

Vibro-Ceramics Corporation 

maffluir 

New low frequency accelerometers of high resolution and 
accuracy, provide full scale measurements of ± 1 g 

These small size, light weight, low fre-
quency accelerometers, utilizing trans-
ducers of the differential transformer 
type, are high resolution and high ac-
curacy devices for measuring accelera-
tions with frequencies ranging from 0-40 
cps and magnitudes up to ±- 10 g. 
A novel seismic suspension system 

gives true alignment of the seismic ele-
ment over the full acceleration range, 
minimizes lateral sensitivity and pro-
vides better than -±1% resolution and 
linearity. Phase distortions of the carrier 
and effects of stray magnetic fields are 
minimized by use of magnetic shielding. 

Units can be powered by frequencies 
of 60 cps to 10,000 cps, permitting use 
with standard aircraft and missile AC 
power sources. Other applications in-

--
Glennite Model ADT-701 Accelerometer 

Specifications: Range, -±-1 g; Sensitivity with 
400 cps carrier,125 mv per g/ volt input; Maxi-
mum input voltage, 10 y r.m.s.; Size, 11/2" d 
x 2" h; Weight, 3 oz. 

elude analysis of vibrations in rotating 
machinery, plant equipment, ships, 
trucks and automobiles. 

Gulton Mfg. Corp. 

GULTON INDUSTRIES, INC. Greibach 

mands. The thinness of Glennite, high 
reliability resistors and capacitors per-
mits stacking, providing unlimited flexi-
bility in circuit layout while maintain-
ing close tolerances. 

All components are pre-tested and pre-
cured. Performance of final assembly can 
be precisely determined in advance. 

Glenco will assist in developing pack-
aged circuits for any requirement. 

Glenco Corporation 

Gulton Industries, Inc. 
201 Durham Ave., Metuchen, New Jersey 

D Put me on Gulton Abstracts mailing list 
Please send me additional Information on: 
D Model U-600 Ultrasonic Drill 

Glennite Packaged Circuits 
D Glennite Model ADT-701 Accelerometer 
D Glennite Electromechanical and Electronic 

Instruments 
D Glennite Electronic Components 

NAME 

TITLE 

COMPANY 

ADDRESS 

Gulton Mfg. Corp. • Glenco Corporation • Vibro•Ceramics Corporation 

Instruments Corporation • Thermistor Corporation of America 
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Precision Attenuation 
to 3000 mc! 
TURRET ATTENUATOR featuring "PULL-TURN-PUSH" action 

SINGLE " IN-THE- LINE" 
ATTENUATOR PADS 
and 
50 ohm COAXIAL 
TERMINATION 

FREQUENCY RANGE: 
dc to 3000 mc. 

CHARACTERISTIC IMPEDANCE: 
50 ohms 

CONNECTORS: 
Type "N" Coaxial female fittings each end 

AVAILABLE ATTENUATION: 
Any value from .1 db to 60 db 

VSWR: 
<1.2. dc to 3000 mc., for all values from 10 

to 60 db 
<1.5 dc to 3000 mc., for values from .1 to 
9 cfb 

ACCURACY: 
±-0.5 db 

POWER RATINGr 
One watt sine wave power dissipation 

Send for free bulletin entitled 
"Measurement of RF Attenuation" 

e 
Inquiries invited concerning pads or 
turrets with different connector styles 

STODDART AIRCRAFT RADIO Co., Inc. 
6644-C Santa Monica Blvd., Hollywood 38, California • Hollywood 4-9294 

/rw Secliou 

(Continued front page 122A) 

SALT LAKE Curl, 

"Air Ionization and Medical Physics." by S. B. 
Hammond, University ou Utah; December 9, 1954 

SAN DIEGO 

"Television in Color,' by R. D. Kell, R.C.A. 
Labs.; October 19, 1954. 

"Stereophonic Reprocluction," by W. B. Snow, 
consulting engineer; November 2, 1954. 

"Motorless Flight," by W. S. Ivans, Jr., Con-
vair; December 7. 1954. 

"Stabilization of Feedback Amplifiers," by Dr. 

D. C. Kalbfell, San Diego State College; January 4, 
1955. 

SCHENECTADY 

"Particle Accelerators," by Dr. R. L. Kylil 

General Electric Research Lab.; December 13, 195 4 

SYRACUSE . 

"Automatic Language Translation," by Dr 
L. E. Dostert, Georgetown University; December 2, 
1954. 

"Aims of the Professional Group," by Dr. 
W. R. G. Baker. "What is an Engineering Manager." 

by H. B. Fancher, "Low Frequency Filters in 
Hi-Fi," by N. S. Cromwell, all of Genera I Electric 
Company, and "Modern Network Theory," by Dr. 

Norman Balabanian. Syracuse University; January 
6, 1955. 

TOLEDO 

Round-table discussion on radio broadcasting 
in northwestern Ohio, by Chief Engineers of broad-

cast stations in that area; November 11, 1954. 
"Educational Programming and Its Develop-

ment," by M. W. Stahl, University of Toledo; De-
cember 9, 1954. 

TORONTO 

"Color Television," by P. A. Wigley; Septem-
ber 27, 1954. 

"Recent Developments in High-Quality Sound 
Reproduction." by F. H. Slay maker; October 25, 
1954. 

"Tube Application in TV Deflection Circuits," 
by S. F. Love; November 15. 1954. 

"Wavest ack Antenna. - by G. M. MacKhn mie; 
December 13, 1954. 

TWIN CITIES 

"Application of Electronic Computer Tech-
niques to Heart Analysis,' by Dr. O. H. Schmitt, 

University of Minnesota; December 7, 1954. 

VANCOUVER 

"Commercial TV Systems." by G. C. Chandler, 
Tru Vu Television Ltd.; November 15, 1954. 

Field Trip to CBUT Television Studios; De-
cember 16, 1954. 

W ASHINGTON 

"Time or Frequency Compression Expression 

of Speech," by Dr. W. L. Everitt, University of 
Illinois; January 10, 1955. 

W INNI1EG 

"Transistors in Audio, by C Chaykowsky and 
"A Discussion on Accelerometers," by R. Wall, 

both students, University of Manitoba; December 
1. 1954. 

Guided tour of RCAF Telecom centre con-
ducted by F/L D. Kyle, RCAF; December 15, 1954. 

(Continued on page 1$6A) 
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Helipot makes precision potentiometers... 
linear and non-linear.., in the widest choice 
of sizes, mounting styles and resistances. 
Many models are stocked for immediate 
shipment...our engineers will gladly adapt 
standard models to your requirements... 
or design entirely new HELIPOT precision 
potentiometers for you. 

405 *REG. U.S. PAT. orr. 

A child's conundrum becomes a matter of life and death ... when radar tells 
a lie. When our radar tracks attacking aircraft...or an incoming missile... the 
lives of all of us on target balance on the pinpoint of a mathematical riddle. 

How high is up? It depends on the point-of-viewing. 

Because of earth's curvature, radar sees an interloper...100 miles away... 
6600 feet lower than it really is. Readings must be corrected instantaneously 
before being fed to our interceptors...otherwise, attacker and defender 
play true or false at twice the speed of sound. 

Electronic Engineering Company of California has designed an analog computer 

that makes this vital correction ... converting radar observation into true 
altitude above sea level. The computer continuously solves the equation 

H. H. ± (R02/ 2r) 

The mathematics are complex. The mechanism, with a two-gang HEM POT* 
series A precision potentiometer at its heart, is beautifully simple. Both are fully 
described in a new application data sheet ... write for Data File 302. 

Ii 0 first in precision potentiometers 

Helipot Corporation/South Pasadena, California 

Engialeering representatives in principal cities 
a division of BECKMAN INSTRUMENTS, INC. 

..""s 

,IECºMA11, 
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OCKETSCOPE 
The Pocket-Size Oscilloscope 

S-14-A 
nuns, 

S- 14-B S- 15-A 

• • • .• • 13 
Featuring small size, light weight and outstanding performance the HIGH, WIDE and TWIN 
POCKETSCOPES have become the "triple threat" of the oscilloscope field. Their incomparable versatility, 
reliability and accuracy have skyrocketed this team of truly portable instruments into unparalleled 
demand. Each oscilloscope features DC coupled amplifiers in both vertical and horizontal channels. 

HIGH The S- 14-A 
HI- GAIN 
POCKET-

SCOPE provides the optimum in 
oscilloscope flexibility for analysis 
of low-level electrical impulses. 
Extremely light weight (12% lbs.), 
compact in size ( 12 x x 7 in.), 
dependable and accurate in per-
formance. Vertical and horizontal 
channels: 10mv rms/inch with re-
sponse within 2DB from DC to 
200 KC and pulse rise of 1.8 pa 
. . . non-frequency discriminating 
attenuators and gain controls with 
internal calibration of trace ampli-
tude . . . repetitive or trigger time 
base with linearization from cycle 
to 50 KC with ± sync or trigger. 

31131 

3MP1 

3RP1 

3SP1 

3XP1 

3,, 

3,, 

3 ,, 

1.5x3" 

1.5x3" 

'Deflection án volt, Der inch. 

WIDE 
The S-14-B WIDE BAND POCKETSCOPE is ideal for 
investigations of transient signals, DC signals, aperiodic 
pulses or recurrent waveforms. Vertical channel: 50 mv 
rms/in. within —2DB from DC to 700 KC ... pulse rise 

time of 0.35 ms. Horizontal channel: 0.15v rms/in. within —2DB from DC to 200 
KC ... pulse rise of 1.8 ps. Attenuators and gain controls are non-frequency 
discriminating... trace amplitude calibration ... repetitive or triggered time base 
from cycle to 50 KC . . . ± sync or trigger . . . trace expansion, filter graph 
screen and many other features . . . 14 lbs. . . . 12 x 6 x 7 inches. 

TWIN 
The S- 15 - A 
POCK ETSC OPE 
is a portable, twin 
tube, high sensi-

tivity oscilloscope with two independ-
ent vertical as well as horizontal chan-
nels. It is indispensable for investigation 
of electronic circuits in industry, school 
and laboratory. Vertical channels 10 

S-1 1 -A 

mv rms/in. with response within-2DB 
from DC to 200 KC and pulse rise time 
of 1.8 ps . . . horizontal channels 1v 
rms/in. within —2DB from DC to 150 
KC . . . non-frequency discriminating 
controls . . . internal signal amplitude 
calibration . . linear time base from 
34 cycle to 50 KC, triggered or repeti-
tive, for both horizontal channels. 

The S-: 1-A INDUSTRIAL POCKETSCOPE is a small, 
compact (5x7x11 inches), and lightweight (834 lbs.) instru-
ment for observing electrical circuit phenomena. The flexi-
bility of the POCKETSCOPE permits its use for AC 

measurements as well as for DC. The vertical and horizontal amplifiers are 
capable of reproducing within —2DB from DC to 200 KC with a sensitivity of 
0.1v rms/in.... repetitive time base from 3 cycles to 50 KC continuously variable 
throughout its range . . . variations of input impedance, line voltage or controls 
do not "bounce" the signal—the scope stabilizes immediately. 

tAYONIC CATHODE RAY TUBES BY WATERMAN 

VERT HOR 

1500 

750 

1000 

1000 

2000 

Ill 

99 

61 

61 

33 

LIGHT 

OUTPUT'• 

150 

104 

86 

86 

80 

352 

33 

44 
44 

218 

The basic properties of the cathode ray tube that 

concern the designer or the user are deflection sensi-

tivity, unit line brightness, line width, static voltage 

requirements and physical size. A comparison between 

cathode ray tubes manufactured by Waterman Prod-

ucts Company is shown in the table adjoining. These 

tubes are available in P1, P2, P7 and P11 phosphors. 

  3JP1, 3JP7, 3SP1 and 3XP1 are available as JAN tubes. 

Write for your complimentary copy of "POCKETSCOOP" • Official Waterman publication. 
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PULSESCOPE, 4<eofifil' 
The Oscilloscope that Portrays the Pulse 

S- 5-A 

BROAD 
The S- 6 - A 
BROAD BAND 
Scope is a 
PULSESCOPE 

in performance, POCKETSCOPE 
in size. The instrument measures 
DC as well as AC signals. Unique 
DC calibration methods permit 
rapid measurements of either posi-
tive or negative, AC or DC signals. 
Vertical amplifier sensitivity of 
0.2v tins/inch, and response to 5 
mc within 3DB. .. pulse rise time 
of 0.1 ps . . . internal markers from 
1 to 1000 gs . . . repetitive or trigger 
sweep from 5 cycles to 500 KC with 
5X sweep expansion . . . sweep, 
marker and DC calibrating voltage 
available externally. Size 8 x 6% 
x 13% in. Weight 22 lbs. Operates 
from 50 to 400 cycles at 115 volts AC. 

S-12-13 

Manufacturers of POCKEISCOPES® • RAKSCOPES4—• PULSESCOPES® and RAYONIC® TUBES 

LAB 
The S-5-A LAB 
PULSESCOPE is 
a JANized (Gov't 
Model No. OS-26) 

portable, AC, wide band-pass, labo-
ratory oscilloscope ideal for pulse 
as well as general purpose measure-
ments. Internal delay of 0.55 ps 
permits observation of pulse leading 
edge. Includes precision amplitude 
calibration, 10X sweep expansion, 
internal trace intensity time mark-
ers, internal trigger generators and 
many other features. Video ampli-
fier 0.1v p to p/inch ... pulse rise 
time of .035 p5 or response to 11 mc. 
1.25 to 125.000 ms triggered or 
repetitive sweep . . . internally gene-
rated markers from 0.2 to 500 ps . . . 
trigger generator from 50 to 5000 
pps. for internal and external trig-
gering. Operates from 50 to 400 
cycles at 115 volts AC. 

RAKSCOPE 

The PULSESCOPES are cathode ray tube oscilloscopes that pottray the attributes of 
the pulse: shape, amplitude, duration and time displacement. All PULSESCOPES ha%re 
internally generated markets with the basic difference that in the SAR PULSESCOPE 
the markers initiate the sweep while in the others the sweep starts the markers. 

SAR 
The S-4-C SAR 
PULSESCOPE is 
a JANized (Gov't 
Model No. OS-4) 

portable instrument (31.5 lbs.) for 
precision pulse measurements for 
radar, TV and all electronic meas-
urements. Portrays all attributes of 
the pulse . . . internal crystal con-
trolled markers of 10 and 50 pa 
available for self-calibration . . . in 
R operation a small segment. of the 
A sweep is expandable for detailed 
observation with a direct-reading 
calibrated dial accurate to 0.1%. 
Video amplifier band-pass up to 
11 mc . optional video delay 0.55 
pa . . . pulse rise and fall time better 
than 0.07 ps . . . R pedestal (sweep) 
2.4 to 24 eis . . . video sensitivity of 
0.5v. p to p/inch. Easily convertible 
from its to yards. Operates from 50 
to 400 cycles at 115 volts AC. 

Because the panel is only 7" high and fits any 
standard rack, the S-12-B RAKSCOPE admira-
bly fills the need for a small oscilloscope of 

wide versatility. With all the features of the S-1 / -A POCKETSCOPE, the 
RAKSCOPE is JANized (Gov't Model No. OS- 11), and has many additional 
advantages; the sweep, from 5 cycles to 50 KC, is either repetitive or trig-
gered . . . vertical and horizontal amplifiers are 50 mv rms/inch with band-
pass from 0 to 200 KC . . . special phasing circuitry for frequency comparison. 

PHILADELPHIA 25, PENNA., U.S.A. 

CABLE ADDRESS, POKETSCOPE, PHILA. 

PROCEEDINGS OF TIIF. 1.1? F. Marek, 133., 



IT'S HERE! A fast, accurate 
wide-range microwave 

New -hp- reflectometer system comprises Klystron Power Supp'y, Swept Frequency Oscillator aid Ratio Meter ( rear) plus Variable 

Attenuator, Directional Couplers, Waveguide Crystal Detectors and Load (simulated by Short). 

-hp- 416A RATIO METER 

METER PRESENTATION ( al As a Reflectometerc 
Percent reflection ( magnitude of reflection co-
efficient). Fout ranges, full scale values of 
100%, 30%, 10%, 3% reflection. ( 1.00, 0.30, 
0.10, 0.03 reflection coefficient.) ( b) As a 
VSWR Indicator Voltage Standing Wove Ra-
tio. Four ranges, 1 to 3, 3 to 10, 10 to 30, 
30 to 100 VSWR. (c) Decibel scale for either 
application: 0 to 10 db, 40 db total, ranges 
spaced exactly 10 db. 

ACCURACY: -1-3./0 of full-scale value for 20 to 1 
range of incident or reference r-f power. 

CALIBRATION: Square-law, for use with Crystal 
Detectors or barretters. 

FREQUENCY: 1,000 cps- +40 cps. 
INPUT VOLTAGE: Incident or Reference Channel: 

3 mv to 100 mv rms. Reflected or Probe Chan-
nel: 0.3 mv to 100 mv rms. ( Square-wave or 
sine-wave). 

INPUT IMPEDANCE: Approximately 75 K ohms. 
EXCESS COUPLER LOSS, Provision made for in-

creasing sensitivity of the Incident Channel by 
10 db for reflectometer setups employing cou-
plers with different coefficients. Under certain 
circumstances, accuracy can be improved by 
this procedure. 

OUTPUT: Connectors for oscilloscope and recorder. 
ADJUSTMENTS: "Set to Full Scale" control for 

initial calibration with 100% reflection, or 
at VSWR peak. 

INTERNAL CHECK, "Eye" tube continuously mon-
itors input amplitude (and frequency indirectly) 
to assure proper operating range for instrument 
and for crystal detectors. 

PRICE $365.00 

-hp- 670HM shf OSCILLATOR 

FREQUENCY RANGE, 7.0 kmc to 10.0 kmc. 
OUTPUT POWER, Approximately 10 mw entire 

frequency range. 
ATTENUATOR RANGE: 100 db. 

SPECIFICATIONS 
MODULATION', (a) Grid Modulation for optimum 

swept-frequency performance. ( b) Reflector 
Modulation for optimecn single-frequency per-
formance. Modulating signals must be pro-
vided from external source ( normally the -hp-
717A Power Supply). Pulses as short as 3 mi-
croseconds can be produced. 

MECHANICAL SWEEP: Fully adjustable to cover 
any 10% or larger postion of the 7.0 kmc to 
10.0 kmc spectrum. Sweep rate approximately 
12 to 60 complete cycles per minute depend-
ing on swept frequency range. (Special sweep 
rates available at odditional charge.) 

SWEEP VOLTAGE PROVIDED: Linear voltage pro-
portional to mechanical sweep. (Approximately 
50 volts change provided for 7 to 10 kmc swept 
frequency range.) 

PRICE $850.00. 

-hp- 717A KLYSTRON POWER SUPPLY 

BEAM SUPPLY. 
VOLTAGE RANGE: 800 to 1,000 volts. 
CURRENT: 25 ma, maximum. 
REGULATION: (a) For constant load, less thon 
+0.1% output voltage change for +10% 
variations from 115-volt line. ( b) Less than 
±-1% output voltage change for output 
currents from 0 to 25 ma. 

HUM, Less than 10 millivolts. 
REFLECTOR SUPPLY: 

VOLTAGE RANGE: 0 to 600 volts in 3 ranges. 
CURRENT, 1 ma maximum; source resistance 

approximately 300 K ohms. 
REGULATION. For constant load, less than 
+0.05% change for + 10% variations from 
115-volt line. 

HUM: Less than 10 millivolts. 
SQUARE WAVE MODULATION: (a) Amplitude 

adjustable 0 to 60 volts peak-to-peak. ( b) 
Rise and decay times less than 10 micro-
seconds. ( c). Frequency adjustable from 400 
to 1,000 cps. 

SINE WAVE MODULATION FOR FM•ing: (a) 
Amplitude adjustable from 0 to 300 volts 
peak- to-peak. ( b) Frequency: line voltage 
frequency. (c) Oscilloscope horizontal sweep 
voltage: 15 volts peak-to-peak, phase ad-
justable +45° with respect to modulating 
voltage. 

EXTERNAL: Terminals available for applying 
external modulating voltage. System will 
pass 3 microsecond pulses. 

GRID SUPPLY: 
VOLTAGE RANGE: 0 to +30 volts, open cir-

cuit, referred to cathode potential. 
SQUARE WAVE MODULATION: (a) Amplitude 

adjustable 0 to 60 volts peak-to-peak. ( b) 
Rise and decay times less than 10 micro-
seconds. ( c) Frequency adjustable from 400 
to 1,000 cps. 

EXTERNAL: Terminals available for applying 
external modulating voltage. System will 
pass 3 microsecond pulses. 

FILAMENT SUPPLY, 6.3 volts ac., 2 amps. 
PRICE $375.00. 

-hp- X421A CRYSTAL DETECTOR 

FREQUENCY RANGE: 8.2 kmc to 12.4 kmc. 
SENSITIVITY: Approximately 1 mv/0.01 mw (av-

erage value). 
VSWR: Less than 1.5 entire frequency range. 
FREQUENCY RESPONSE: Flat within +2 db entire 

frequency range. 
PRICE: $75.00. ( Includes 1N26 Silicon Diode and 

matched video- load resistor.) 

-hp- 752 DIRECTIONAL COUPLERS 

COUPLING: X752C — 10 db coupling 
X752D -= 20 db coupling 

WAVEGUIDE SIZE ( in.,: 1 x 1/2 
FREQUENCY RANGE (fronc): 8.2 - 12.4 
DIRECTIVITY: Better thon 40 db full range. 
PRICE, $100.00 

All prices f.o.b., Palo Alto, California 

- Data subject to change without notice 

See reflectometer 

and other new 
INSTRUMENTS 
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reflectometer system for 
impedance measurement 
Reflection coefficient or SWR measured 
instantly over wide frequency range 

Direct, continuous swept-frequency 
oscilloscope presentation 

Higher accuracy than slotted lines 
for single frequency measurement 

Now -hp- offers a fast, accurate and practical reflectometer 
system that eliminates long hours of engineering previously 
required for microwave impedance measurements. The sys-
tem provides direct meter readings of reflection coefficient, 
and is so simple to operate it can be used by non-technical per-
sonnel. An output is also available for oscilloscope or recorder 
presentation. The system eliminates the need for measuring 
forward and reverse power separately, and does away with 
tedious adjustments to correct for source amplitude varia-
tions. At present the equipment is available for X band opera-
tion only but components for other frequency ranges will be 
offered soon. The system includes several completely new 
-hp- instruments: 

-hp- 416A Ratio Meter automatically combines forward 
and reverse signals and displays their ratio directly, irrespec-
tive of amplitude variations. Reflection coefficient may be 
read directly on the front panel meter. A signal at a rear 
terminal is provided to operate an oscilloscope or recorder. 
Model 416A contains an rf power monitor indicating proper 
power level. Obtainable accuracy for single frequency meas-
urement is +0.005 reflection coefficient; for swept fre-
quency measurement, 4-0.015 reflection coefficient. 

Model 416A may also be used to measure SWR in connection 
with slotted lines. A reference voltage from the system power 
source applied to the ratio meter eliminates error due to 
amplitude variation. 

Figure 1. Reflectometer system. Swept rf power is provided by Oscillator. 
Directional Couplers sample forward and reverse power. Waveguide 

Detector Mounts terminating both Couplers demodulate power and pre-

sent a 1,000 cps signal to Roto Meter. Oscilloscope presents continuous 

visual study of reflection coefficient over the swept frequency range. 

at Booths 248-250 
(Radio Road at Instrument Ave.) 

Ends tedious point-by-point checking; 
system unaffected by amplitude variation 

Ideal for fast production checks, 
system alignment, laboratory work 
checking waveguide components, antenna 
and rotary joint performance, etc. 

.hp- 670HM Swept Frequency Oscillator operates 
over a frequency range of 7 to 10 KMC. It may be manually 
tuned or motor driven to sweep any portion of this frequency 
band automatically. Sweep is at a velocity which is constant 
and sufficient to insure a clear trace on a long-persistence 
cathode ray oscilloscope. -hp- 670HM has a direct-reading 
frequency dial, and a waveguide-beyond-cutoff attenuator. It 
is normally grid modulated for sweeping, but also has reflec-
tor modulation for both fm and pulsed output. The oscillator 
requires an external power supply. 

-hp- 717A Klystron Power Supply provides 800 to 
1,000 volts beam voltage with regulation better than 0.1%, 
and 0 to 600 volts reflector voltage with regulation better 
than 0.05%. Model 717A also includes square wave modula-
tion for both grid and repellor, as well as sine wave modula-
tion for fm'ing. It is specifically designed as a companion 
instrument to -hp- 670HM. 

-hp- 752 Series Directional Couplers are high direc-
tivity units consisting of two waveguides joined on their 
broad faces. Coupling is obtained through a series of precisely 
matched, graduated holes. In the system pictured, two cou-
plers (with 10 db and 20 db directivity respectively) are 
joined back to back. Power flow is then as indicated in Fig. 1. 

-hp- 421A Waveguide Detectors have square-law char-
acteristics and demodulate the rf signal for use by -hp- 416A 
Ratio Meter. 

Brief specifications of major instruments in the -hp- reflec-
tometer system are given here. Complete specifications on all 
instruments in the system will be sent on request. For a com-
prehensive discussion of reflectometer measurements with 
these instruments, see -hp- Journal, Volume 6, Number 1-2, 
or write direct. 

HEWLETT-PACKARD COMPANY 
3150D Page Mill Road • Palo Alto, California, U.S.A. 

Cable: " HEWPACK" 

Field Representatives in all principal areas 

4N„ IRE. SHOW 

PROCEEDINGS OF THE I.R.E. March, 1955 135A 



• DB915 Phase Shifters 

08715 Frequency Meters 

08410 Precision Attenuator 

08310 Crystal Mounts 

88919 Variable Stub Tuners 

DB350 Crystal Multipliers 

A COMPLETE LINE OF RESEARCH 

INSTRUMENTS COVERING 
FREQUENCIES UP TO 90,000 MC! 

What new miracles are waiting to be found in the 
virtually unexplored microwave region above 40,000 
MC? Scientists have begun to seek the answer to this 
question — and hints of some important discoveries 
are in the wind. 

Here, for the first time, is a complete line of 
accurate, dependable microwave equipment, which 
features specially engineered instruments for these 
UPPER FREQUENCY RANGES, as well as lower ranges! 

Standing wave detectors, precision attenuators, 
phase shifters, tuners, crystal mounts, wavemeters, 
horns, terminations, couplers — every type of in-
strument generally used for more conventional fre-
quencies from 2.6 to 18 KMC — are now available 
in continuous coverage up to 90 KMC. D-B Crystal 
Multipliers produce required frequencies when 
above the range of currently available tubes. 

WRITE FOR FURTHER INFORMATION 

DeMomay-Bonardi, leaders in microwave instru-
mentation for 14 years, will aid research organiza-
tions in planning systems, setting up test equipment, 
or developing special units. RESERVE YOUR NEW 1955 
IDEMORNAY-BONARIM CATALOG NOW. Write on com-
pany letterhead to the address below. 

Also Available — Microwave Spectroscopy Equip-
ment up to 90 KMC, including absorption cells 
Stark and Zeeman cells, and associated equipment. 

See it at the IRE Show-669 Circuits Ave. 

Dept. I R- I 

IDE-MORNAY BONARD I I 
Pasadena, CallIO" ni3 780 S. Arrays Parkway 

At\ win *mine 
(Continued from page 130A) 

SUBSECTIONS 

AMARILLO-LUBBOCK 

"Recent Developments in Transistor Mate-
rials and Devices," by Dr. G. K. Teal. Texas In-
struments, Inc.; November IS, 1954. 

"An Electronic Servo System for Guiding 
Telescopes," by Dr. J. H. Rush, Texas Technologi-
cal College; December 9, 1954. 

BERKSHIRE COUNTY 
"UHF Television Trials and Tribulations," by 

Leon Podolsky, Greylock Broadcasting Company; 

November 12 and 13. 1954. 

BUENAVENTURA 

"Research Resources and Resourcefulness," 
by Dr. A. M. Zarem, Stanford Research Institute; 

December 9, 1954. 

CENTRE COUNTY 

"The A-C Network Calculator," by A. H. 
Forbes and P. E. Shields, Pennsylvania State 
Univ.; December 7, 1954. 

M ONMOUTH COUNTY 

"Aircraft Flight Control and Navigation Sys-

tems Used by Man and Machine," by Edgar H. 
Fritze. Collins Radio Company; January 19, 1955. 

PALO Auto 

"Some Aspects of Human Communication," by 

Dr. Alexis Bavelas, Mass. Institute of Technology; 
January 13, 1955. 

What to See at the 

Radio Engineering Show 

(Continued front page 1A) 

BOOTHS 770-2 

AIRBORNE AVE. 

SOLDERLESS TERMINALS 8. CONNECTORS FEATURING 

MINIATURE TAPER PIN CONNECTOR CLOCKS' 

TAPER PIN & TAPER TAR RECEPTACLES' 

PATCHCORD PROGRAMING SYSTEMS 

PULSE.FORmiNG, NETWORKS 8. HIGH-VOLTAGE CAPACITORS 

AIRCRAFT-MARINE PRODUCTS, INC. 
HARRISBURG, PENNA. 
(Continued on page 140A) 
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NEW HIGH 

VOLTAGE 

SILICON 

JUNCTION 

DIODES 

low back current, another im-
portant characteristic of TI 
silicon junction diodes, opens 
up still more space and weight 
saving circuit design possibil-
ities. With back current as low 
as 0.001 microamp at rated 
voltage for many types, these 
silicon junction diodes can be 
used in applications where 
high operating temperatures 
and low back current require-
ments make germanium 
diodes unsuitable. 
100 per cent inspection and 

aging of every TI diode as-
sures maximum reliability. 
Thoroughly tested at high 
temperatures, these uniformly 
high quality silicon diodes will 
increase electronic equipment 
dependability where heat, 
shock and vibration are 
problems. Every unit is her-
metically sealed, providing 
maximum protection against 
ambient moisture. 

NEWLY EXPANDED TI LINE NOW INCLUDES 15 

SINGLE CRYSTAL JUNCTION TYPES IN 20% 

VOLTAGE RANGES FROM 4.7 TO 470 VOLTS! 

high temperature conditions call for silicon diodes from 
Texas Instruments- your most experienced source of sup-
ply for silicon semiconductor devices. The first commercial 
producer of silicon transistors, TI has produced for commer-
cial and military use many thousands of silicon junction 
diodes and triodes. TI now introduces a completely new 
line of silicon diodes including many high voltage types, 
greatly increasing the application for these reliable devices. 
This new line features types with characteristics stable to 
150 °C. 

Maximum Ratings at 25 C 
Maximum Ratings 

at Elevated Temperatures 
Typical 
Cuauctdy 

Max. 
Rev. 

Min. 
fund. 
Break- 

Minimum 
Forward 

Current 25 Reverse 
Current 

Dissi. 

Average 
Rectified 
Forward 
Current 

Arribi- 
ent 

Temp. 
Reve,se 
Current 

Crissi- 

Average 
Rectified 
Forward 
Current 

f = 500 kc 
Temp.= 
25'C 

Rev Ti 
Type 

Working 
Voltage 

down 
Voltage Ma. Volts Amperes • 

pation 
mw ma C Amperes • 

pation 
mw ma 

.Volts 
-12Vt 

603C - 30 0 3 1 1.10-6 e, -..\/ 100 25 100 0.4.10-1 40 15 2.5 

601C - 50.0 3 1 1.10-'rq-1V 100 25 150 0.5-13-1 20 10 25 

604C 47 5.5 60 1 1.10-7 150 100 150 0.5-10 1 40 40 20 

605C 68 7.5 35 1 1.10-7 150 90 150 0.5.10-1 40 35 16 

603C 10.0 11 0 25 1 1-10-7 125 75 150 0.5.10-1 20 25 12 

610C 150 17.0 12 1 1.10-7 125 60 150 0.5.10-1 20 20 7 

612C 22 0 25.0 7 1 1.10-7 125 50 150 0.5-10-4 20 20 5 

614C 330 370 5 1 1.10-7 125 35 150 0.5.10-4 20 15 35 

6160 470 520 3 1 2.10-7 100 30 125 0.4•10-1 20 15 2.5 

61UC 68 0 75.0 1 5 1 2.10-7 100 25 125 0.4.10-1 20 10 2 0 

620C 100.0 110 0 09 1 2.10-7 100 20 125 0.4-10-1 20 8 1 4 

622C 150. 0 170 0 65 4 2.10-7 90 15 100 0.3 • 10-1 30 5 1. 2 

62,C 220 0 250 0 3 4 0.4-10-6 80 10 71 0.2.10-1 40 5 1 0 

626C 330 0 370.0 2 4 1.10-6 75 7 71 0.2.10-1 30 4 09 

62F,C 470 0 520 0 1 4 1-10-6 70 5 71 0.2.10-1 20 3 07 

* At maximum working voltage. 

t On types 604C, 606C, and 608C reverse voltage was reduced below breakdown voltage. 

For detailed information about TI's complete line of silicon 
junction diodes, write for Bulletin No. DL-S 431. 

TEXAS INSTRUM ENTS 
INCORPORATED 

6 0 0 0 LEMMON AVENUE DALLAS 9. TEXAS 

SEE the industry's widest semiconductor products line --
booth 796 at Radio Engineering Show! 

PROCEEDINGS OF THE I.R.E. March, 1955 1:;«, 



ew 
Core Meter 
Movement 

Shown 
TWICE 
Actual 
Size 

Rugged • yet buillit 

Here's the new Simpson Core- Type Meter 
Movement. It's a more compact, more sensitive, 
self- shielding movement that gives electrical 

measurements with laboratory accuracy, yet 
has the ruggedness to withstand severe 
shocks. Its accuracy specifications are so rigid 
that Simpson engineers had to devise 
unusual production techniques. 

Let Simpson engineers design panel meters 
using the new core movement to your 
special instrumert requirements. Simpson 
continues to maintain its large stock of 
standard panel meters in over 700 sizes and 
ranges, available through distributors. 

RUGGEDIZED METERS 
Simpson's 2 1/2 " and 3 1/2 " Panel Meters are 
available in seated, rtiggedized models to 
meet specifications MIL-M- 10304-( Sig. C). 
Movements are sealed against moisture and 
other adverse atmospheres, and are 

spring-mounted to absorb excessive vibration. 

SEND FOR NEW CATALOG 17 

INSTRUMENTS THAT STAY ACCURATE ELECTRIC:ÇOMPANY 

INVITATION! Drop in and see us at the IR.!. National 5201 W. Kinzie St., Chicago 44, Illinois, Phone: EStebrook 9-1121 
Convention, March 21-24, in New York City. . . . 

In Canada: Bach-Simoson, Ltd., London, Ontario booth No. 448 on Electronic Avenue and Radio Rood. 
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ç-
MODEL 

260 
MULTI-TESTER 

outsells all others combined! 

More technicians are using the Model 260 

than any other high- sensitivity VOM. Over half 

a million Model 260's have been sold to 

date! 20,000 Ohms per volt. You'll find it 

wherever quick, accurate, electrical checks 

are needed. It's so handy, so dependable, so 

sensibly priced. Ask your jobber to show 

you the Simpson Model 260. Only $38.95, 
including Adjust-A-Vue Handle. 

Carrying cases from $6.75. 

AIINS1.A-1111E 
Randle 

MODEL 

2,52 
the new vom with a 7" meter 

20,000 Ohms per volt DC. 5,000 Ohms per volt AC. 33 RANGES 

DC VOLTAGE: 0-1.6, 0-8, 0-40, 0-160, 0-400, 0-1600, 0-4000 volts 
(20,000 ohms per volt sensitivity) 
AC VOLTAGE: 0-3, 0-8, 0-40, 0-160, 0-800 volts ( 5,000 ohms pe' 
volt sensitivity) 
AP OUTPUT VOLTAGE: 0-3, 0-8, 0-40, 0-160 volts ( 0.1 microfarad 
internal series capacitor) 
VOLUME LEVEL IN DECIBELS: — 12 to + 45.5 DB in 4 ranges. 
Zero DB Power Level, .001 watt in 600 ohms. 
DC RESISTANCE: 0.500 ohms (4.5 ohms center); 0-5,000 ohms ( 45 ohms renter); 
0-50,000 ohms ( 450 ohms center); 0-500,000 ohms ( 4,500 ohms center); 
0-5 megohms ( 45,000 ohms center); 0-50 megohms ( 450,000 otIms cente•) 

DC CURRENT: 0-80, 0-160 microamperes, 0-1.6, 0-16, 0-160 mi liamperes, 
0-1.6, 0-16 amperes ( 267 millivolts maximum drop) 
MODEL 262 complete with 2 test leads with removable 
alligator clips, 4,000 v. DC multiplier 
Dealer's Net Price, including Adjust-A-Vue 
Handle. $59.50 Carrying Caso. .$9495 
Accessory High Voltage Probe 
for 16,000 volts DC ..$ 11.50, 
40,000 volts DC ..$ 12.50 

INVITATION! Drop in and see us at the I.R.E. Notional 
Convention, March 21-24, in New York City. . . . 
Booth No. 448 on Electronic Avenue and Radio Road. 

tis • 

SEE THEM AT YOUR JOBBER, OR WRITE ... 

ELECTRIC COMPANY 

WORLD'S LARGEST MANUFACTURER OF ELECTRONIC TEST IQUIPMENT 

5201 W. Kinzie St., Chicago 44, Illirois, Phcne: EStebrook 9-1121 
In Canada: Bach-Simpson. Ltd., London Ontario 

PROCEEDINGS OF THE I.R.E. March, 1955 \ 



stock units a 

Most CHICAGO-STANCOR trans-

formers are available in at least 

three different mountings and 

terminal types ... some in as many 

as six! You can get the one that is 

best for your job .. . and get it fast, 

from stock, through 

your CHICAGO-

STANCOR distributor. 

FREE: CHICAGO 
STANDARD catalogs 
listing over 1000 
transformers for 
original equipment 
and replacement 
applications. 

H Type 

8 Type 

V and C Types 

A, J, L. and U Types 

CHICAGO-STANCOR 
transformers are the 
logical choice for 

• Industrial and mil-
itary research and 
instrumentation 

•Prototype produc-
tion 

•Amateur and com-
mercial broadcast-
ing 

•Communications 

•High fidelity 

•Públic address 

C and TD Types 

S Type 

M Type 

FS Type 

CHICAGO STANDARD TRANSFORMER CORPORATION 
ADDISON AND ELSTON Export Sales: Roburn Agencies, Inc: 

CHICAGO 18, ILLINOIS I 431 Greenwich Street, New York 13, N. Y. 

What to See at the 

Radio Engineering Show 

(Continued from page 136A) 

Aircraft Transformer Corp. 

507 Componenis Ave. 

Transformers for electronic application 

in military and high quality commercial 

equipment. Featuring “FormFlex," the 

new and revolutionary coatings for high 

and low temperature environments. 

tov 

Air-Marine Motors, Inc. 

717 Airborne Ave. 

Sub-fractional motors, Fans, 

Blowers, Gear motors. 

See the new "TORSYNATOR" 

Aironic Accessory Co., Inc., 308 Com-
puter Ave. 

Tape resistors, miniature connectors and re-
lays, printed circuit connectors, precision gear 
trains, precision potentiometers, subfractional 
HP motors and blowers, semi-automatic wire 
cutter and stripper, clips and clamps, trans-
formers. toroids, filters. 

Airpax Products Co. 

7.11 Airborne Ave. 

Choppers (mechanical modulators). 
Power Inverters and Vibrators, 
Power, Audio & Pulse Transformers. 
Power and Audio Chokes, Magnetic 
Amplifiers. Developed and Built to 
Customer Specifications. 

in c. mídiowAv. 
LINDEN, NEW JERSEY 

BOOTH 
Microwave Ferrite C , rnponents Antenna 
Feeds • Rotary Joints. • flexible Woveguide 
Assemblies • Precision Cast Mixers, Duplexers, 
and Hybrids • Directional Couplers • Double 
Ridge Waveguide • Lightweight, High Power 
Terminations. Equipment available in Airtron, 
Inc. designs or to your specifications. 

Alcar Instruments, Inc., 412 Electronics 
Ave. 

*More Powerful Ultn. Sonic "Solder Gun" for 
rapid tluxless soldering to aluminum & other 
fast oxidizing materials. Improved, versatile 
coil winder for laborutory & production. 

*Indicates new product 

(Continued an page. 142A) 
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. . . automatically made, there-

fore made with precision metal and insulation components. 

CINCH automatically assembled parts assure the uniformity 

and quality mandatory for use in AUTOMATION in the 

end users equipment. 
Adequate and unequaled facilities have advanced CINCH 

to the foremost producer of low loss Mica components in 

production quantity. 

FOR OVER A QUARTER OF A CENTURY 
... PRODUCER OF THE STANDARD 

ELECTRONIC COMPONENT 

AT THE IRE 
SHOW BOOTHS 
NOS. 394 & 396 

FOI 0 Component in the list that 

follows, or for a component to be designed to fit 

a specific need, 

CONSULT CINCH 

ANTENNA JACKS 

BANANA PINS AND JACKS 

BARRIER TERMINAL STRIPS 

FANNING STRIPS 

BATTERY PLUGS & SOC<ETS 

BINDING POSTS 

DIODE SOCKET 
CONNECTORS. MULTI CDNTACT 

FUSE STRIPS, BLOCKS d BOARDS 

GRID CAPS 

GRID CAP SHIELDS 

HERMETICALLY SEALED TUBE 
SOCKETS 

CINCH molded general purpose connectors, from three 

to fifty contacts or more, are designed and made of 

materials as desired and necessary to meet application 

requirements. They are available in low loss mica for 

chassis mounting or assembled with cap for cable ap-

plications. Terminals gold or silver plated. 

Cinch components available at leading electronic job-

bers—everywhere. 

Centrally located plants 

at Chicago, Shelbyville, Indiana 

and St. Louis. 

CINCH MANUFACTURING CORPORATION 
1026 South Homan Ave., Chicago 24, Illinois 

Subsidiary 

METAL STAMPINGS 

MICRO-CONNECTORS 

MOUNTING DEVICES 

PHONO TIP JACKS 

PRINTED CIRCUIT, CONNECTORS 

SHIELDS, TUBE•MINIATURE & 
NOVAL & BASES SOLDERING 
LUGS-200 VARIATIONS 

STRAP NUTS 

TRANSISTOR SOCKET 

TUBE HOLDERS—SPRING TYPE 

VIBRATOR PLUGS AND SOCKETS 

of United- Carr Fastener 

SOCKETS: 

Tube ( Receiver. Transmitter and 
Special): Battery, all types 

C-R Tube 

Crystal 

Electrolytic 

Glass Type: 4 to 7 prong 

laminated 

hsfro-red Ray Tube 

High Altitude Airborne Types 

Kinescope: Magnal. Duodecol, 

Diheptal 

Corporation, Cambridge, Moss. 
Loktol-Miniature-Multiplug-

Noval-Octal ( Molded bakelite. 
steatite, tell on. Kei-F and 
laminated) 

Pleric on 

Printed Circuit 

Special Sockets to Specs 

Sub- Miniature; Hearing Aid 
Types 

TV; 110V Circuit Breakowoy 

Vibrator 

Pencil Tube Transistor 

Diode 



LIEC° THE MOST COMPLETE LINE 
OF 

MILLIMETER WAVEGUIDE COMPONENTS and TEST EQUIPMENT 

WAVEGUIDE 
RG-0/11 
FLANGES 
UG-()/U 

FREQUENCY BAND 
in kmc/s 

53 

595 or 425 

18.0-26.5 

1 
96 97 

599 or 381 383 

26.5-40.0 1 33.0-50.0 

98 

385 

50.0-75.0 

99 

387 

60.0-90.0 

VARIABLE 
ATTENUATOR 9LBI 9MSI 9NSI 9PSI 9051 

PRECISION 
ATTENUATOR 10LBI 10MSI IONSI lOPSI 10051 

ADJUSTABLE 
SHORT 13LBI 13MSI 13NSI 13PSI 13051 

CRYSTAL MIXERS 14LBI 14MSI 

TERMINATION 16LBI 16MS1 16NSI 16PSI 16051 

CRYSTAL 
DETECTOR MOUNT 

2ILBI 21MSI 2INSI 2IPSI 21051 

E-H TUNER 26LBI 26MSI 26NS1 26PSI 26051 

90° TWIST 4LBI 4MSI 4NSI 4PSI 4051 

90° E-BEND 5LBI 5MS1 SNSI 5PSI 5051 

90° H-BEND 6LB1 6MSI 6NS1 6PSI 6051 

E-PLANE TEE 7LBI 7MSI 7NS1 7PS1 7051 

H-PLANE TEE 8LBI 8MSI 8NSI 8PSI 8051 

E-H TEE ISLBI 15MSI 15NSI 15PSI 15051 

FINISH: SILVER PLATING 

WITH RHODIUM FLASH. GUPGC ›i) 
ADDITIONAL ITEMS 

UPON REQUEST. 

( 

IRE SHOW   
SEE US AT 1 147 OCEAN AVE., LYNBROOK, N.Y. • LY. 9-6920 

BOOTH 380 
MICROWAVE 
AVENUE 

270 

Model TSA 
Single Pole Double Throw 

SUBMINIATURE 
TOGGLE SWITCHES 

Model TSB 
Double Pole Double Throw 

ELECTRICAL CHARACTERISTICS 
CURRENT RATINGS (RESISTIVE): 

2.0 amp. at 115 volts AC 

2.0 amp. at 24 volts DC 

1.0 amp. at 50 volts DC 

CONTACT RESISTANCE: 

Less than 0.005 ohm 

INSULATION RESISTANCE: 

Greater than 500 megohms 

DIELECTRIC STRESS: 

No breakdown or flashover between mutually insulated parts or between mu-
tually insulated parts and ground at a potential of 330 volts rms, 60 cycles 

e.,et-iabtxe 
Telephone: 
LYnbrook 9-9607 

geitcÁ%eolAeo)eatio/ii 
II isj 11 AN AFFILIATE OF LIECO, INC. 

147 OCEAN AVENUE • LYNBROOK • NEW YORK 

What to See at the 
Radio Engineering Show 

(Continued from page 140A) 

ALDEN PRODUCTS CO. 

185, 187 Television Ave. 

Mechanical components that simplify de-
sign, construction, and servicing of > our 

electronic circuitry. 

COMPONENTS mount your circuitry in 
compact, vertical planes. House your cir-
cuitry in accessible plug-in chassis and pack. 
ages. Inter-connect your units with "point-of-
check" connectors. Monitor your circuitry 
operation with tiny "tell-tale" indicators. 

Helix recorders and components for high 
or Slow Speed Graphic Recording 

without Inks or Photography 

New "build it yourself" helix recorders and 
components incorporating all techniques nee. 
essary for adjusterless, helix recording using 
Alfas l'aper. 

Permit wide variety of set ups 

Alden Electronic and Impulse 
Recording Equipment Company 

189 Television Ave. 

Alfax Paper 8: Engineering Co. 

191 Television Ave. 

Alfax Paper--"electricity is the ink" for in-

stantaneous graphic recordinu without pho-

tography or secondary processing—For tire 

first time extremely high speed recording, or 

equally important, slow speed recording, is now 

possible without inks, pens, precision parts, styli 

or any delicate parts using new Alden techniques 

and Allan Paper. 

Alford, Andrew, Consulting Engineers 
393 Microwave Ave. 

RF Equipment 

Alford Manufacturing 
Co., Inc. 

393 Microwave Ave. 

TV Broadcast Transmitting Anten-

nas, Air Navigation Aids and Test 

Equipment. 

All-Tronics, Inc., 57 Palace 
Radio interference filters, screen room filters, 
line stabilization networks. 

Allegheny Ludlum Steel Corp., 146, 148, 
150 Television Ave. 

"Steelmakers to the Electric Industry" . . . 
Producers of a complete line of silicon steels, 
special electrical alloys & laminations, for 
every electrical & electronic application. 

'.,1
111

111
111

111
111

111
111

111
111

111
111

111
111

11 

ALLEN-BRADLEY 

QUALITY 
Radio /3 Television 

Components 

See them at IRE Booth 794 

Fixed resistors—Copper clad resistors— 
Ceramic enclosed resistors—Miniature 
resistors—Adjustable resistors & po-
tentiometers—Ceramic capacitors—Feed 
thru ..capacitors—Ferrite cores ez filters. 

linuutuelitullttH , utLuitunitir. 

*Indicates new product 

(Continued on page I4M) 
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*PATENT PENDING 
ALL RIGHTS RESERVED 

AVAILABLE IN A 
WIDE RANGE OF codes. 
STANDARD TYPES TO 
ECONOMICALLY MEET 
SPECIAL REQUIREMENTS! 

Economical E-1 standardized 
hermetically•sealed ter-
minals and miniature clo• 
sures are available to meet 
almost any electronic appli-
cation. Samples and recom-
mendations on your particu• 
lar needs will be supplied 
promptly on receipt of your 
dato. Call or write for com-
plete E•I catalogs, today! 

Stre4Jceter 

hermetically-sealed 
terminations and 
miniature c osures 

• MULTI ADERS — n-ftee, vactr.im tight headefs featuring cushioned glass construction Sil,ccre 'reated for maximum dielectrI strength and 

tin dipped for easy soldering. 

• SEALED TERMINALS — These E-I terminals offer high thermal 
shock resistance and feature cush:oned gkiss construction. Available in many economical 
preferred types and special desigrs. 

• OCTAL HEADERS — Both plug-in and multiple tyles feature a 
new principle of hermetic sealing. Solid metal blanks afiprd maximun rigidity and 

mechanical strength. 

• E-I END SEALS — Completely strain-4ree. Provide a permanent 
hermetic seal. For cordensers, resistors and other tubular- type componeits. Available 
in many standard types. 

• COMPRESSION TYPE HEADERS — Super rugged, practically in-
destructible and absolutely rigid. Exclusive E-I process affords - ncreased resistance to 
shock and vibration. 

• LUG-TYPE, LEAD-THRU INSULATORS — Compression sealed, 
super rugged. For applications requiring voltage ratings from 2000 to -1000 (rms.) — 
transformers, " bath-tub" condensers, etc. 

• MINIATURE CLOSURES— For transistors and other components 
requiring hermetic seal;ng. Square, rectangular and round cases. Supplied in E-I standard 
types or custom designs to specifications. 

• COLOR-CODED TERMINALS— Featuring glass inserts with per-
manent coloring in the glass. All types offered in standard, easily- identified RMA color 

ELEC'TR CAL INDUSTRIES 
44 SUMMER AVENUE, NEWAPK 4, NEW JERSEY 

DIVISION OF AMPESEX ELEC7RONIC CORP. 

AT THE I.F.E. SHOW! 

BOOTHS 650, 652 
CIRCUITS AVENUE 
Kingsbridge Armory 
New York City 

March 21-24, 1955 



CORPORATION 

RESINITE 
iftexited eue 

TO VISIT 

BOOTH NO. 791* 
AT THE 

RADIO 
ENGINEERING SHOW 

1955 

IRE 
National Convention 
New York City • • • March 21-24 

*KINGSBRIDGE ARMORY, 

AIRBORNE AVE. 

eereetarieet 

VI 

RESINITE: THE COIL FORM WITH THE HIGHEST 

RESISTIVITY OF ANY RESINATED PRODUCT. 

Custom fabrication to your exact specification assures correct 

dimensions to within the most critical tolerances, plus uni-
formity throughout. 

Threads are positioned in accordance with your requirement 
—full thread, each end, one end, center only. 

We will furnish—without charge—a pilot production run of 

custom-made embossed forms to fit your particular applica-

tion. We will also send a winding mandrel made to the speci-

fications you supply. 

Resinite representatives will be on hand to explain full 

details on Use of Threaded Tubes, Threaded Iron Cores 

VS. Torque Control. 

Sales Representatives in: 
New England: 
Framingham, Massachusetts, Framinghom 7091 

Metropolitan New York, New Jersey: 
Jersey City, New Jersey, Journal Square 4-3574 
Upstate New York: 
Syracuse, New York, Syracuse 76-8056 

Northern Ohio, Western Pennsylvania: 
Cleveland, Ohio, Atlantic 1-1060 

Indiana, Southern Ohio: 
Logansport, Indiana, Logansport 2555 

Missouri, Southern Illinois, Iowa: 
St. Louis, Missouri, Sterling 2318 

Maryland: 
Baltimore, Maryland, Plazo 2-3211 

Philadelphia, Camden: 
Philadelphia, Po., Chestnut Hill 8-0282 

California: 
Pasadena, California, Sycamore 8-3919 

Canada: 
Montreal, Quebec, Canada, Walnut 2715 

PRECISION PAPER TUBE COMPANY 
2035G W. CHARLESTON ST. CHICAGO 47, ILLINOIS 

What to See at the 

Radio Engineering Show 

(Continued from page 1.12A) 

Allied Chemical & Dye Corp., Booth 558 
Components Ave. 

See Barrett Division of Allied Chemical & Dye 
Corp. 

Allied Control Co., Inc., 492 Electronics 
Ave. 

Sub-subminiature relay, D.P.D.T., with 03 
amp. rating. Subminiature sensitive relay, 
D.P.D.T., 40 mw., 2 am. rating. Contacts for 
low-level applications. Counterbalanced arma-
ture in subminiature relay for 100G. Subminia-
ture relay 6-4 pole, 20G, to 2000 cycles. 4 pole & 
2 pole subminiature relays 10 amp. rating. 

Allied Engineering Div., Allied Interna-
tional Inc., 71 Palace 

*"Jetrol" Plotomat, an electronic strain calcu-
lator. "Trichrometer" color control and record-
ing equipment. General Products of power sup-
plies and test equipment. 

Alpha Metals, Inc., 701 Production Rd. 
Printed circuit solder, fluxes, cen-tri-core ener-
gized rosin-cored solder, special low melting 
alloys for diodes and transistors, preforms and 
fluxes for all automatic operations. 

Alpha Wire Corp. 

454 Electronics Ave. 

Complete line of Electronic Wire & 

Cable, and *introducing the new 
Alphlex line of tubing & sleeving. 
Government specification and com-
mercial types. 

Alter Lansing Corp. 
882, 884 Audio Ave. 

Complete line of microphones, dy-

namic, velocity and condenser, con-
trol consoles and loudspeakers, fea-
turing the new 440A remote and 

340A power amplifiers. 

American Aluminum, 25 Palace 
Precision drawn, non-ferrous components for 
radio, radar and electronic devices; including 
riveted, heliarc welded and spot welded as-
semblies. Precision spinnings will also be ex-
hibited. 

American Electronics, Inc., 726, 728 Air-
borne Ave. 

American Electric Motors, manufacturers of 
small blower motors, alternators, ground power 
equipment, plane cooling equipment, load 
banks, test equipment, resolvers, servo motors, 
tachometers, induction potentiometers, compu-
ters. synchros. 

• Indicates new product 

(Continued on page I46A) 

FIRST AID ROOM 
A nurse is in charge at all times. First Aid 

Room is the sixth room to right of Lobby 
directly off registration area in Kingsbridge 

Armory. 
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A BILLION OPERATIONS 
...width no maintenance whatsoever 

from NEW CLARE 

Mercury-Wetted Contact Relays 

• Cutaway view showing sealed-

in-glass, mercury-wetted contact 
switch, surrounded by the oper-

ating coil and encased in a metal 
housing mounted on an octal base. 

CLARE Type HG and HGP Relays 
are built to meet 
the exacting requirements for— 

Computing machines Servo- mechanisms 
Sortmg machines Relay ampiifiers 
Tabulating machines High-speed keying relays 
Tota'izers Signaling devices 

All kinds of high-speed switching devices 

Outstanding features of 
CLARE Type HG and HGP Relays 

ELECTRICAL FEATURES 

LONG LIFE: Conservative life expectancy of 
cver a billion operations when operated withil 
ratings. 

HIG-I SPEED: Give consistent performance 
at speeds up to 60 operations per second. 

HIGH CURRENT—and voltage- handling ca• 
pacify (up to 5 amperes, and up to 500 volts). 

UNIFORMITY: Operating time iaries by only 
abou• 0.1 millisecond under constant drive 
conditions. 

CHATTER-FREE: Mercury dampens arma-
ture y bration and bridges mechanical chatter 
between metal contact surfaces. 

MECHANICAL FEATURES 

• Small chassis space required 

• Corvenient plug-in mounting 

• Env ronment-free 

• Tamperproof 

• High sensitivity 

• Maintenance-free 

• No contact wear 

• Adjustment cannot change 

Type HG Relay Type HGP Relay 

This first announcement of the new CLARE Mercury-
Wetted Contact Relays is of especial importance to designers 
of high-speed switching machines and devices which de-
mand accuracy and dependability of a high order. 

In these relays, with their unique electrical and mechani-
cal stability, you will find exactly the qualities this kind of 
apparatus requires-

- Long life (over a billion operations) 
—High speed (up to 60 operations a second) 
—High current- and voltage-handling capacity 
(up to 5 amperes, and up to 500 volts) 

—Bounce- and chatter-free contacts 
—Extraordinary uniformity of operation 

These distinctive characteristics are achieved by the use of 
platinum contact surfaces, continuously wetted with mer-
cury by capillary action, and the hermetic sealing of a 
magnetic switch in a protected glass capsule, filled with 
pressurized hydrogen. 
GLARE Type HG Relays comprise a switch element and 

an operating coil. GLARE Type HOP Relays are similar 
but can be factory-adjusted to provide either biased or 
polarized operating characteristics. 

For complete in formation on the new CLARE Type HG and 
IMP Mercury-Wetted Contact Belays, contact your nearest 
CLARE representative or address C. P. Clare & Co., 3101 
Pratt Blvd., Chicago 45, Illinois. 

Send for CLARE Sales Engineering Bulletin No.120 

eaLl, 
FIRST IN THE INDUSTRIAL FIELD 

Visit CLARE Booth 434 
Radio Engileering Show • March 21-24 

Kiigsbridge Armory • New York, N.Y. 



Both the Counter and the Dial 

Indicator are shown full size. 

WHICH IS 

READ WITH 

GREATER ACCURACY? 

Tie Kearfott Couater shov.r can be read wirh 

tile same ease and accuracy a> a dial in-
dicator 143 inches in diurneter. 

Ball Bearaigs and precis e,n hardened steel 
ports used in Kericfott Counters permit their 
high speed rotation for long periods of time. 
Keorfott Counters ore capable of being 
driven cd 1800 RPM. Pleciv1on ports also can-
t.ibute to precie positioning and precise 
reading. 

STANDARD KEARFOTT TYPES 

ANGLE COUNTERS: Odometer indication of 
shaft position, fully reverdble operation re-
turning to 0° at end of count. Either 0°-359.9° 
in 1/10 or 00-3590 in 1/2° increments as de-
sired. Maximum speed 1800 RM. 

KEARFOTT COMPONENTS 

INCLUDE: 

Gyros, Servo Motors, Synchros, Servo 
and Magnetic Amplifiers, Tachometer 
Generators, Hermetic Rotary Seals, 
Aircraft Navigational Systems, and 
other high accuracy mechanical, elec-
trical and electronic components. 

Send for bulletin giving data of Count-
ers cmd other components of interest 
to you. 

DECIMAL COUNTERS: High speed decimal 
count Pam 0-9999 and return to 0 in 2 incre-
ments. Maximum speed 1800 RPM. One 
revolution of shaft equals 10 units. 

LONGITUDE COUNTERS: For east- west on-
gitude irdieution in degrees and m'nutes in 
1/2 minute increments. Mask transfers hemi-
spheric indication of 00 and 179°59' Maxi-
mum speed 1800 RPM. 

LATITUDE COUNTERS: Indicates N 89'591 
to S 89`591. For san-e direction of input the 
mask transfers hemispheric indication and 
reverses reading at 00 degrees 00 minutes. 
Maximum speed 1800 RPM. 

Variations of these Standard Types are 
available for special purposes. 

KEARFOTT DISPLAY AT THE RATIONAL . LE. SHOW, 

KINGSBRINE ARMORY, NEW YORK, BOOTH 152. 

ear ott 

A SUBSIDIARY Or GENERAL PRECISION EQUIPMENT CORPORATION 

KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 

Soles and Engineering Offices; 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 185 W. Randolph Street, Chicogt, III. South Central Office: 61'15 Denton Drive, bollos, Texas 

Wee Coast Office: 253 N. Mined° Avenue, Pasadena, CaA. 

What to See at the 

Radio Engineering Show 

(Continued front page 144A) 

American Elite, Inc. 
81 Palace 

TELEFUNKEN microphones; Mag-
netophon profession ai portable tape 
recorder; Telefunkep receiving tubes 
and cutting head. Premiere showing 
in United States of the tubes and 
cutting head. 

GiltUJ 
Custom Made 
Technical Ceramics 

I. 
BOOTH 124 

Television 
Avenue 

Engineers in attendance to advise 

on special electronic applications. 

AMERICAN LAVA CORPORATION 
A Subsidiary of 

Minnesota Mining and Manufacturing Company 

American Machine & 
Foundry Co. 

106, 108, 110 Television Ave. 

Newly developed Flame Detector (for jet 
aircraft engines), demonstration of precision 
electronic controls for high weed industrial 
production and ordnance. Special purpose 
batteries, relays, fastening devices. Radar, 
Teflon film, Dynamic Tube comparator dem. 
onstrations. 

New components, new catalogs, 
new product literature — all on 
display at the AMPHENOL exhibit 

See us at RADIO ROAD 
and ELECTRONIC AVENUE 

American Silver Co., 350 Microwave 
Ave. 

*Temperature-actuated (thermostat) metals, 
electronic grade nickel-clad steel, oxide-frr 
beryllium-copper strip, high-precision tolerance 
titanium foil, silver•clad beryllium-copper 
strip, high-permeability alloys. Also: wide va-
riety of ultra- thin, high-precision tolerance 
metal strip, clad metals. 

American Television 
8z Radio Co. 

695 Circuits Ave. 

Auto Radio VIBRATORS, ATR 
DC-AC INVERTERS, ATR Vibrator 
Power Supplies, ATR Rectifier 
POWER SUPPLIES, ATR "A" Bat-
tery ELIMINATORS. ATR SHAV-
PAKS, ATR BATTERY CHARG-
ERS, and ATR CHARA-VERTERS. 

*Indicates new product 

(Continued on page 149A) 
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THIS I 

UNIT SHOWN ACTUAL SIZE 

NPR— 

NEw3-WATTiektz 
miniaturized axial-lead wire wound resistor 

This power-type wire wound axial-lead 
Blue Jacket is hardly larger than a match 
head but it performs like a giant! It's a 

rugged vitreous-enamel coated job—and 

like the entire Blue Jacket family, it is 

built to withstand severest humidity per-
formance requirements. 

Blue Jackets are ideal for dip-soldered 

sub-assemblies . for point-to-point wir-
ing .. . for terminal board mounting and 
processed wiring boards. They're low in 

SPRAG 

cost, eliminate extra hardware, save time 
and labor in mounting! 

Axial-lead Blue Jackets in 3, 5 and 10 

watt ratings are available without delay 

in any quantity you require. * * * 

SPRAGUE WATTAGE DIMENSIONS MAXIMUM 
TYPE NO. RATING I. ( inches) D RESISTANCE 

151E 13,4„ 10,000 12 
27E 5 1Ve 30,000 
28E 10 17/a 246 50,000 

Standard Resistance Tolerance: ±- 5% 

WRITE FOR ENGINEERING BULLETIN NO. 111 B 

SPRAGUE ELECTRIC COMPANY • 235 MARSHALL ST. • NORTH ADAMS, MAS S. 

PROCEEDINGS OF THE I.R.E. March, 1955 
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WIRE•CABLES•TUBING 
OPERATING TEMPERATURES FROM -90`C TO 210' C 

Coaxial Cables—"Surco" coaxial cables include o wide 
variety of types, such as low capacity, extra flexibility, 
small diameter, microphone, 2 conductor, and high tem-
perature "Teflon". Conform to Military Spec. Jan-C-
17A. Many special designs. If you have o coaxial cable 
problem consult us. 

Miniature Wire & Cable—"Surco" miniature wire and 
cables are made in conductor sizes down to No. 32 AWG 
in stranded and solid. Close control in manufacturing per-
mits small finished diameters on both single and multi-
conductor cable. Available in standard colors with and 
without nylon jacket or shielding in the various vinyl or 
polyethylene compounds. 

"Surflene" Insulated Hook-up Wire—"Surflene", 
extruded monochlorotrifluoro ethylene, has excellent resist-
ance to heat, abrasion, and most chemicals, including 
nitric acid. Having high dielectric strength and insulation 
resistance, it is especially useful' in totally enclosed ap-
plications with continuous temperatures up to 135°C. 
"Surflene" is available in 15 solid colors and wall thick-
nesses down to 0.008". "Spiralon" colors presently under 
development. 

Multi-Conductor Cables—"Surprenant" multi-conduc-
tor cables are available with conductor sizes from No. 32 
AWG and larger, with or without nylon jacket or shielding 
and can be made to specification for special design and 
applications. Close tolerances permit unusually small over-
all diameters and "Spiralon" color coding permits easy 
identification even when hundreds of conductors are 
involved. 

New Improved Aircraft Wire— Surprenant new light-
weight, smaller diameter MD wire-(vinyl-glass braid- nylon) 
and the standard Surprenant sandwich construction (vinyl-
glass braid-vinyl- nylon) give excellent overload safety, 
high and low temperature performance, good electrical 
properties and have a nylon jacket giving greater re-
sistance to abrasion, fungus, moisture, hydraulic and other 
oils ( nylon braided jacket on sizes 10 AWG and larger 
for greater flexibility) and are made to conform to MIL-

feuded 
INSULATED (2 1 0 C) 

HOOK-UP WIRE 

SIZES FROM 32 TO 4,'0 

W-5086. "Surprenant" also offers nylon jacketed- poly-
vinyl-chloride construction made to conform to Military • Spec. AN-J-C-48A. 

• 

• 

• 
G 

• 

• 

• 

• 

• 

• 
H 

• 

• 

• 

• 

"Spiralon"—"Surco-Spiralon" color coding is available 
on all vinyl, polyethylene, and nylon insulated wires, with 
or without nylon jackets. One, two, or three color stripes 
are available in the standard Nema colors providing 
almost unlimited color identifications. 

Solid color insulation is also available in the 10 standard 
Nema colors. 

"Surco" A-10 For ( 105°C) Hook-up Wire—A-10 is 
an unusually high grade vinyl insulating compound devel-
oped in our own laboratories for a better hook-up wire. 
It has excellent resistance to deformation, solde-ing, high 
temperature, low temperature and aging; high electrical 
properties; Underwriters Lab, approved for continuous 
operation to 105°C without fibrous covering. A-10 in-
sulated wire made to conform to MIL-W-16878. 

JAN-C-76 Hook-up Wire—Made to conform to Mili-
tary Spec. (WL-SRIR-SRHV-SRRF) in all sizes. WI available 
with nylon jacket or glass braid. The nylon jacket has 
greater abrasion resistance and high surface resistivity 
under adverse conditions. SRIR-SRHV-SRRF available with 
primary insulation only or with the addition of a glass 
braided covering. All standard colors including "Spiralon" 
spiral striping. 

"Surco" Tubing—"Surco" vinyl tubing is available in 
special formulations to provide low temperature (-65°C), 
high temperature ( U- L. approved for 105`C), high dielec-
tric strength, flexibility and colors. Standard compounds 
are carried in stock in regular sizes. Polyethylene and 
nylon tubing are also available and are carried in stock 
in natural color, limited sizes. 

MIL-W-5274A Radar & Electronic Hook-up Wire 
—Made to conform to Air Forces Spec., this wire offers 
excellent low temperature performance. Nylon jacketed, it 
has high abrasion resistance and superior surface resistiv-
ity even under adverse humidity conditions, making it very 
adaptable for high impedance circuits. 

Extruded Thin-Wall Teflon Insulated ( 210°C) Hook-Up Wire—Continu-
ously operable over the range from-90°C to 210°C without appreciable deteriora-
tion, extruded "Teflon" (polytetrafluoroethylene) is now available in walls as thin 
as 0.010" (type WTE) and 0.015" (type RTE). Teflon combines non.flammabili,y, 
chemical and solvent resistance, high volume and surface resistivity with extremely 
low electrical losses. This wire is available in all flexible strandings from AWG 30 
to AWG 10 and conforms to performance requirements of MIL-W-16878. Colors 
conform to MIL-STD- 104. 

teleP MFG. CO. 

See you at the IRE Show 
Kingsbridge Armory, N. Y. City 
Booths 729-731, March 21-24 

1 9 9 WASHINGTON ST. BOSTON 8. MASS. Plant CLINTON, MASS. 
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What to See at the 

Radio Engineering Show 

(Continucd on pago 146.1) 

f_41 Amperex 
MI ELECTRONIC CORP. 

_=W  Hicksville, Long Island, N. Y. 

273-275 INSTRUMENTS AVE. 
(Corner of Transistor Way) 

Transmitting and Power Tubes, Rectifie-5, 
Magnetrons, Thyratrons, Geiger Tubes, X•Ray 
Tubes, Fixed Vacuum Condensers, Germanium 
Diodes, Transistors, Special Purpose Tubes. 

AMPEX 
CORPORATION 

INSTRUMENTATION DIVISION 
206-208 Instruments Avenue 

Introducing a new line of shock-resist-
ant magnetic tape data recorders 
for mobile and airborne applications. 

ANTENNAS, ANTENNA SYSTEMS, 
COAXIAL TRANSMISSION LINES 

CORPORATION 

VISIT WITH US AT: 
352 MICROWAVE AVENUE 

Antlab, 36 Palace. 
Antenna pattern range components. Special 
emphasis on new polar pattern plotter and 
model support tower. Wide range square root 
recorder and precision rotator on display. 

I r. 1,1":1'1!11111111!IIIIIrl!!!!....!1!11111111 ' " I... 

Apex Machine Company 

62 Palace 

Marking Machines for printing with 
colored inks & hot foil stamping on 
wire, plastics, metal, glass. etc. Electric 
components in any rhape with sharp 
color imprints for lecorating, trade 
marking, color coding, piece marking, 
etc. 
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III

III
III

III
III

III
III

III
III

III
III

III
III
 

#weARCO 
ELECTRONICS INC. 
NEW YORK 13. N. Y. 

Booth 361 - Microwave Ave. 

ELMENCO CAPACITORS 

ELECTRO-MOTIVE MFG. CO. 

vernistat... The Revolutionary 
New Precision Vuriable-Rutio Transformer 
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Analog Computers? Servos? Control Systems? Vernistat 
is a completely different type of voltage divider combining low 

output impedance with an inherently high resolution and, 
linearity not ordinarily attainable by precision potentiometers. 
The Vernistat consists of a tapped auto-transformer which pro-

vides the basic division of voltage into several discrete levels. These 
levels are selected and further sub-divided by a continuous inter-
polating potentiometer that moves between 30 transformer taps. 

Because of its unique operating principles, electrical rotation is 
held to close tolerances eliminating the need for trim resistors. In 
many applications there is also no need for impedance matching 

amplifiers. 
Specifications of the standard model Vernistat are shown below. 

Other versions are under development to meet specific end uses. 

What are your requirements for this unique precision voltage 
divider? Fill in the coupon now. 

vernistat division PERKIN-ELMER CORPORATION 
NORWALK, CONNECTICUT 

SPECIFICATIONS 

Linearity Tolerance 

better than ±-.05% 

Resolution better than .01% 

Output Impedance 

130 ohms ( moo.) 

Man. Output Current   50 ma 

Frequency 50 3000 c,)s 

Other models including a mini-

aturized 400 cps version will be 

available in the near future. 

verni's tat division s PERKIN-ELMER CORPORATION 

1114 Mein Avenue, Norwalk, Connecticut 

Send me more information on the Vernistat. 
The application I have in mind is os follows.  

NAME   

lITIE   

COMPANY  

ADDRESS  

(Continued on page 150A) 
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Those who know 

know 

7:^ 

LEADER 
in guide() missile h-ed instrumenta( 

1 ton is one of ii nation's most important 

aetors in die p,.-iduction of "GO NO-GO- tist and groin  ' 

support equipneLl for missile progi.im-‘. A pioneer in tesº«..anf- — 

check-out, .FI‘ con builds instrument:- s Iiiil " flight test". 

mi.ssdrsantomatiezdly in a niatt-.,r of minutes. 7 

IF YOU ARE QUALIFIED IN THE ELEC-

TRONICS OR P-10TOGRAPHIC FIELDS, 
HYCON OFFERS PRCGRESSIVE OPFOR-

TUNITiES. CONTACT THE EMPLOYMENT 
MANAGER, HYCON MEG. COMPANY, 

BOX N, PASADENA 15; CALIFORNIA. 

11) s a 

9 

Ceet Mfg. Company 
2951 EAST COLORADO STREET • PA.SADENA 8, CAUFORNIA 

"Where Accuracy Counts" 

ORONANCE • ELECTRONS • AiRIAL SURVEYS • AERIAL CAMERAS 

lik 

What to See at the 

Radio Engineering Show 

(Continued from page 149A) 

Arga Div., 760 Airborne Ave. 

See Beckman Instruments, Inc. 

Arnold Engineering Co. 

146, 148, 150 Television Ave. 

Alnico permanent magnet,{ (cast and 
sintered); tape wound cotes of high-
permeability; alloys including Delta-
max, Permalloy and Superalloy; "C" 
and "E" Cores of Silectroa; Powdered 
Molybdenum Permalloy; Vibralloy and 
other magnetic materials. 

Asquith Co., S. A., 680 Circuits Ave. 
See Pacent Engineering 

Assembly Products, Inc. 

311 Computer Ave. 

Meter-Relays. Pyrometers. API Panel Meters. 
Simplytrol Temperature Control. •Versatrol 

Controls. *Ruggedized Indicating Meter-Re-
laye. *4'%-inch Ruggedired Panel Meter. 
*Very High Sensitivity Relay. 

Associated American Trading Div., Syr-
kus & Guttman, Inc., 713 Airborne Ave. 

*Coil Winding Machines & Tensioning Equip-
ment. No gears, no cams, no calculations . . . 
No set-up man! Toroid, Layer, Precision Layer, 
Random, and Transformer winding. 

MOLDED PLASTIC 
METALLIZED 
PAPER 7UBULAR 

. - plus other new sChrniniature capacitors 

368 
Microwave 
Avenue 

MANUFACTURERS OF 5101- OUALFTY CAPACITORS 
AND R.F. INTERFERENCE FILTERS FOR EVERY 

COMMERCIAL AND MILITARY USE 

Atlas E-E Corporation, 745 Airborne 
Ave. 

*.015" Micro Pin Socket, *Vertical Subminia-
ture Tube Holder, *Floating Socket Miniature 
Tube Mount, *Printed Circuit Jack, Compo-
nent Holder, *Diode Clips, Lacking Clips, Lu-
cite Cap Nuts. 

Atlas Tool & Machine Co., 723 Airborne 
Ave. 

See Electro Devices Co., Inc. 

Atomic Instrument Co., 323, 325 Com-
puter Ave. 

*Industrial counters and control instruments 
including high speed units, bench-type fast 
combination registers. Nuclear instrumentation 
including glow scalers, scintillation spectrom-
etry apparatus, H.V. Supplies. 

Audio, 852 Audio Ave. 

See Radio Magazines, Inc. 

*Indicates new product 
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What to See at the 

Radio Engineering Show 

Audio & Video Prods. Corporation, 74, 

76, 78 Palace 
*Newly developed line of Magnetic Tape Re-
cording Equipment for instrumentation features 
"Building Block" assembly, "W" Type Tape 
Drive and A-V "Super Performance" Heads. 
Equipment utilizes direct recording, FM car-
rier, and other recording techniques. 

Audio Devices, Inc., Theatre 1, 829 Audio 
Ave. 

Audiotape - Audiodiscs - Audiopoints Audio-
film. *Type EP AUDIOTAPE—Extra precision 
for data recording. *Type LE AUDIOTAPE-
50% longer recording—See display all makes 
tape and disc recorders in our theatre. 

Aurora Equipment Company, 874, 876 

Audio Ave. 
See Equipto Division. 

"Automatic Control," 46 Palace 
See Reinhold Publishing Corp. 

Automatic Electric Sales 
Corp. 

463 Electronic Ave. 

Telephone-Type Relays and Switches, 
Open and Hermetically Sealed; Fea-
tured are "Series OCS" Cam Switch-
ing Relay, "Types 44 & 45" Rotary 
Stepping Switches, and others. 

Avery Adhesive Label Corp., 389, 391 
Microwave Ave. 

*Combination oil and heat-resistant pressure. 
sensitive labels; *Two new label dispensers 
(electric and manual) that dispense labels 
either singly or in multiples. 

Baker 8z Company, Inc., 810 Audio Ave. 
Rhodium plating for the electronic field. Con-
tacts of all metals in a wide range of shapes 
and sizes. Fine wires for vacuum tubes. 

Balco Research Laboratories, 818 Audio 
Ave. 

High-reliability capacitor stable from —55° to 
+200°C guarantees insulation resistance of 
10" ohms. Compact 400-MC Low-pass filter pro-
vides 60 db attenuation of harmonics, less than 
1 decibel insertion loss. 

Ballantine Laboratories, 
Inc. 

245 Instruments Ave. 

Sensitive electronic voltmeters; true 
RMS electronic voltmeters; ultra low 
frequency voltmeters; DC-AC precision 
calibrator; sensitive electronic inverter; 
decade amplifier; a new capacitance me-
ter; DC output adapter; voltage multi-
pliers; shunt resistors. 

783 Airborne Ave. 

See our exhibit of versatile, ultra-sensi-
tive polarized d-c relays . . . and a 
high quality line of a-c and d-c sub-
fractional hp motors. 

Barber-Colman Company 
Rockford, I Ilinois 

(Continued on page 152A) 

QUALITY TEST INSTRUMENTS 

FOR TOMORROW'S REQUIREMENTS 

When you visit the I.R.E. National Convention in New York, 

- be sure to stop at the HYCON booth. You'll see instruments actual!) ahea 

of today's test needs.., ready for tomorrow's circuitry. All are 
applicable to and meet the exacting requirements of radio 

• en neerin '6 newest field. ...colo*' TV. 

•,“ 

MODEL 615 DIGITAL VTVM 

This is the w idely herald ings 
ed new Ibreon 

VT-si'M which gives direct read, with, 
out interpolation. Features 1To accuracy 

sensitivity; 
(DC and ohms) ; 1 millivolt  
illuminated digital scale with decimal 12 rang (AC, 

point and polarity sign. lias es  
DC, ohms) and frequency response (with 

auxiliary probes) to 250 MC. 

MODEL 617 3" OSCILLOSCOPE 

Designed specifically for color TV and 

research laboratory requirements .. . pro-
vides undistorted trace from edge to edge 

on a special flat 3" CRT. Features high de-
flection sensitivity (.01 v/in. rims); 4.5 

MC vertical bandpass, flat within ± 1 db; 
internal 5% calibrating voltage. Small, 

lightweight ... but accurate enough for the 
most exacting work. 

—.and a new instrument to be 
shown for the very first time... 

MODEL 622 5" OSCILLOSCOPE 

Rugged enough for field and plant use but an instrument 
of true laboratory caliber.., automatic triggered 

sweep...calibrating voltage accurate to ± 3% 
...electronically regulated power supplies. 

IF YOU APE QUALIFIED IN THE ELECTRONICS OR PHOTOGRAPHIC FIELDS, 
HYCON OFFERS PROGRESSIVE OPPORTUNITIES. CONTACT EMPLOYMENT MANAGER. 

HYCON MFG. COMPANY, 
BOX N, FASADENA 15, CALIFORNIA 

Ceet Mfg. Corn pan 
2961 EAST COLORADO STREET 
PASADENA 8, CALIFORNIA 

"Where Accuracy Counts" 

ORDNANCE • AERIAL CAMERAS • AERIAL SURVEYS 
LECTRONIC TEST INSTRUMENTS • ELECTRON.0 SYSTEMS 

GO NO-00 MISSILE TEST SYSTEMS • BASIC ELECTRONIC RESEARCH 

PROCEEDINGS OF THE I.R.E. March, 1955 



Encapsulated Ty773-80---"'.-

/Delay 
Lines 

Open Type 380 
AVAILABLE 

'41tOM STOCK 

_,---, 
.  

i ...," 
." ' ,,, 

--''' ..-1 
.!..:5, 

...STOCK TYPES FOR QUICK DELIVERIES 

...SAMPLES AND "SPECIALS" TO 

EXACT SPECIFICATIONS 

As engineering specialists in both wire winding 
and electronic equipment assemblies, Shallcross 
offers complete facilities for the design and large-
scale production of delay lines in a variety of open 
and encapsulated styles for both highly critical as 
well as commercial uses. 

Typical applications include use as compensating 
delays for color television, in signal delays for TV 
synchronizing signal generators, and in wideband 
distributed-type amplifiers. 

Now available for prompt delivery is the Shallcross 
open-type 380 described below. This is a typical 
lumped parameter delay line using silvered mica 
capacitors conforming to JAN Style CM- 15, Char-
acteristic E. Many other types can be readily designed 
for specific applications. Quick delivery of proto-
types! Send your specifications for prompt consider-
ation by Shallcro-ii engineers.. SHALLCRŒS MFG. 
CO., 524 Pusey Avenue, Collingdale, Pa. 

SHALLCROSS TYPE 380 DELAY LINE 
SIZE: Open Type: 2u" x 11/2" x Sii6" 

Encapsulated Type: 21/4" x 1" x 1" 
ELECTRICAL CHARACTERISTICS: 

Maximum pulse voltage: + 100 volts 
Rise time: 0.04 microseconds 
Total delay: 0.3 + 0.03 microseconds 
Impedance: 500 ohms 
Cut-off frequency: 8.5 megacycles 

alial.loros 
See us of the I.R.E. Show, Booths 559 It 561 Components Ave. 
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What to See at the 

Radio Engineering Show 

(Continued from page 151A) 

Barker & Williamson, Inc. 
202 Instruments Ave. 

Chokes, Coils, Discriminators, Filters, 
Measuring Instruments, Receivers, 
Transmitters, and Test Equipment. 
Complete communications systems 
of: V-H-F Radio Relay, Frequency-
shift, Radio Teletype & Telephone, 
microwave, and direction finding. 

Barrett Div., Allied Chemical & Dye 
Corp., 558 Components Ave. 

PLASKON Alkyed molding compounds offers 
high arc resistance, high dielectric strength, 
excellent dimensional stability, great heat re-
sistance, low water absorption and possible 
production economies for critical electronic 
applications. 

Barry Corporation, 696, 697 Broadcast 
Way 

Vibration & shock isolators & special mounting 
bases for all applications; giock machines; 
Research & development engineering; All 
angle aircraft mount for jets & guided missiles. 

Bart Laboratories Co., Inc. 

514 Components Ave. 

Precision electronic components manu-
factured by electroforming, to achieve 
unusual shapes, close tolerance and high 
interior surface finish. Gold plating 

with Sel-Rex "Bright" processes, in-
eluding silver and rhodium. 

Beckman Instruments, Inc. 
Arga Division 

760 Airborne Ave. 

Arga will exhibit the following com-
ponents: resolver, synchro, miniature 
generator, PM inverter and new ex-
panded scale panel voltmeter. New in-
struments include autospenser and mag-
netic mill. 

Belock Instruments Corp., 7 Palace 
See Instrument Components, Inc. 

:4111111111111111111111111111111111:1111111111111111111111111111111111111111111111111IIIIIIIII111111111111111:1111111111IIII 

E Bendix Aviation Corp. 
Eclipse-Pioneer Div. 

128-140 Television Ave. 
E 

Synchros, servo motors and systems, 
power supplies, vacuum tubes, re-
ceiving vacuum tubes, rectifiers and 
special purpose vacuum tubes, trans-
mitting, voltage regulators, klystrons. N. 

.milL111111i1111111111111111111111111111111111111111111111111111U 
(Continued on page 151A) 

Busses every eight minutes 

Kingsbridge to Waldorf Astoria 

FREE 
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91licheweve_ And diaclax înquiszeut. 
Obtain Your Complete Frequency Coverage at High Accuracy with 

ONLY ONE  FREQUENCY METER•• 
THE TELERAD MODEL TFM - 186 
Complete frequency coverage from 100 megacycles to 10,000 megacycles with overall 
accuracy of .01% or better. 

Crystal calibrator includes thermostatically controlled temperature chamber which gives an 
accuracy of .002% at the check points. 

Input circuit accommodates both waveguide and coaxial attings. 

Video output jack permits visual observation of beats by the use of an external oscilloscope. 

No bardswitching, continuous coverage of the entire frequency range by the use of a 
counter type dial with fiducial index. 

Phone jack for aural detection of the presence of a beat with visual presence of a 
being indicated on the panel meter. 

Used in the leading research and development laboratories of the electronic industry and 
government agencies and wherever its very high accuracy, stability and wide frequency 
coverage are of the greatest importance. 

SPECTRUM-100mc/s TO 10,000mc/s. 

OVERALL ACCURACY 0.01°4 or better. 

CRYSTAL CALIBRATOR — ACCURACY 

0.002%. 

VIDEO OUTPUT RECEPTACLE. 

THERMOSTATICALLY CONTROLLED 

CRYSTALS. 

BEAT INDICATING METER. 

CONTINUOUS COVERAGE, NO 

SWITCHING. 

WAVEGUIDE AND COAXIAL INPUTS. 

PHONE JACK FOR AURAL RECEPTION. 

COUNTER TYPE DIAL WITH FIDUCIAL. 

AC OPERATED— COMPACT-PORTABLE. 

TIME PROVEN— JAN COMPONENTS. 

Write taclay for complete information on the 

Telerad TFM-186 Frequency Meter. Telerad soles 

engineers at our New York office will be glad to 

discuss the application of this instrument to your 

frequency measurement problems. 

Current manufacturers of "5" and " L" 

beat 

Band Guided Missile Radar Beacons 

Designers and Manufacturers of Microwave • Radar Transmission Lines and Test Equipment 

1440 BROADWAY • NEW YORK 18, N.Y. Telephone BRyant 9-0893 

L REQUENCY METERS 
*See our Display • IRE Show 

FIL TERS 
• Booth 52, Kingsbridge Palace 



PRICE IS RIGHT! DELIVERY IS RIGHT! 

ECLIPSE-PIONEER 
AUTOSYN* SYNCHROS 

AY-200 SERIES 

in 5 standard types**... including 

CORROSION-RESISTANT models 

* "TRANSMITIERS. RECOVERS, CONTROL TRANSFORMERS. DIFFERENTIALS AND RESOLVERS, 

AY-500 SERIES (PYGMY) 

in 5 standard types** ... including 

CORROSION-RESISTANT models 

AY- 190 SERIES 

in 5 standard types** ... all 

CORROSION-RESISTANT 

And there's a type to meet every need! 
Our Autosyns provide the perfect answer 
to synchro requirements for three good 
reasons. First, they're priced attractively 
to keep down your initial cost. Second, 
they can be delivered in prototype quail. 
titles at once. Third, they're available in 
all standard types in production quanti-
ties .. . as well as practically any special 
type you could ever need. And, of course, 
military specifications are used as design 
objectives in all eases. Only at Eclipse. 
Pioneer can you find the combination of 

154A 

WRITE DEPARTMENT B 

ECLIPSE-
PIONEER 

experience, facilities, and production 
techniques that make possible all these 
important advantages. So, whatever your 
synchro requirements, it will pay you to 
see Eclipse-Pioneer. 

OTHER STANDARD AND SPECIAL ECLIPSE-

PIONEER AUTOSYN SYNCHROS INCLUDE 

models 1, 11, 15, 18, 23 and 2R as well 
as high temperature, high frequency, lin. 
ear, and other types for special needs. 

*REGISTERED TRADE-MARK RENOIR AVIATION CORPORATION. 

TETERBORO, NEW JERSEY 

Yr. sr Const Office: 117 E. Providendo Ave., Burbank : Calif. 
Export Soh,: B. nth.. Inturnotionol Division, 2C5 E. 42nd St., New York 17, N. Y. 

What to See at the 

Radio Engineering Show 

(Unttnued ¡ ram page 152.-1 

Bendix Aviation Corp. 
Pacific Division 

128-140 Television Ave. 
Sonar, Underwater Sound Detection; 
Telemetering, Airborne & Industrial 
Data Transmission Systems & Compo-
nents; Ultra-Sonics, High Frequency 
Sound for Cleaning Inspection Quality 
Control, etc.; Radar. Airborne Radar, 
including Beacons and Transponders. 

Bendix Aviation Corp. 
Bendix Radio Div. 

128-140 Television Ave. 

AVIATION—DME Interrogator; DME An-
enfla; DME Indicator; VHF Transmitter; 
Frequency Selectors; VHF Receiver; VOR 
Receiver; OMNI.Mag: Glide Slope Receiver; 
(ilide Slope Antenna; Leap Antenna 
ADF). MOBILE AND RAILROAD—Re-

mote Control; HF Communication.: Packaet, 

Bendix Aviation Corp., Red Bank Div., 
128-140 Television Ave. 

Vibrators, dynamotors, inverters, motor gen-
erators, motors, power supplies. Cold cathode 
types, counter tubes, klystrons, thyratrons, 
voltage regulators. 

Bendix Aviation Corp. 
Scintilla Div. 

128-140 Television Ave. 

Electrical Connectors—standard & spe-
cial types, AN, Ordnance, Radio 
Shielded, Firewall, Waterproof, Minia-
ture, High Voltage. & Special Applica-
tion Types. Ceramics for Exacting Re-
quirements. 

BENNETT 
MANUFACTURING COMPANY 

779 Airborne Ave. 

Custom - made Metal Enclosures and 
Components for Radio- Electronic 
Industries. 

A prime and dependable 
source of metal fabrica-
tion since 1900. 

CABINETS • CONSOLES 
ENCLOSURES • PANELS 
CHASSIS • FRAMES 

Berkeley, Division of 
Beckman Instruments, Inc. 

752, 754 Airborne Ave. 

*0.42 ma freq. meter;• decade induc-
tor; *push button analog computer; 
*decimatic scaler; *digital printer; 
'EASE components. 

(Continued on page 156.4) 

*Indicates new product 
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Cut-away view shows precision 
construction of Continental Series 1300 

CONTACTS FOR #20 AWC WIRE 

NO. OF CONTACTS SHELL SIZE 

4 and 5 

15. 19, 27 and 31 

9/16 -24 

13h o IR 

JUST OFF THE PRESS! 
98-page technical catalog 
for engineers, purchasing 
executives and engineering 
libraries. Gives detailed 
specifications on 
Continental precision 
connectors. Request a free 
copy on your company 
letterhead, indicating your 
name and title. 

If you have been looking for a dependable, miniaturized version 
of the popular A N-type connector, then consider this new 
Continental Connector Series 1300. 

Two small shell sizes accommodate several contact arrangements. 
The shells are precision machined aluminum, threaded for use with 
conventional cable clamps. Brass pin contacts and spring temper 
phosphor bronze female contacts are gold plated for easier soldering 
— pre-tinning of solder cups is unnecessary. Each contact is 
individually floating, to assure self-alignment and reduced 
engagement forces. 

One-piece molded inserts prevent moisture traps and possible 
electrical breakdown. They can be interchanged between the plug and 
receptacle shells for greater versatility. Our standard molding 
compound is Mineral filled Melamine ( MIL-P-14D, Type MME). 
However, other compounds are available on order. 

Write to our sales engineering department for 
technical data on the Series 1300, PLUS other special 
designs and circuit applications requiring the use 
of sub-miniature, printed circuit, hermetic seal, 
pressurized, high voltage or power connectors. 

_ 
DeJUR-Misto Coi ratioq, ¡5-01 Northern Boulevard, Lone island Zit:, tt. Y. 

See us at Booth 200, Production Road, IRE Show 
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TUBE SUPPORTS 

for forced-air-cooled 

power tubes 

• No longer is it 

necessary for equipment 

manufacturers to design 

supports for forced-

air-cooled tubes. After producing many such special designs, 

Lapp has engineered and built a complete series of insulating 

supports for air-cooled tubes. Use of these supports facilitates 

design of transmitter and other high-power circuits. Simple, 

compact, efficient and attractive in appearance, they make for 

economical production, easy interchangeability, and availabil-

ity of replacement units. Write for Bulletin 301, with complete 

description and specification data. Lapp Insulator Co., Inc., 

Radio Specialties Division, 223 Sumner St., Le Roy, N. Y. 

What to See at the 

Radio Engineering Show 

(Continued from page 154A) 

Beta Electric Corp., 320 Computer Ave. 
High voltage dc power supplies for color tele-
vision; ac/dc, ac & de "H:pot" equipment; dc 
vs ac testing vividly demonstrated. 

Biddle Co., James G., 714 Airborne Ave. 
Megger Electrical Resistance Measuring 
Equipment, Frahm Resonant Reed Frequency 
Meters, Relays and Oscillators, Biddle Corona 
Test Equipment, for non-destructive evalua-
tion of electrical insulation. 

Bingham Mfg. Co., J. F., 789 Airborne 
Ave. 

Ferrous & non-ferrous precision sheet metal 
fabricators specializing in magnesium & alu-
minum cabinets, chassis, & components for the 
military service & civilian electronic indus-
tries. 

Bird Electronic Corp., 254 Instruments 
Ave. 

Thruline RF Wattmeters; Termaline RF Watt-
meters; Termaline Coaxial Load Resistors; 
Coax Switches; Coaxial RF Filters. 

Bliley Electric Co. 

585 Components Ave. 

Quartz crystals, crystal ovens, fre-
quency standards, ultrasonic delay 
lines, custom assemblies. Miniature 
bantam crystal units. Standard Delay 
Lines for 1000 and 2000 yard mark-
ers, color TV crystals. 

TV Distribution Systems 
for INDUSTRIAL 
and BROADCAST 
TELEVISION 

614 Circuits Ave., (nr. Radar Rd.) 
BLONDER-TONGUE LABS., INC., Westfield, N. J. 

Bodnar Industries, Inc. 

797 Broadcast Way 

Mil-P-7788 (ANP89) plastic lighting 
panels and dials—illumination, gloss, 
contrast and abrasion testing equip-
ment approved by BuAir and Bu 
Standards—consulting aid to project 
engineers. 

Boeing Airplane Co. 

590 Components Ave. 

"Guided Missiles are Rough on Elec-

tronic Components." See Boeing dis-
play for the effect on electronic com-
ponents from extreme vibratory en-

vironmaits. 

(Continued on page 158A) 
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6507 

4.41 

0014 TO 

mperex® 
OR CONTINUAL 

EVELOPMENTS 

IN JAN TYPE TUBES 

or Military and 

Commercial Applications 

5C22 
6229 

6230 

6268 
I (4C35 with 

generator) 

The AMPEREX history in both design and production 

of tubes is one that points up the strength of the AMPEREX 
organization in pioneering engineering advancements and 

improving production techniques. Year after year, AMPEREX has 
been in the forefront ... introducing new types and new methods. 

Many of these AMPEREX "firsts" are now standards 
throughout the world. This constant awareness of the fact that 

new designs and new applications are of the utmost importance 
spurs our engineering staff, which is second to none 

in the world, into producing the tubes of the future ... today. 

On this page we illustrate only a few of the 
AMPEREX JAN-TYPE MAGNETRONS and a couple of the 

HYDROGEN THYRATRONS. It by no means reflects the 
extent of these operations which encompass a 

complete range of frequency and power outputs for 
magnetrons in both packaged and non-packaged types, 

nor does it give any indication of the number 
of tubes which we make. 

Naturally, all AMPEREX tubes receive strenuous life 
expectancy tests in field performance before any 

information is released. Most AMPEREX Magnetrons use new hobbed anodes, 
the one-piece corstruction technique which affords a cleaner, 

higher-Q resonator structure for improved performance plus longer life. 

THE NEW AMPEREX MAGNETRON Type 6507 features 
an improved cathode providing extreme stability with 

3-times normal pulse width. It also enables operation at 
extremely high repetition rates. When operated under 

standard 4J52 conditions, its life expectancy is 
better than 4-times normal. 

4J47 AMPEREX JAN-TYPE HYDROGEN THYRATRONS give more than 
double the normal life- expectancy . . . due to an advanced 

design featuring a built-in, self-regulating hydrogen 
generator, which requires no outside power source . . . 

providing operation with less jitter than any other available 
tubes. They are completely interchangeable 

with standard military types. 

AMPEREX Types 5C22 and 6268 are the only 
hydrogen thyratrons with this completely automatic, built-in, 

self-regulating generator. The 6268 is a 4C35 type tube 
with this added feature. 

4J52 

Write for list of other JAN-type AMPEREX Tubes ... 
Data Sheets are Available Upon Request. 

AMPEREX ELECTRONIC CORP. 
230 Duffy Avenue, Hicksville, Long Island, N. Y. 

In Canada: Rogers Majestic Electronics Ltd. 

11-19 Brentcliffe Road, leaside (Toronto 17) 
2J48 

5586 

2155 

2156 

11111PEREX 



-7Ite new SOURE "TWIN-LEVER" 
CERAMIC PICKUP CARTRIDGE 

/nor —nigh ildefify. pitonograpitJ 

PC Series for 33,A, 45, 78 r.p.m. 

AN "AB" LISTENING TEST WILL PROVE THAT THIS CARTRIDGE 
SURPASSES ANY OTHER HIGH QUALITY COMMERCIAL CARTRIDGE 
FOR EQUIPMENT MANUFACTURERS! 

Here is a "Balanced-Fidelity" cartridge 
designed for the equipment manufacturer 
to give you the maximum quality 
possible within your cost objectives. 

A new frontier for the Ceramic principle has been crossed 
by the development of this cartridge. Designers of high 

fidelity phonographs and hi-fi radio or tv phono combinations, 
who have been "test piloting" this new "Twin- Lever" ceramic 

development, report an amazing superiority in tone quality that can 
be easily heard before the cartridge is even measured! 

This "Twin- Lever" ceramic cartridge representsbe ultimate in commercial 
high fidelity reproduction—without compensating preamplifiers! 
Smooth, wide range response from 30 to 13,500 c.p.s. Other features which 
help to make this new cartridge so outstanding in performance are: high 
compliance that virtually eliminates tracking distortion ... extremely low 
effective mass provided by new specially-designed needles and new cou-
pling . . . tailored needles on separate needle shafts, functioning inde-
pendently for best 78 rpm response, too—as well as the superior micro-
groove performance. 
The new unique design eliminates "turnover" of either the cartridge or the 
needles. Both needles are in the same plane, and an ingenious, lever-
Operated shift mechanism gently moves each needle in and out of position. 

RADICAL NEW DESIGN FOR NEEDLE REPLACEMENT! 

Needle replacement is now so simple it can be done blindfolded!! This 
is a feature that will be of special interest to the ultimate users of your 
original equipment. Anybody can replace the needle, without tools, in a 
few seconds—while the cartridge remains in the pickup arm! 

MODELS 
Output Level at 1.000 c.p.s. 

Output Level at 1,000 c.p.s. 

Frequency Response 

Compliance 

Tracking Force 

Net Weight 

Dimensions 

PC4 and PC5 
.40 votts (33%, 45 rpm)  

.60 volts (78 rpm)  

30 to 13,500 c.p.s. 

1.30 x 10-6 cm/dyne 

5 gr. min. 

7 grams 

1" overall length; 
el" wide % high 

For further information on these remarkable new cartridges, write 

SALES DIVISION — SHURE BROTHERS, INC., 225 W. HURON STREET, CHICAGO 10, ILL 

7-2 
ALSO.... 
New High Output Ceramic Cartridges NO LESS OUTSTANDING IN THEIR 

CONTRIBUTION TO LOW COST, FINE QUALITY REPRODUCTION ARE 

THE HIGH•OUTPUT CARTRIDGES, MODELS PC2 and PC3. 

What to See at the 

Radio Engineering Show 

(Continued from page 156A) 

Boesch Mfg. Co., Inc. 

705-802 Production Rd. 

Toroidal Coil Winding Machines fea-
turing new 1/16" shuttle for minia-
ture size coils. Also, featuring our 
*Bobbin Winding Machines and 
*Transformer Coil Winding Ma-
chine. 

Bogart Mfg. Corp. 
379 Microwave Ave. 

Designers and producers of Elec-
tronic and Microwave components 
and assemblies. Items include * wave 
guide switches, * broadband rotating 
joints, * bifurcated balanced mixers, 
*dummy loads, * hybrid junctions, 
*short slot hybrids. 

Etfcre 

e, 

ce 1811 

See them at 
BOOTHS 
109-111 

/feeegeeebeSILICON 
POWER L7 RECTIFIERS 

AVAILABLE FOR THE FIRST TIME 

IN PRODUCTION QUANTITIES 

BOGUE ELECTRIC MANUFACTURING COMPANY 
 ON S. NEW JERSEY 

370-372 
MICROWAVE 
AVENUE 

Bond Electronics Corp., 363 Microwave 
Ave. 

Precision Wire-wound Resistors, Coils, Coil 
Assemblies. 

Boonton Electronics Corp., 776 Airborne 
Ave. 

Featuring 2 new instruments, "Direct Capacity 
Bridge," measuring extremely small capaci-
tance and "RF Distortion Meter," covering 
1-100 mc. Also UHF Grid Dip Meter on demon-
stration. 

*Indicates new product 

(Continued on page 160A) 

Show Hours: Monday 10 AM-10 PM 

Tuesday 10 AM-10 PM 

Wednesday 10 AM- 5 PM 

Thursday 10 AM-10 PM 
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EDWARD F. AYMOND COMPANY 
Dallas 19, Texas Logar 5233 
Tulsa, Oklamoma Oklahoma 7-9617 

WALTER J. BRAUER & ASSOC. 

Cleveland 7, Ohio 

COMPONENT SALES CORP. 
Hartsdale, New York Scarsdale 5.1050 

DELAY LINES • FILTER NETWORKS 

PULSE TRANSFORMERS 

DECADE DELAY LINES 
'Custom-Mode by ESC signifies your specifications 

have been met with the precision and skilI born 

of years of experience Jn the production of all types of 

video delay lines! ESC Delay Lines, custom-made or 

from our large selection of stock models, all meet MIL 

specifications and assure you maximum efficiency 

in a minimum of space. 

-4111*---Ar 

Our Representatives Are At Your Service 

A. I. UVERA & ASSOC. 
Madison, N. J. Madison 6-3220 
St. Albans, N.Y. St 6-9686 

Lansdowne, Pa. 

MAGNUSON & ASSOC. 
Chicago 41, III. Kildare 5-4426 

WM. M. MEILY CO. 
for. Wayne, Ind. 

WEIGHTMAN & ASSOC. 
Baroank, Calif. 

Write for Our Delay Line Brochure 

‘te -eirt 
See Us In Booth 684 

27 I.R.E. Show 

O Kingsbridge 
Armory 

Bronx, N. Y. 

534 yRGEIIIBIND.. PALISADES PARK, NEW JE 

PROCEEDINGS OF THE I.R.E. Man•h, 1935 



... With U.S. MICRO-POWER   
BEFORE ... voltage drops below a usable 

level ... b ef or e there is any loss of 

power to essential equipment . . . MICRO-

POWER IS IN ACTION. Completely automatic, 

Micro-Power operates with the main source 

of power. No time-consuming "load transfers", 

. . . EVEN FOR PRECIOUS SECONDS! 

Micro-Power is a complete stand-

by service that replaces several 

units of costly, more complicated 

eqúipment. Electric plant, recti-

fier, battery banks and motor-
Write U. S. Motors for complete information, specilie,wions and power curve ebarts, 

no power "outages" 

generator CAN ALL BE ELIMIN-

ATED ... with the installation of 

a single MICRO-POWER UNIT. 

NEW INSTALLATIONS — SAVE 

UP TO $300 PER MILE! 

UNITED STATES 
MOTORS CORPORATION 

554 Nebraska Street 

OSHKOSH, WISCONSIN 

What to See at the 

Radio Engineering Show 

(Continued from pige 158A) 

See the NEW 

SWEEP SIGNAL GENERATOR 
Meters, RF Rridges, Univerters, 

FM-AM Signal Generators, G Meter, 
ILS Signal Generotors, RF Voltage 
Standard, Sweep Sigma Generator. 

225-227 Instruments Ave.  

BOONTON RADIO CORPORATION 
Boonton, New Jersey 

Borg Equipment Div., George W. Borg 
Corp., 536 Components Ave. 

Complete series of linear multi-turn potentiom-
eters; instrument motors, synchronous and in-
duction; and servo control motors. 

Boston Engineering Division of Ameri-
can Machine & Foundry Co., 106, 108, 
110 Television Ave. 

Demonstrations of Dynamic Tube Compara-
tor, newly developed Flame Detector (for jet 
aircraft engines), and Teflon filin. 

eliiminunt 
E--

• 788 Airborne Ave. 

• *New high temperature trimpot with I 
0.6 watt power rating. *New wobble 
shaft linear motion potentiometer 

e- • with high natural frequency. 

Bourns Laboratories E 

Bradley Laboratories, Inc., 722 Airborne 
Ave. 

Selenium and copper oxide rectifiers and self-
generating photoelectric cel:s. 

Brady Co., W. H., 289 Instruments Ave. 
Self- sticking industrial produce including: 
All-temperature wire markers; special markers 
for coils, leads, assemblies, etc.; conduit mark-
ers for identifying conduits, cables, switch 
boxes, control panels, etc.; positive placement 
insulation for use in electrical components of 
all types; pre-cut masks for protection during 
spray painting, tumbling and buffing. 

Branson Corp., 17 Palace 
Miniature Magnetic Relays—Thermal Time 
Delay Relays. For those applications where 
dependable performance is essential under all 
combinations of electrical and environmental 
variations. 

140 FIFTH AVENUE 
HAWTHORNE, NEW JERSEY 

MANUFACTURERS 
and HEAT TREATERS of 

BERYLLIUM COPPER 
Components for the Electronic Industry 
BOOTH 417—Electronic Avenue 

British Industries Corp., 453 Electronic 
Ave. 

Ersin multicore solder with *5-core construc-
tion. Widney-Dorlec cabinet component sys-
tem. 

(Continued on page 1614) 

*Indicates new product 
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iNSTRUMENT CORPORATION 

Proven Ior 
per‘ormance in 
precision irtstruments 
and equipment including 
SY/1CHPOS GYROS, RADAR, 
FIRE CONTROL, TEST TABLES 
and othe, CRITICAL APPLICA rioNs 

One-piece construction* 
assures hich accuracy and 
super-dependability to the 
most rigid specifications. 

Specif 4on cf America Slip 
Ring ono Commutotor Assemblies for closer 

to erances, absolute unifo-mity and the ultimate 
in miniaturization. Wherever extreme dimerv›ional 

precision, accurate concertricity and high 
dielectric qualities, are reciL:ied, Instrument 

Corporation of Americo assemblies are 
specified witn confidence. One-piece, 

unitized construction eliminates dimensional 
variation due to accumulated errors, 

provides jewel-Ike finish, uniform 
ring hardness and reduced weight. 
Ergineerirg "knew-how" resulting 

from years of specialization and 
continuous collaboration with 

leading manufacurers 
all over the worlc is at 
your immeciate service. 

TYPICAL 
SPEC FICATIONS 

• SIZES: .035" to 36" Diameter, Cylindrical or Flat 

• CROSS-SECTIONS: R!:ng Thickness . 005" 
to .060" or More 

• FINISH: 4 Micro- Inches or Better 

• BREAKDOWN: 1000 V or More Hi- Pot 
Inter- Circuit 

• RING HARDNESS: 70 to 95 Brinell 

• SURFACE PROTECTION: Palladium on Rhodium, 
or Gold Prevent Tarnish, Minimize Wear & Noise 

INSTRUMENT CORPORATION OF AMERICA 
BLACKSBURG • VIRGNIA 

'ElEaRO OSITION PROCESS AIAILASLE UNDER EXCLUSIVE LICENSE AGREEMENT WIN El ECTRO TEC CORP. 

PROCEEDINGS OF THE I.R.E. March, 19 - 



What to See at the 

Radio Engineering Show 

(Continued from page 160A) 

OTHER POPULAR 
ILLINOIS TYPES 

SmT 
IMT 

IHT 

UMC 

FAMOUS FOR 

'Time kaki 

UMS 

o 

Get a fresh viewpoint on TV, radio, audio! 

ItAflH — 
1.111.11:TILIIIINICS 

„..“„ 

3 YEARS $8.00 

ILLINOIS CERAMIC 
CASED CAPACITORS 

• hermetically sealed 
• high temperature operation 
• excellent power factor 

• accurate capacity 
• high insulation resistance 
• overload tested 

CAPACITY RANGES 

FROM .0005 TO 1.0 MFD. 

200-400-600 & 1600 WVDC 

New ILLINOIS ITC Capacitors are made especially 
for the "tough" applications. Their non- inductively 
wound foil assemblies are oil impregnated and hermeti-
cally sealed in steatite cases. Thermoset end seals will 
not soften or flow with soldering, or at any conceivable 
operating temperature. 
TYPE ITC Capacitors have unusually high insula-

tion resistance, exceptionally low power factor and long 
life performance at high temperatures. Normal rating 
85° Centigrade. Accurate capacity when required or 
commercial tolerances ±- 2070. Tinned copper leads, 2" 
minimum length are easy to solder. 

When the application calls for stable operation at 
higher temperatures and higher voltages, be sure to 
specify "ILLINI STE-TITE" ITC Capacitors, the 
newest in the famous ILLINOIS line of "Time Tested 
Quality" capacitors. 

Write for catalog and literature 

nu the complete ILLINOIS line. 

ILLINOIS CONDENSER CO. 
1616 N. THROOP ST. CHICAGO 22, ILLINOIS 

RADIO-ELECTRONICS gives en-
gineers a fresh perspective on 
electronics. It's a great thought 
starter for applications off the 
beaten track. If you're not 
familiar with it, buy the current 
issue at your newsstand or parts 
distributor—or write for a free 
sample. If you are familiar with 
it, why not subscribe now and 
save up to $5.05 over the news-
stand price. 

2 YEARS $6.00 1 YEAR $3.50 

DO you hare any bright ideas! 
It will be profitable for 

you to tell our readers 
V 

about them. .irte to 
of 

I. Fenster for a copy  

our author's sude. 

Visit us at Booth 452 at the 

IRE Show. 

Browning Laboratories, Inc., 238, 240 
Instruments Ave. 

New instrument Model 701D medium priced 
wide band oscilloscope. Models 801 & 802 
VSWR Meters, Models 501 & 502 Modulation 
Monitor, and Hi-Fi Tuners. 

Brubaker Mfg. Co., Inc., 640 Circuits 
Ave. 

Photographs and exhibits of three Brubaker 
facilities and products manufactured including 
delay lines, relays, switches, capacitor assem-
blies, filter assemblies, time measuring and 
other test equipment. 

Brush Electronics Company, 869, 871, 
873, 875 Audio Ave. 

Industrial & research instruments; magnetic 
recording components; acoustic products & 
piezoelectric crystals & ceramics. *Portable ac 
& dc amplifiers & multichannel oscillographs. 

Buchanan Electrical Products Corp., 
608 Circuits Ave. 

Live demonstration in latest splicing and ter-
minating wire work plus complete line of elec-
trical fittings. Self-covered, self-joined Sec-
tional Terminal Blocks. 

Buekbee Mears Company 

721 Airborne Ave. 

Pioneers in TV shadow masks, elec-

tronic & instrument part,, fine mesh 

grids & precision miniature parts 

produced by etching & electreforming 

processes. 

IMPORTANT NEWS 

OF INTEREST TO YOU 

BOOTH 681 

Bt.» • STANLEY CO., INC. 
Microwave Transmission Equipment 

Buggie, Inc., H. H., 418, 420 Electronic 
Ave. 

Connectors: Printed Circuit; subminiature 
Coax for printed circuit; miniature waterproof 
and pressurized; compression type glass sealed; 
and tube clamps. 18KV Coax Cable Assemblies. 

Burgess Battery Co., 762 Airborne Ave. 
Complete line of dry batteries for industrial 
applications, power supplies for transistors, 
ignition, flashlights, flashlight batteries, port-
able radios and farm radios. 

BURLINGAME ASSOCIATES 

ELECTRO INSTRUMENTS 

Digital Voltmeters 

LABSCOPE, INC. 

Precision Equal- Amplifier Oscilloscopes 

NEW JERSEY ELECTRONICS CORP. 
Regulated D.C. Power Supplies 

234-236 Instruments Ave. 

(Continued on page 1644) 
RADIO- ELECTRONICS Dept. P. 25 West Broadway New York 7, N.Y. 

• Indicates new product 
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CLEVELITE 

I 

TORKRITE TURING ;•1 
in foreground, enlarged to show 

detail. 

* * * 

TORKRITE 

POSSESSES MANY 

ADVANTAGES 

Torkrite affords unmatched recycling abil-

ity. After a maximum diameter core has 
been recycled in a given form a reason-
able number of times, a minimum diam-

eter core can be inserted and measured 
at I" oz. approximately. 

Torkrite has no hole or perforation 
through the tube wall. This eliminates the 
possibility of cement leakage locking the 
core or cores. 

Tork•ite permits use of lower torque as it 
is completely free of stripping pressure. 

With Torkrite, torque does not increase 

after winding, as the heavier wall acts to 
prevent collapse and core bind. 

Improved new Torkrite is now available 
in various diameter tubes. Lengths from 

3/4" to 3 1/8" are made to fit 8-32, 
10-32, 1/4-28 and 5/16-24 cores. 

* * * 

Visit 

our Exhibit # 519 

at the 

Radio Engineering Show 

in New York City 

March 21-24. 

IMPROVED 

LAMINATED PAPER BASE PHENOLIC TUBING 
In seven specific grades, Clevelite is one of the finest and most com-
plete lines of tubing available to the electronic and electrical industries. 

Grade Application 
Grade E   Improved post-cure fabrication and stapling 
Grade EX   Special grade for TV yoke sleeves 
Grade EE   Improved general purpose 
Grade EEX   Superior electrical and moisture absorption properties 
Grade EEE   Critical electricar and high voltage application 
Grade XAX Special grade for government phenolic specifications 
Grade SLF   Special for very thin wall tubing having less than 

.010 wall 

High performance factors, uniformity and inherent ability to hold to 
close tolerances, make Clevelite outstanding for Coil Forms, Collars, 
Bushings, Spacers and Cores. Competent Research and Engineering 
facilities are always available to aid in solving those tough and stub-
born design and fabrication problems. May we help you? 

Fast, Dependable Delivery at all times. 

WHY PAY MORE? For Good Quality . . . call CLEVELAND! 

•Reg. U. S. Pat. Off. 

ehCLEVELAND CONTAINERe 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 

PLANTS AND SALES OFFICES at Chicago, Detroit. Memphis, Plymouth, Wie- Cgdentburg, N. Y. Jornesburg, N.J. 

ABRASIV,': DIVISION cd Cleveland, Ohio 

ZANADIAN PLANT: The CLeveland Container, Canada, , Presrott, Ontanke 

REPRESENTATIVES 

NEW YORK AREA R. T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, N.J. 
NEW ENGLAND R. S. PETTIGREW I CO., 62 LA SALLE RD., WEST HARTFORD, COMM. 

CHICAGO AREA PLASTIC TURING SALES, 5215 N. RAVENSWOOD AVE.. CHICAGO 

WEST COAST IRV. M. COCIIRANE CO., 408 S. ALVARADO ST, LOS ANGELES 

PROCFrI ,I.VG.S: OF TUE 1955 16,3 \ 



What to See at the 

Radio Engineering Show 

(Continued from paps 162,4) 

BURLINGTON 
INSTRUMENT COMPANY 

two signals 
or more 

one scope 

no switch 
cfii7 

ETC multi-channel oscilloscopes and 

multi-gun tubes display up to 8 inde-

pendent phenomena simultaneously 

on the face of a single cathode 

ray tube . . . without switching. 

Write for complete catalog. 

electronic tube 
CORPORATION 

1200 E. Mermaid Lane • Philadelphia 18, Penna. 
See Us at the IRE Show—Booth 241 Instruments Ave. 

673 Circuits Ave. 

AC and DC electrical indicating in-
struments including hermetically 
sealed ruggedized types. Also genera-
tor voltage regulators. Instruments 
built to your specifications. 

Burnell & Co., Inc., 678 Circuits Ave. 
New adjusteroid, subminiature companion to 
rotoroid, toroidal coils of every description. All 
types of telemetering filters. 

Burroughs Corporation 
Electronic Instrumonts Div. 

337, 339 Computer Ave. 

See unitized pulse control equipment with 
new pulse counter, 'Flip-flop, *Coincidence 
detector and •power supply. See Also 'ultra-
thin tape wound magnetic cores and core 
testing equipment. Industrial computing fa-
cility available on regular basis. 

(Continued on page 166A) 

FOIL 
NAME PLATES 

ADHESIVE-BACKED 

park "thinplates" 
are .003-inch aluminum 

foil ANODIZED, and 

backed by pressure sen-

sitive adhes:ve. These 

plates conform to JAN 

specifications. 

PARK NAMEPLATE CO., INC. 
61-07 32 Ave. 

Woodside 77, N.Y. 
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4—CHANNEL 

As o graphic example of the design idea 
that hers brought new versatility to industrial 
recording, a Carrier Preamplifier (A.ii 
shown above in position to plug into a 
Driver Amplifier in framework with Power 
Supply (B) which are normally already in 
place in the Basic Cabinet Assembly. 
The identical design principles of the 

four-channel system are providad in the 
two-channel, the only difference being the 
number of channels. 

fits your 

oscillographic 

recording need? 

Sanborn ' ' 150" Recording Systems that put to use the original 

design concept of amplifier interchangeability ( illustrated at the 

left) start with either a fins-channel or two-channel standard 

Basic Assembly, to which the user adds 

whatever selection or combination of pre-

amplifiers (A) are needed for his recording 

problem. The standard Basic Assemblies 

comprise a metal Cabinet, Recorder, and 

a built-in Driver Amphfier and Power 

Supply (B) for EACH channel. Presently 

available Preamplifiers are: AC-DC, Car-

rier, DC Coupling, Servo Monitor, Log-

Audio, and Low Level Chopper. 

Advantages common to ALL Sanborn 

Recorders are: inkless recording (by 

heated stylus) on plastic coated strip 

chart paper, and in true rectangular 

coordinates . . . high torque galvanometer 

movement ... time and code markers ... 

numerous paper travel speeds. 

COMPLETE FOUR-CHANNEL SYSTEM 

FOR USE WITH ANALOG COMPUTERS 

This " 150" system consists of a Cabinet 

Assembly, a four-channel Recorder, and two 

dual channel DC Amplifiers. Each amplifier 

is complete with a common power supply. 

Each measures and records two separate 

single-ended signals, at sensitivities between 

one and one hundred volts per centimeter. 

The two-channel 

version of this 

system will 
comprise Cabinet, 

two- channel 

Recorder,and 
one dual channel 

amplifier. 

Ask, also, for a copy of the 

Right Angle — a Sanborn pub-
lication devoted to oscille -

graphic recording in industry. 

2.-CHANNEL 

SINGLE-CHANNEL RECORDER 

A compact, lightweight unit for use when only 
one channel is required — provides permanent, 
inkless recording in true rectangular co-ordinates; 

five paper speeds ( 5, 10, 25, 50, 100 mm/sec.); 

extra stylus for either manual or remote timing 

and coding marks. Designed for simple, patch 

cord connection to any of the several "150" 
preamplifiers (plus driver amplifier and power 

supply), avail-

able soon in 

portable metal 

cases. 

Catalog and technical 

data on all "150" equip-

ment available on re-

quest. 

SANBORN COMPANY 
_25Uu:sio4t 

CAMBRIDGE 39, MASS. 
Be sure to see the 150 Series at Booths 455-452, IRE Convention, Kingsbridge Armory, Bronx, New York, March 21-24, 1955. 
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point-to-point COMMUNICATIONS 

A 
COMPLETE 

LINE 

From telephone carrier to microwave, 

Budeltnan manufactures a complete 
line of equipment, outstanding in 

performance, efficiency, and low cost. 

Typical is the 14BW FM transmitter-
receiver for multi-channel use in the 

890 to 960 mc band. Compact design 
and low operating costs make these 

the ideal units for public safety, 
common carrier, and similar services, 
where reliable, trouble-free operation 

is so important. The 14BW, as well 

as other Budelnian equipment, meets 
all applicable FCC requirements. It 

will meet your requirements, too, in 
design, quality, and performance 

at an economical price. 

Write to Budelman today for full 

information on your best buy in point-
to-point communication equipment. 

BUDELMAN RADIO CORPORATION 
376 FAIRFIELD AVENUE, STAMFORD, CONNECTICUT 

LIRA 

WE ARE SPECIALLY ORGANIZED 
TO HANDLE DIRECT ORDERS OR 
ENQUIRIES FROM OVERSEAS 

SPOT DELIVERIES FOR U.S. 
BILLED IN DOLLARS— 

SETTLEMENT BY YOUR CHECK 
CABLE OR AIRMAIL TODAY 

LOW 
capacitance 
&attenuation 

TYPE weft IMPED.si O.D. 
C 1 7.3 150 .36' 
C11 6.3 173 .36 
C 2 6.3 171 .44' 
C 22 5.5 184 .44' 
C 3 5.4 197 .64r 
C 33 4.8 220 .64' 
C 4 4.6 229 1.03r 
C 44 4.1 252 1.03 

N E,w ‘„ix and SW SUBMINIATURE CONNECTORS 
Constant 50n - 63n--70u impedances 

TRANSRADIO LTD.138A Cromwell Rd. London SW7 ENGLAND CABLES IRANSRAD, LONDON 

What to See at the 

Radio Engineering Show 

(Continued from page 16-14) 

Burton Mfg. Co., 861 Audio Ave. 
Miniature DC motors, precision potentiometers, 
aircraft instruments. 

Bussmann Mfg. Co. 

488 Electronic Ave. 

Small dimension fuses of various types. Fiase• 
trou dual-element (slow blowing) fuses, fast 
acting fuses for instrument protection—and 
fuses of all types for the protection of tele. 
vision, radio, controls, avionics, and auto. 
mobiles. Plue many kinds of fuse blocks, 
to, clips and frise holders. 

CEC Instruments, Inc., 237, 239 Instru-
ments Ave. 

*37-103 Precision Pressure Balance System; 
*1-127 2ok-c Carrier Amplifier, latest in record-
ing oscillographs, 3-132 dc power supply, SADIC 
(analog to digital converter,) pressure and ve-
locity transducers, vibration equipment 23-109 
osci Migrant processor. 

CGS Laboratories, Inc., 666, 668 Circuits 
Ave. 

*Computer accepts Morse code and operates 
standard page teleprinter. *TRAK tuning lock 
automatically re- tunes receiver. *Noise reject-
ing signal gate separates intelligence from in-
tense noise. •LP series INCRIMUCTOR con-
trollable inductors. 

Caldwell-Clements, 642 Circuits Ave. 
See Tele-Tech & Electronic Industries 

Calidyne Co., 462, 464 Electronic Ave. 
Manufacturers of Vibration Test Equipment. 
Featuring *100 pound force Shaker System and 
the Calivolter. a precision voltage standard. 

•111110111111011111 llllllllll 11110111111110011 lllll 1110111111 lllll 111 

Cambridge Thermionir 

Corp. 

502 Components Ave. 

Coils, coil forms, ceramic capacitors, 
terminal boards, terminals, insulated 
terminals, chassis & panel hardware, 
*Shielded coil forms. * Single contact 
connectors. 

Camloc Fastener Corporation, 880 Audio 
Ave. 

Offering a new Electronic Chassis Latch, par-
ticularly suited for engaging and disengaging 
multiple contact plugs. The latch can also be 
used as a carrying handle for the chassis when 
it is removed. 

Campbell Industries, Inc., 725, 727 Air-
borne Ave. 

See Clarostat Mfg. Co., Inc. 

Canadian Radium 
Uranium Corp. 

414 Electronic Ave. 

"DU1PLICAINTee 

Photo-Contact Process 
High Precision Markings on 

Flat and Irregular Shaped Materials 

Luminous Applications to all 
Government Specifications 

(Continued on page 168A) 

*Indicates new product 
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In 1816, Eliphalet Remington was dissatisfied with the 
old inaccurate squirrel gun, which consistently spoiled 
his attempts to win a shooting match. He determined 
to build a gun which would meet the specific needs of 
precision marksmanship. The weapon be produced 
achieved such remarkable results that the ensuing de-
mand for similar models created a great industry. 

...SOUGHT BY MANY 
Seeking to overcome the deficiencies in many of today's standard electronic 

devices, engineers at Airborne Instruments Laboratory created the devices 

shown here. Though developed for use at All, their adaptability for many 

applications has resulted in a wide demand by manufacturers and users of 

's electronic equipment. Thus, production and sales have become important 

areas of operations at Airborne. 

For complete information on these and other advanced devices, now 

in production or available soon, be sure to visit Booths 63 and 65, at the 

IRE Show, Kingsbridge Palace, New York. Literature on request. 

AIRBORNE 
INSTRUMENTS 
ABORATORY 

160 OLD COUNTRY ROAD, MINEOLA, L I N 

PROCEEDINGS OF THE I.R.E. March, 1955 



RS-E VACUUM RELAYS 
for pulse forming networks, antenna transfer 
switching, guided missiles applications 

are small, high voltage relays with a 12 or 24 volt DC actuating 

solenoid located in the base of the unit. Designed for minimum 

space requirements, the relays are 3 inches long and 2 inches 

in diameter. All types have flanges for easy mounting and none 

of them depend on flexible leads to carry current. 

Their vacuum dielectric has over 30 times the dielectric strength 

of air making possible a fast acting 10 KV relay of compact design. 

Current ratings of 10 amperes RMS are obtained by the use of 

tungsten contacts. Series-break contacts include normally open, 

normally closed, and single pole double throw types. 

A transmit- receive relay is also available with SPDT contacts and 

another NO contact which grounds the receiver when the relay 

is in the transmit position. This type R5-F is enclosed in a copper 

housing with three coaxial fttings. The housing shields the switch 

and provides a good ground connection for the receiver. It will 

handle antenna power up to 5 KW at frequencies up to 30 mc. 

when operating into a flat 51.5 ohm line. 

Send for catalog literature describing these and 
larger relays manufactured by Jennings for DC, 60 
cycle, and RF applications up to 85 KV and several 
hundred amperes. 

Visit Our Booth #436 at the I.R.E. Show. 
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Cannon Electric Co. 

516 Components Ave. 

CANNON PLUGS 

The most complete line of multi-contact 

electric connectors: MIL specifications, audio, 

power, sub-miniature, hermetically sealed; 

de solenoids. Many new designs featured. 

Capitol Radio Engineering 
Institute 

692 Circuits Ave. 
CREI residence and/or home study courses 
in Practical Radio Engineering, Broadcast 
Radio Engineering, Television Engineering. 
Aeronautical Radio Engineering, Television, 
FM and Advanced Servicing, Television 
Studio Operations. 

Carboloy Dept., General Electric Co., 
526, 528, 530 Components Ave. 

Permanent magnets—sintered—cast—aluminum 
cast. Thermistors—most thermally sensitive re-
sistor material. 1-leviniet—heavy and dense ma-
terial. Technical engineering data and appli-
cation information on display. 

Carborundum Company, 866, 868 Audio 
Ave. 

See Stupakoff Ceramic & Mfg. Co. 

Cardwell Electronics Production Corp., 
Allen D., 710 Airborne Ave. 

Variable & fixed air capacitors, rigid & flexible 
couplings, printed circuit emc. I.F. strips, 
printed circuitry, photo blanking, °facsimile 
recorders & transmitters. 

Cargo Packers, Inc., 141 Television Ave. 
Special packaging for electronic equipment, 
electron tubes & instruments. 

NEW 6/12 v. DUOVOLT GENEMOTORS I 
NEW CHANGE-A-VOLT DYNAMOTORS 

NEW DC to AC CUSTOM CONVERTERS 
INDUCTOR ALTERNATORS 1 

Booth 409 Electronics Ave. 

2644 N. MAPLEWOOD AVE. CHICAGO 47 

Carter Parts Company, 69 Palace 
Jacks, plugs, potentiometers, switches, plus two 
*new jack designs, three new potentiometers, 
new push button switch, new lever switches, 
new toggle switches. 

Cascade Research Corp., 376 Microwave 
Ave. 

Uniline, the ferrite microwave load isolator, 
and the Gyraline, the fersite microwave ampli-
tude modulator or switch now available in new 
frequency ranges and power levels. 

Century Geophysical Corp., 274, 276 In-

struments Ave. 
Recording oscillographs, galvanometers, carrier 
and Linear- Integrate Amplifiers for recording 
and measurement of vibration, stress, strain, 
pressure, temperature, etc. 

JENNINGS RADIO MANUFACTURING CORP.. 970 McLAUGHLIN AVE. P.O. BOX 1278 • SAN JOSE 8, CALIF. 

168A WHEN WRITING TO ADVERTISERS 

°Indicates new product 

(Continued on page 170A) 
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Mack Trucks, for over 54 years a great name 

in the field of quality manufacture of auto-

motive products, combines its manufacturing, 

production, engineering and metallurgical 

research facilities with the electronic engi-

neering techniques of White Industries, Inc. 

This brings to the electronics field a combina-

tion which provides unmatched production 

and technical resources serving avionics, ma-

rine and industrial markets and the military. 

Complete fire control 
systems 

Missile control systems 

Weapon procurement 
systems 

Radar antennae 

Industrial applications 
of ultrasonics 

Environmental engineering 

Nuclear and electronic 
test equipment 

Metallurgical specialists 

WHITE INDUSTRIES INC. 
421 ,.". E=."- = 1 ET NU,E ,A, YORK 

A Wholly•owned Subsidiary of MACK TRUCKS, Inc 

PROCEEDINGS OF THE )53 169A 



HIGH Reliability 
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2 3 4 5 6 7 
Number of Components 

The feedback of results from a new series of tests has 
enabled North engineers to produce a new high in 
relay reliability. These relays are especially suited for 
a wide range of airborne applications where a high de-
gree of shock and vibration immunity is required, and 
where reliability must exceed the standards set up under 
MIL-R-5757B. 

North's high reliability program subjects 
each relay to these tests. Comparison of 
Curves above shows the ratio by which sys-
tem reliability is reduced in proportion to 
the number of components employed. Tests 
prove that the uniformly tight control of 
the high reliability program developed by 
North* greatly improves the value of this 
ratio as applied to North Relays. 

Conformity with the pattern 
which these tests define is your 
best assurance of reliable system 
performance. 

*Detailed explanation of 
these tests is available ora 
request. 

ACTUAL 
SIZE 

IR US RELAY (with cover removed) 
Hermetically Sealec—Sensitive Type—Temperature 
Range-65° to + 125°C—Zero Bounce or Chatter at 50 Gs 
Shock and 500 Cycle Vibration Tests- 2C (two make 
-break) Contacts — 100,000 Operations at Rated Load 
of 2.0 amps at 30v DC resistive — specifications not 
applicable to your requirements may be deleted. 

See North's Display at the IRE Show Mar. 21 thru Mar. 24 

THE NORTH ELECTRIC 
MANUFACTURING COMPANY 

Originators of ALL RELAY Systems of Automatic Switching 

543 South Market Street, Galion, Ohio, U.S.A. 

What to See at the 

Radio Engineering Show 

(Continued f.-ans page 168A) 

Ceramaseal Company, 630 Circuits Ave. 
High temperature terminals, operating tem-
peratures to 600°C. Terminals consist of high 
alumina ceramic to which are brazed metal 
parts. Have extremely high thermal shock re-
sistance, may be brazed to covers, 100% leak 
tested. 

imiliniffinumumimminimumy 
.-. 
E-- Chatham Electronics 1 
: 174, 476, 478 a 
E Electronic Ave. •-•--.-

ISpecial purpose tubes, hydrogen I 
p_ thyratrons, gas & vacuum rectifiers, E 
E cold cathode discharge tubes, cus- E 
! tom built electronic equipment, E 
E power supplies, modulators. Radiac E 
E devices. z = 
-Z-
7.111111111111111111111111111111111111111111111111111111111i . 11•11111111111111111111111111111111111111111111111111111111:111 

Chester Cable Corp. 

661 Circuits Ave. 

PLASTICORD and PLASTICOTE 

Wires & Cables 

—for every electronic and 

electrical application 

allirliiIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIL-
P_ 

E CHICAGO STANDARD -e-
P - 

TRANSFORMER CORP. 3 
BOOTH ”415 -0 
See the CHICAGO stock line of a 

MILITARY STANDARD E 
400 CYCLE .g= 
TRANSISTOR and E e.— --m 
other transformers .m. a 

f-t for military and 
E industrial applications. g 

É 

111H.1111111111111111111111111M111111111111111111111111111111111111111111111111HIllifill11111111111111111111111111111.0 

Chicago Telephone Supply 
Corp. 

450 Electronic Ave. 

Complete line composition & wire. 
wound variable resistors for military 
and commercial applications. Vari-
able resistors for printed circuit and 
wirewrap applications. Also twist ear 
mounted types. 

Cinch Mfg. Corp. 

391, 396 Broadcast Way 

Tube sockets and @Melds—micro-connectors 
—terminal strips—battery plugs & sockets— 
transistor sockets—strapnats—tube holders— 
metal stampings. 

(Continued on page 172A) 
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AVAILABLE 
SOON! 
NEW 

STANDARD 

SIZES OF 

HUDSON 

PRECISION 

DRAWN 

CLOSURES 

WATCH 

HUDSON 
MESSAGES 

IN COMING 

IS 

Offering designers 
and production 
engineers the 
economy of HUD-
SON standardized 
production of 
cases and covers 

made to precision 
requirements. 
Solve your closure 
problems at lower 
cost with the most 
complete stand-
ard line in the 
industry! 

VISIT 

BOOTH 

472 
ELECTRONIC 
AVENUE 

I. R. E. 

SHOW 

KINGSBR1DGE 
ARMORY 

NEW YORK 
CITY 

March 21st 
to 24th 

.THREE COMPLETE SERVICES:* 

'Fr 
fflB I agerietell---

i ?aim-re-ern  

3 FULLY-EQUIPPED PLANTS 

• • 

Hudson Standard Standard Metal Closures 
Over 1000 economical standard types mean HUDSON can 

supply precision components at commercial prices. A wide 
variety of optional features make it possible to solve 

all but the most unusual closure requirements with / 
standard types selected from HUDSON stocks. 

Hudson Quoi ty Metal Stampings 

Metal parts produced to your exact specifications at prices 
that reflect the economies of mass production methods. 

Hudson can work to close tolerances and maintain 
uniformity throughout production runs. Quotations supplied 

promptly on receipt of drawings. 

Hudson Sheet Metal Facilities 
Depend on HUDSON for expert fabrication of simple or 

compiex sub-assemblies. Facilities include certified walding 
of alloys, silver soldering, brazing and chrome plating. 

Pelmet 

71 m 

The Hudson story 
is contained in one handy 
cotalog. Full descriptions of 
all standard items and com-
plete information on Hudson 
metal working facilities. Call 
or write for your copy, nowl 

Precision Components of HUDSON 
Steel, Aluminum, Copper, ) TOOL tik WE COMPANY • INC 

Brass, Mu Metal ./ 118-122 SOUTH 14th ST., NEWARK 7, N. J. 

PROCEEDINC.S OF THE I.R.E. 1955 1 



240 0 
SERIES 

PUIGS st SOCKEIS 
Improved Soc kek Contacts. Four individual flex-

ing surf aces. Positive contact ove practically their 

Both Plug and Socket Contacts mounted in 
.\........................_ 

recessed pockets greatly increasing leakage 
entire lene. 

distance, INCREASING VOLTAGE RA-TING. 
Plug and Socket Contacts cadmium plated. 

Add to appearance of your equipment. Inter-

changeable with lones 400 Series. 
Ask fot Catalog 20, Complete line Jones Plugs, 

Sockets, Ierminal Strips. 
SFr Nrw Socket , ,..,,,, 

S.24,ge 

I.R.E.VELOPMENTS AT bracket fr.;, ,....,,., ...fling. 

.w. Show • Booth 394-398 

P-2.406 CCT 
Ting—with gable 
einete in top. 

HOWARD B. JONES DIVISION 
CINCH MANUFACTURING CORPORATION 

CHICAGO 24, ILLINOIS 
SUBSIDIARY OF UNITED-CARR FASTENER CORP. 

TRAVELING- WAVE TUBES 

provisions for grid modulation. Impor-

tant tentative specifications include: 
An X-Band amplifier, the Type HA- IBTraveling-Wave Tube oper-

ates over the 7 to I t kilomegacycle 

band with no mechanical or electrical 
adjustments required. A high-gain, low-

powered device suitable for broadband 
microwave applications, it includes 

At the IRE Show, visit us 
and see these tubes at 
Booth 5, Kingsbridge 
Palace. 

small signal gain 

small signal gain 

power output 

magnetic field 

capsule length 

capsule diameter 

net weight 

30 db min (7-1 2 kmc) 

20 db mn (12-14 kmc) 

7.5 dbm min (7-12.4 kmd 

400 gauss 

13.8 inches 

1.0 inch 

1 lb 

HUGGINS LABORATORIES 
MENLO PARK 2 CALIFORNIA 

What to See at the 

Radio Engineering Show 

/7,1) 

Cinema Engineering Division, 548, 550, 
552 Components Ave. 

See Aerovox Corp. 

C. P. Clare & Co. 

131 Eleeteonie tNe. 

The Clare booth will dkplav Relays & 

Switches for A ire rat. Coinputer. and Indus. 

trial application. New item will Ile a ',high 

speed. long life mercury wetted contact re• 

lay made under license from WeSterli Flee. 

trie Company. 

Clarostat Mfg. Co., Inc., 725, 727 Air-
borne Ave. 

"Precision Carbon Deposited Fixed Resistors." 

Cleveland Container Co. 

519 Components Ave. 

CLEVELITE phenolic tubing -vari-
ous grades and fabrications—also 
"Torkrite" the answer to torque and 
stripping problems encountered in 
coil forms requiring the use of iron 
cores. 

Clough Brengle Co., 290 Instruments 
Ave. 

Audio oscillators, beat frequency. RC, and 
audioniatic types; RF signal generators; IF 
sweep generators; capacitance- inductance; re-
sistance bridge; transmission measuring sets. 

Coastal Publications Corp., 616 Circuits 
Ave. 

The "New l„ezoler" in the field of technical 
publications . . . specializing in the prepara-
tion of handbooks for in and government. 
"You can rely on Coastal." 

Signt I Colin Corp. 

571, 670 Transistor Way 

Base metals; Precious metals, Fine 

wire and ribbon, bare drawn, etched, 

electroplated, enamel insulated. 

Coil N1 inding Equipment 
Co. 

305, 102 Production Rd. 

Newest winding development. in: Motor roils. 
Delay lines, Transformers, Resistors: Rank 
patterns. •High Prmluction Equipment. Spe• 
cial Laboratory Winders. Tensions for wires 

#10-#56. Engineering help on special prob-
lems. 

(Continued on page 17M) 

'Indicates new product 
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SERVO 

MOTORS 
from FORD INSTRUMENT for 

EXTREMELY LOW INERTIA AND 

HIGH FREQUENCY RESPONSE 

See in Booth 748 
Airborne Ave. 
at Radio Eng. 

Show 

• STANDARD SERVO MOTORS 
in nominal ratings of 
10w, 5w, 21/2w, 
1 1/2 w and 1/2 w 

• SPECIALS to 
customer requirements. 

Ford Instrument's high precision 
servos are available in high and low 
voltage models, in 60cy and 400cy 
designs, for a multitude of ap-
plications. With Ford's smooth iron, 
low-inertia rotors, they offer these 
advantages: 

• Linear torque-voltage characteristics 

• Linear torque-speed characteristics 

• Withstand continuous stalling 

• High torque efficiency 

FREE—Fully illustrated 
data bulletin gives 
specifications and per-
formance information. 

Address Dept. IRE. 

48 

(R4i FORD INSTRUMENT 
COMF ANY 

Div:sion of The Sperry Corporation 

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

Ford Instrument's standard components 

Rote 
Generoten 

Teets.% 
Resolved 

Serra 
Motors 

Telesyn 
Eynchros 

During the past five years, 
the radio-electronic industry's 
spectacular growth has been paced 

by the increase of advertising pages 
in the annual IRE DIRECTORY. 

In the 1949 edition, 158 
advertisers took 133 pages. In the 

1954 IRE DIRECTORY, the 
number of advertisers mushroomed 

to 501 and advertising pages numbered 
358— an increase of 168% 

over the '49 edition. 

The IRE DIRECTORY sells 
year 'round by serving over 35,000 

IRE members who daily are developing 
and perfecting remarkable new 

devices. To sell ahead, put your 
product story before radio-electronic 

engineers who are planning ahead 
... in the 1955 IRE DIRECTORY. 

Engineers are educated 
to specify and buy. 

Publkhed by 

Te Institute of Radio Engineers 
Adv. Dept., 1475 Broadway, 

New York 36, N. Y. BRyant 9-7550 

Compact . . Rugged 

Lightweight . . . 

ACTUAL SIZE 

6 PDT Arrangement 

ALL these features are achieved by the 
use of an extremely efficient rotary motor, 
precision built, with • hydrogen annealed 

parts. 

COMPACT — One inch diameter, with 
1-5/16" long enclosure 

RUGGED — Withstands operational shock 
of 50 G's and operational vibration of 
5-500 C.P.S. at ID G's. Altitude to 70,010 
feet. Ambient temperature range of — 65 °C 
to + 125 C. 

LIGHTWEIGHT — Only 3.3 ounces (includ-
ing socket and hardware). 

Tests al production relays. under USAF 
supervision, have proven that this relay 
meets or exceeds the requirements of 
MIL-R- 5757B. 

Contacts are rated at 3 amperes at 26.5 
V.D.C. or 115 V.A.C., 60 to 400 CPS. 

Coil resistance values range from 6 ohms 
to 14,000 ohms. 

Other standard contact arrangements are 
2 PDT, 3 PDT and 4 PDT. All are available 
with solder-type terminals. 

See us at the Booth 840, 

Radio Engineering Show, 

Kingsbridge Armory, March 21-24. 

Fill in tchrpon for catalog. 

FILTORS, Inc. 

30 Sa9arnore Hill Drive 
Port Washington, L.I., N.Y. 

Please send data sheets on your subminiature 
relays 

NAME   

TITLE   

COMPANY   

CITY   STATE   
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OVER 12 YEARS 
EXPERIENCE 

in Specialization 
and Standardization 

Ask "OLYMPIC" to apply its Accu-
mulated Knowledge, Skills and Tech-
niques to YOUR Design Problems. 

Use OLYMPICS "complete coordina-
tion" from deegn to delivery. It's to 
your advantage %ow to consolidate 
your speculations or your specifications 
with OLYMPIC. 

• ENGINEERING and DESIGNING 
. . . of housings and hardware. 

• PRODUCTION . . . with prompt, 
scheduled deliveries. 

• FINISHING . . . centrifugal hot-tin 
dipping, cadmium plating, and black 
oxide finish. 

• SAMPLE SHOP FACILITIES . . . 
in addition to production facilities. 

• TOOL and DIE SHOP . . . fully 
equipped. 

***OLYMPIC Plans Today for 
Your Products of Tomor-
rO *** UI 

METAL PRODUCTS COMPANY, INC. 

ALPHA, NEW JERSEY 

What to See at the 

Radio Engineering Show 

(Continued from page 172A) 

See Collins 

Aviation 

Broadcasting 

Communications 

and Amateur Equipment 

496-694 Broadcast Way 

COLOR TELEVISION 

INCORPORATED 

Specialized Test Equipment. VSWR Meas-

uring Systems. The Supertester—an auto-

matic quality-control instrument. Log- Linear 
Amplifiers. 

137 Television Ave. 

Colortone Electronics, Inc., Div. Inter-
national Television Corp., 623 Circuits 
Ave. 

Model TS 175A/U Frequency Meter, a fre-
quency setting and determining instrument 
for general purpose use, 85 to 1000 mc. Also new 
test instruments. 

Comar Electric Co. 
314 Computer Ave. 

A complete line of miniature, light, 

medium and heal.) duty relays for 
commercial & military requirements. 

Solenoids, coils, switches, transform-
ers, hermetic sealing. 

cef.32. 
BOOTH 465 
ELECTRONIC AVENUE 

. Ele.trical Wave Filters 
• fit Cycle Power Transformers 
• Toroidal Inductors 
. Magnetic Amplifiers 
• Puhe and Transistor 
Transformers 
• Saturable Reactors 
• Delay Lines 

COMMUNICATION ACCESSORIES 
COMPANY 

HICKMAN MILLS, MISSOURI 

Compagnie Générale de 
Métrologie 

321 Computer Ave. 

Complete series of precision elec-
tronic measuring instruments: over-
load protected multimeters. TV and 
standard signal generators, tube ana-
lyzers, impedance bridges. 

(Continued on page 17(,A) 

MULTIMETER Type 430 "INTERNATIONAL" 

CANNOT BE DAMAGED 

BY ANY KIND OF 

OVERLOAD 

An automatic overload cutout 

immediately isolates all com-

ponent parts if an overload is 
applied. Push button reset. 

Rugged 50 µA 
meter movement largely dimen-
sioned. New inclined moulded case, 
long easy reading scale. Single 
range switch. 

Sensitivity: 20,000 Ohms per volt 
A.C. and D.C. 29 ranges. A.C. and 
D.C. volts: 3 - 10 - 30 - 100 - 300 - 
I 000 - 5000. D.C. current: 50 µA - 
I - 10 - 100 mA - I - 10 Amp. Re-
sistances: 0 to 20 Megohms. Output 
meter: 3 - 10 - 30 - 100 - 300 - 1000 
volts. Accuracy: D.C. 1.5°/_: A.C. 
2.5%. Dimensions: 81/4 x 51/4  o 
ins. Weight: 3 lbs. 8 ozs. 

NIE 
I.R.E. SHOW: Booth 321 

RI 

MANUFACTURERS OF: 

A.F.-H.F.-V.H.F. Signal 

Generators Multimeters 

Impedance Bridges 

T.V.-Sweep Generators 

COMPAGNIE GÉNÉRALE DE 
MÉTROLOGIE 

Chemin de la Croix-Rouge 

ANNECY FRANCE 

U.S. REPRESENTATIVE: M. E. GERRY & CO., INC. 230 Bayard Road 

UPPER DARBY, PA. 

PHILADELPHIA: GRanite 6-2540 
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The father of our ante is the Sun, 
whose day we divide, whose heat 
gibes life. To the Oriental, time is as 
a silent pool, and man comes and goes 
as do the ripples on its surface— 
enduring within the great continuum 
of creation. To the Westerner, time is 
an arrow, swift in flight — sure in 
destination, passing, ever passing on. 

enduring accuracy 

Flights come and flights go. The sun boils and pools freeze. Time cornes and 

time goes, but the accuracy of Kollsman products endures. 

You can depend upon Kollsman . . . in these seven fields: 

AIRCRAFT INSTRUMENTS 

PRECISION CONTROLS 

PRECISION COMPUTERS AND COMPONENTS 

OPTICAL COMPONENTS AND SYSTEMS 

RADIO COMMUNICATIONS AND NAVIGATION EQUIPMENT 

MOTORS AND SYNCHROS 

INSTRUMENTS FOR SIMULATED FLIGHT TRAINIERS 

Our manufacturing and research facilities . . . our skills and talents, are 
available to those seeking solutions to instrumentation and control problems. 

kollsman INSTRUMENT CORPORATION 

8046 45th AVE., ELMHURST, NEW YORK • GLENDALE, CALIFORNIA • SUBSIDIARY OF eanda4d COIL PRODUCTS CO. INC. 
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SERIES BC-200-E 
(Extended Terminal Board) 

precisiun 
instruments 

by Bedill 

BC-200 
(Typical Cross-Section) 

Linear and non-linear function 

Ball Bearing Potentiometers 
• External phasing 
• Starting torque: 0.5 oz. in. max. 
• Backlash: 0.05° max. 
• Logarithmic, sine-cosine and other functions 
• Multiple, adjustable taps 
• Unitized design for universal coupling 
• Precision machined aluminum housing 
• Servo or single hole mounting 

Our engineering department can supply 
prototypes quickly to meet unusual design 
specifications for tests and approval. Write for 
complete technical literature. No obligation. 

Electronic Sales Division 
DeJUR-Amsco Corporation 

45-01 Northern Blvd., Long Island City 1, N. Y. 

• Fully enclosed precision ganging types 

• Standard and power types 

• High resolution precision types 

-You're always sure with DeRTkpotentiometers" 

What to See at the 

Radio Engineering Show 
(Continued front page 174,1) 

Computer Control 

Company, Inc. 

1 Palace 

3C-PACS and 3C-BLOC. *new I-megacycle 
universal logical packages for performing any 
3-variable digital operation. Display of cam-
puting equipment and services for advanced 
digital system design, programming, and op-
eration. 

Condenser Products Co. 

423 Electronic Ave. 

Manufacturers of glassmike capaci-
tors, plasticon capacitors, 60 and 400 
cycle high voltage power supplies, 
pulse forming networks, and intro-
ducing *a new molded nylar capaci-
tor. • 

Consolidated Vacuum Corp., 233, 235 In-
struments Ave. 

High speed rotary sealing and exhaust ma-
chine, valveless TV aluminizer, thermocouple 
gauge with printed circuit, KS-200 diffusion 
pump, and other high vacuum equipment. 

Yeeeklkii4it&((fe 
LODI, NEW JERSEY 

503, 505 Components Ave. 
Vacuum-tight, Glass- Metal Seals 

HIGH COMPRESSION AND KOVAR 
For Transistor, Relay, Transformer, Crystal, and 
Electronic Manufacturers. Composite Headers 
and Special Designs. 

Inquire about new compression Kit #3 

Continental Carbon, Inc. 

456 Electronic Ave. 

Nobleloy Metal Film High Stability 
Resistors Both Radial and Axial 
Lead Construction, Wire Wound Low 
Power Resistors, New Carbon Film 

Resistors in three wattage ratings. 

Continental-Diamond Fibre Co., 665, 667 
Circuits Ave. 

Diamond Vulcanized Fibre & Vulcoid, Dilecto 
laminated plastics. Celaron molded products. 
Spiral tubing. Micabond, Teflon & Silicone 
tapes. Copper-clad laminate & fabricated parta 
from all materials. 

Cunlinentat Long Island 1, 

trynbrueettyw I New York 

BOOTH 200 Production Road 

World's Most complete line of ' miniature 

precision connectors and terminal boards 

Distributed and displayed at the IRE Show 

by DeJUR-Amsco Corporation. 

(Continued on page 178A) 
See us at Booth 200, Production Rood, Radio Engineering Show 
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/re 48 di 
The rockets and guided missiles which carry 

man's quest for knowledge into space ... and protect America against enemy air 
attack, rely on AMP capacitors, dielectrics and pulse forming networks to withstand 

the environmental conditions imposed by modern flight. The use of Ampli-film, 

AMP's synthetic dielectric material, provides the workhorse reliability in small size 

which is required by the weapons of the Rocket Age. 

Because AMP's integrated plant in Elizabethtown manufactures its own dielec-

tric and controls all the processes through to the finished product, you are assured of 
consistently high quality products to meet your most exacting requirements. 

at the IRE Show... Booths 770 and 772 

Atteltet exame of AMP Ceatiiie -4optaatit to, eette, etikg 

AIRCRAFT-MARINE PRODUCTS INC., Chemicals and Dielectrics Division 

155 Park Street • Elizabethtown, Pennsylvania • Phone 7-1105 
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Manufacturers of Specialty Rotating Equipment 

FANS • MOTORS • BLOWERS 

Al5BD-8-115 Volt 60 cycle 
Double Blower. 46 CFM at 
.28" static pressure. 

E Frame—Totally enclosed in-
duction motor. 400 cycle 2, 
4, 6 or 8 poles. 60 cycle 2 or 
4 poles. 2-5/16" dia. H.P. up 
to 1/25 ( up to 1/10 H.P. for 
axial vane blower applica• 
lion.) 

or-
B20B-7 — 115 Volt 60 cycle. 
50 CFM at 1.5" static pres-
sure. Metal housing, I. type 
bracket. Also available in 
400 cycle. 

631 x 35-115 Volt, 60 cycle 
or 220 Volt, 60 cycle, 1 or 3 
phase. 3450 RPM continuous 
duty. 250 CFM at 21/2 " water 
gouge. Used in microwave 
generators, unattended re-
peater stations. Fits in space 
13 1/2" long. 83/." wide, 71/4 " 
high. 

Variable frequency blower for 
operation on 115 Volt single 
phase. Available with axial 
fan or centrifugal blower. 
Al 5BF-15-50 to 800 cycles— 
single winding available with 
axial fan or centrifugal 
blower. 
Al5AB-2 — 50-60 cycle and 
400 cycle operation single 
winding. 
Al5CF10 — 50-60 and 320-
1000 cycle operation dual 
winding. 

Al5AD3—Axial blower unit 
for operation on 115 Volt 
60 cycle single phase supply 
at 3300 RPM delivering 35 
CFM at 0.2 S.P. This unit has 
special mounting bracket. 

Synchronous Motors— Hystere-
sis or Reluctance type. 60 or 
400 cycle. Available single 
or dual speeds. 

631 x 1-115 Volt, 60 cycle, 
3450 RPM 100 CFM @ 21/2" 
water gouge. Fits in space 
91/2 " long, 83/4" wide, 734" 
high. 

The features of all AIR 

MARINE motors include 

Stainless steel thru-bolts, 

Rigid die-cast aluminum 

housings, and Riveted 

stator to insure Extra-

Rigid Construction. 

Positive bearing align-

ment and uniform air gap. 

Motors are protected 

against humidity and 

fungus growth — can be 

mounted in any position— 

are equipped with ball 

bearings using lubricants 

for high and low tempera-

tures—meet all AN speci-

fications. 

The motors and blowers 

on this page are 

representative of the 

many varied models available. 

Detailed information 

specifications and 

performance data on 
all units 

available on request. 

Showing comparison between 
our large and small blowers 

Booth 717 

Send for our new 
Catalog AM-60 

Constantly developing 

to meet your exacting needs . . . 

• 

lair- marline motors 

369 Bayview Avenue 

Amityville, L. I., N. Y. 
AMityville 4-6122 

West Coast Factory 
2055 Pontius Avenue 
Los Angeles 25, Calif. 

What to See at the 

Radio Engineering Show 

(Contimied from page 176A) 

CORNELL-DUBILIER 
ELECTRIC. CORPORATION 

294-296:7 
BROADCAST 

WAY 

5CUTH 
LAINFIRD, 
NEW JERSEY 

CAPACITORS • VIBRATORS • CONVERTERS 

ANTENNAS • ROTORS 

Corning Glass Works, 397, 494, 495 
Broadcast Way 

22 inch rectangular color telev.sion bulb ' met-
allized glass components for hundreds of elec-
tronic applications; fused silica delay lines; 
capacitors; resistors; inductances; photosensi-
tive glasses. 

Cox & Co., Inc., 819 Audio Ave. 
Heaters: THERMOWIRE• THEMOPATC1-1*. 
Over 400 different approved military applica-
tions: aerial cameras, instruments, batteries, 
hydraulic equipment, T/R Tubes, crystal ovens, 
etc. Mare than 75,000 in use. 

Craig Machine, Inc., 610 Circuits Ave. 
Exhibiting various types of a'uminum transit 
cases and reusable containets for shipping, 
carrying, and protecting delicate instruments 
and equipment. Also illustrative material on 
transportation and mobile shelters, vans, trail-
ers, etc., for electronic equipment. 

Cramer Company, Inc., R. W., 587, 589 
Components Ave. 

Precision electrical timing devices & synchron-
ous timing motors—interval, cycling, pulse, 
percentage, program and reset timers; time de-
lay relays, hermetically sealed timers, appli-
ance timers. 

Crest Labs., 634 Circuits Ave. 
See Microtran Co. 

Crosby Laboratories, Inc. 

481 Electronic Ave. 

*Single side-band with displays of 
transmitter, receivers, signal genera-
tors & receiving adapters for ham 
use. * Also featuring a wideband 
identical amplifier oscilloscope. 

E 

U11111111111.1111111111111111111111111111111111111111111111MCIIIIMIIII11111.111111111111111111111111111111111111111I14, 

Crowley & Co., Inc., Henry L., 548, 550, 
552 Components Ave. 

See Aerovox Corp 

Crucible Steel Company 
of America, 

Henry W. Oliver Building 
Pittsburgh, l'a. 

105, 107 Televisiion Ave. 

Crucible Permanent Alnico Magnets 
Highest gap flux per unit of weight 

• Indicates new product 

(Continued on page 180A) 
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t v. ISIT US AC THE SHO4V1 
A rm welcori)e awaits you at 

BOOTF S 691, 693 CIRCUITS AVENUE 
I.R.E. SHOW 

Kingsbridge Armory 
New Yet k City 

March 2i1-24, 1955 

Use this handy 

de endable 

for e ee onics 

guide to 

EVANOHM" (NICKEL CHROME) — For high specific resistance 
(800 ohms c.m.f.) — Vow temperature coefficient and low thermal 
e.m.f. vs. copper. 

TOPHET A' (NICKEL CHROME) — For resistors, potentiometers 
and high ten-perature applications. 

TOPHET C' (NICKEL CHROME IRON) — Offers great strength 
in fine sizes. For rheostats and resisto7s. 

RODAR' ( NICKEL, COBALT, IRON) — An alloy for hard glass 
to metal seals. 

CUPRON' (COPPER NICKEL) — Non-nagnetic with low tem-
perature coefficient. For rheostats and resistors. 

BALCO" (NICKEL IRON) — Offers high temperature coefficient 
of resistance Applications include sensing bulbs and ballasts. 

FILAMENT WIRE — MODIFIED HILO' , CO8ANIC, SYLVAWY^ 

GRID WIRE — MANGRID , SILVER PLATED MANGRID 

CARBONIZED NICKEL — RADIOCARB A , POLICARB , DUOCARB > 

All wires available with insulations of Enamel, 
Cotton, Silk, Nylon and Glass. Call or write for en-
gineering assistanc — the Wilbur B. Driver engi-
neering staff welcomes an opportunity to work with 
you on special alloys for electronic applications. 

WILBUR B. DRIVER CO. 
150 RIVERSIDE AVENUE, NEWARK 4, NEW JERSEY 
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How are you fixed 
for CABINETS? 

Are your sheet metal housings of this quality—Are they 
being delivered according to schedule—and competi-
tively priced? 

We're producing many electronic cabinets . . . some 
much smaller, a few larger but all are quality through 
and through! 

Whether yours is an individualized "custom job" or a 
long production run, R & T's complete, modern facilities 
and vast cumulation of equipment anti skill can save you 
money. Investigate, today! 

• Aluminum Spot Welding • 

MANUFACTURERS 

Speciol Steel Equipment 

Metol Coses — Cabinets 

CONTRACTORS 

Sheet Metol 
Building Product! 

VENTILATION, 

AIR CONDITIONING 

Heliarc Aluminum Welding 

REPRESENTED BY 

Frank W. Taylor Co. 
P.O. Box 316 
DeWitt, N.Y. 

William E. McFadden 
150 Broad St. 

Columbus 15, Ohio 

Paul R. Sturgeon 
25 Huntington Ave. 
Boston 16, Mass. 

Samuel K. Macdonald, Inc. 
1531 Spruce St. 

Philadelphia 2, Pa. 

Ralph T. Sullivan 
1551 North Austin Blvd., Chicago 51, 

THE 
RIESTER & THESMACHER 

COMPANY 
1526 W. 25TH ST. CHERRY 1. 0154 

CLEVELAND, OHIO 

• 

What to See at the 

Radio Engineering Show 

(Continued from page 178A) 

Cubic Corp. 

8 Palace 

New microwave peak power test set. 
New automatic VSWR indicator. 
New Calorimetric wattmeter, new 
microwave Components, also klystron 
power supplies, standing wave am-
plifiers, phasemeter. 

Cunningham, Son & Co., Inc., James, 313 
Computer Ave. 

High frequency Crossbar Switches featuring 
high speed, compact design. Especially low 
crosstalk level and low capacitance. Type P 
Switch especially designed for TV and Radar 
switching. 

CURTIS 
Terminal Blocks 

Better Connections 
Economically—Quickly 
A type for every purpose 

644 Circuits Ave. 

Doge Electric Company, Inc. 

719 Airborne Ave. 

New Dage DM series coaxial cable 
connectors featuring 1/2 size of BNC 
and many other new and unusual 
connector types. Engineering consul-
tation available at booth. 

Dale Products, Inc., 769, 771 Airborne 

Ave. 
•Pressurized Potentiometers. *Precision collet 
type instrumentation knobs. *Cork screw an-
chors for TV antenna masts & ham antennas. 
Plus features of Dalohm resistors in types for 
all precision applications. 

Danbury-Knudsen, Inc., 703 800 Produc-

tion Rd. 
RF Components—Connectors 

The Doyen Co. 

543, 545 Components Ave. 

Encapsulated precision wire wound resistors; 
audio, video, and rf attenuators; solenoid-
operated rotary switches; transmission measut-
ing sets for microwave relays systems; her-
metically sealed metal film resistors, single-
turn linear and non-linear potentiometers. 

*Indicates new product 

(Continued on page 182A) 
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DISCAP 

CERAMIC 

CAPACITORS 

RMC "Wedg-Loc" DISCAPS are designed specifically 
to cut assembly time on all types of electronic equipment 
using printed circuits. 

The exclusive wedge design of the leads on these new type DISCAPS 
locks them firmly in place on printed circuits ... eliminates their 
falling out during production line operations . . . insures a uniform 
connection with a minimum amount of solder. 

Available in capacities between 2 MMF and 20,000 MMF in 
temperature compensating, by-pass and stable capacity types, "Wedg-Loc" 
DISCAPS will provide worthwhile economies on printed circuit 
assembly. Suggested hole size for "Wedg-Loc" DISCAPS is a .062 square hole. 

BOOTH 518, Components Ave., I.R.E. Show 

RADIO MATERIALS CORPORATION 
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, III. 

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 

PROCEEDINGS OF THE I.R.E. March, 1955 
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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 54 ounce; Slip-On Model only 3/5 
ounce. Will not harm tube's neck. 

ALNICO P.M. USED—Retains magnetism 
indefinitely. 

ileppeer has et over 15,00, 
be 000 traps to date 

MODEL T-312. The new simplified steel 
construction lowers manufacturing costa 
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 stes pet 

•• • 

nef e l jot s 
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Q 
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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. 

HEPPNER 
MANUFACTURING COMPANY 

Round Lake, Illinois (50 Miles Northwest of Chicago) 

Phone:I-21M 

SPECIALISTS IN ELECTRO-MAGNETIC DEVICES 

Representatives: William t. Duncan. Jr. 
3451 N. 10th St.. Philadelphia 40, 

Penna. 
Ralph Ifaffey 
R.R. 1, U. S. 27, Coldwater Rd.. Ft. 

Wayne 8, Indl...na 
In, M. Cochrane Co. 
408 S. Alvarado St.. Los Angeles, 

Calif. 
John J. Kopple 
80 E. 42nd St.. New York 17, N.Y. 
Ben N. Toll  
144 CollIngswort5 Drive, Rochester 10, 

N.Y. 

What to See at the 

Radio Engineering Show 

(Continued from page 180A) 

Davies Laboratories, Inc., 222 Instru-
ments Ave. 

•Miniature Airborne Magnetic Tape Data 
Recorder. 'Automatic Wave Analyzer. Labora-
tory and Portable Magnetic Tape Data Record-
ing & Playback Equipment. "Multi-Track 
Record/Reproduce Heads for Tape Recording. 

Davis Publishing Co., Inc., Bryan, 892 
Audio Ave. 

Annual IRE Radio Engineering Show number 
of SERVICE Magazine, highlighting industry 
trends, and featuring Service Engineering re-
ports. 

Featuring instrumentation and 
research, development and 
manufacturing services 

Also plays 
from slater corn. 
ponies: American Gyro. 

dise IIA\f i l l 

Santa Monica. Calif.; Heath 
Company, Benton Harbor. 
Mich. and Daystrom Electric. 
Poughkeepsie, N. Y. 
BOOTHS 672 and 674 CIRCUITS AVE. 

Decade Instrument Cu. 

207 Instruments Ave. 

Booth will show operation Decaviders, 

Decalatore, Deca-Sweepa, and two new instru• 
mento—the •Sweepalator, a 10 kc to 15 mc 

sweep signal generator and the niecalator 100. 
a crystal controlled signal generator from 
10 kc to 15 mc. 

DedUR-AMSCO CORPORA-11On 
LONG ISLAND CITY 1, NEW YORK 

BOOTH 200 
Production Road 

Featuring a complete line of precision 

potentiometers, rheostats, watertight and 

"Ruggedized - panel iistruments, and Con 

tinental connectors ano terminal boards. 

D -B 
Precision 

Microwave 

Equipment 

2.6 KING-90.0 KIVIC 

Spotlight on 

the NEW 

MORNAY 
6 6 9 

ULTRA-

MICROWAVE 

equipment 

BONARDI 
CIRCUITS AVE. 

Indicates new product 

(Continued on ptu» 184A) 

it Show Hours: Monday 10 AM-10 PM 

Tuesday 10 AM-10 PM 

Wednesday 10 AM- 5 PM 

Thursday 10 AM- 10 PM 
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_ 
Som_ethirig in. Corn_rn_on. 

No single tool... 

not even 

a hairpin... 

works best 

for all applications. 

This is 

true of 

diodes, too. 

The Hughes line of semiconductor devices is multiplying 
swiftly. It comprises several different categories and num-
bers more than two hundred separate RETMA, JAN, and 
special diode types. This means that you can now spell 
out requirements for a diode in terms of your particular 
circuit application. And it means that one or more types 
in the extensive Hughes line will most probably match 
those requirements with just the right characteristics. 

Greater selectivity is one of the results of the vigorous 
and continuing Hughes program of research and devel-

.A.t the IRE Show 
We will be displaying samples of oar famous 

GERMANIUM POINT—CONTACT DIODES, as well as the new GOLD 
JUNCTION and SILICON JUNCTION series. You will want to 

inspect the operating demonstration of light beam voice transmission 
system, with circuitry featuring our latest types of rm.' fumd 

junction transistors and photocells. So come in to Booths 753-5-7 
and pay us a visit. You will be most cordially welcome. 

opment—a program aimed directly at satisfying antici-
pated industrial and military requirements. At the same 
time, your assurance of better quality and thorough de-
pendability in all Hughes semiconductors is maintained. 
So, when you need diodes with High Temperature . . . 
High Forward Conductance ... Computer Type... 
High Back Resistance ... jAN-Approved. . General 
Purpose, or other special characteristics, be sure to ask 
about Hughes Diodes. The chances are that you will 
fmd just the one you want. 

I-1-ugb_es 

Aircraft Company, Culver City, Calif 

-r 

SEMICONDUCTOR SALES DEPARTMENT I 

New York Syracuse 

Philadelphia Chicago 

ALL SUBMINIATURE DIODES MADE BY HUGHES ARE FUSION-SEALED IN A 
ONE-PIECE MOISTURE-PROOF GLASS BODY. ACTUAL DIMENSIONS, DIODE 
GLASS BODY: 0.265- INCH LONG, BY 0.105- INCH DIAMETER, MAXIMUM. 
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Stupakoff 
Kovar HARD GLASS Seals 

No "Leakers" in 52 million! 

Over 52 million of the seals illustrated above are in 
use; and not a single "leaker" has been discovered! 

In their manufacture, Kovar metal and hard 
borosilicate glass (Pyrex) are permanently bonded 
together, forming a fused-oxide seal that is vacuum-
and pressure-tight, and corrosion-proof at the 
interfaces. 

Borosilicate glass, matching perfectly the thermal 
expansion of Kovar, gives to Stupakoff seals thermal 
endurance, weather resistance, and high electrical 
insulating properties over the full temperature range 
of the glass. 

Stupakoff 

Complete data of hundreds of 

sizes, styles and ratings of 

standard Stupakoff Kovar 

HARD GLASS hermetic seals 

is given in this catalog. Send 

for a free copy of Bulletin 

453A. 

CERAMIC & MANUFACTURING COMPANY • LATROBE, PA. 

Divisiom i,ad. CARBORUNDUM Wom/taety 
We will be glad to see you at the Radio Engineering 
Show, Kingsbridge Armory, New York, booths 866 and 868. 

What to See at the 

Radio Engineering Show 

(Continued fro?: page I82A) 

BOOTH 39 
KINGSBRIDGE PALACE 

SEE THE NEW DS-6100-T FREQUENCY COUNTER 

Electronic Counters • RPM ndicators 
Time Interval Meters • Frequency Counters 

Decimal Decade Totalizers • Predetermined Counters 

Computer-Meaturrinews Div. 

THE CORPORATION 
5528 Vineland 
icillywood, 

Deutschmann Corporation, Tobe, 574 
Components Ave. 

Fixed capacitors and Interference Filters. 

177-179 
TELE VISION AVE 

Sub - Miniature ineicator Lights, 
grounded and insulated. Edge-Lighting 
Assemblies ... Pilot Eight Assemblies for 
neon and incandescent tamp, . . NEW 
OIL-TIGHT, RUGGED INDUSTRIAL 
STYLES and many other innovations. 

Foremost Manutscturee of Pilot Liàhts 

DIALIGHT 
CORPORATION 

Diamond Manufacturing 
Corp. 

485, 487 Electronics Ave. 

Diamond production samples of pop-

ular R.F. Connectors and Microwave 

Components. Sales Engineers on 

hand to discuss your problems. 

Diamond Microwave Corp., 485, 487 
Electronics Ave. 

See: Diamond Mfg. Corp. 

Diehl Mfg. Co., 3 Palace 
Two-phase ac low inertia servo motors (1 to 750 
watts output, 60 & 400 cycles). al & 5 watt in-
strument servo motors with gear trains, in-
tegral tachometers. 

Doelcam Division, Minneapolis-Honey-
well Regulator Co., 366 Microwave 

Ave. 
Military components: Synchros, servo motors, 
microsyns, gyroscopes, magnetic servo ampli-
fiers, flight test equipment. Precision labora-
tory aid industrial instruments: featuring 
Doelcam's second harmonic magnetic con-
verter. 

Donner Scientific Company, 733 Air-

borne Ave. 
"Poor Man's" Analog Computer and acces-
sories, *"Super" Oscillator, L. F. Oscillator, 
*Harmonic Wave Analyzer, *Comparator 
Bridge, *Video Probe Amplifier, *WOW Meter, 
*sensitive Servo Accelerometers. 

* Indicates new product 

(Continued on tape 186A) 

Busses every eigli minutes 

Kmgsbridge to Waldorf Astoria 

FREE 
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KEEPS ' EM ROLLING! 

der 

KESTER "44" Resin, 
elastic Rosin and 

"Resin- Five" Flux-

Core Solders keep 
the production lines 

,f moving by providing 
the exactly right sol-

for every appaicatiOn. Only virgin metals are 

used in Kester .... further assurance of the constant 
solder alloy control combined with consistent flux 
formulae . . tall part of Kester Flux-Core Solder 
quality that'll "keep 'em rolling" for you! 

• • • 

I3E SURE YOU GET KESTER'S new 78.-page informative 
textbook "SOLDER . . . Its Fundamentals and Usage.» 

KESITER $OL ER 
COMPANY 4219 Wrightwood Avenue, Chicago 39, Illinois; Newark 5, N. J.; Brantford, Canada 
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\ for service and lab. work 

(e.ag,t(eet 
PRINTED CIRCUIT 

OSCILLOSCOPE KIT 
FOR COLOR TV! 

re% Check the outstanding engineering design of 
V.../ this modern printed circuit Scope. Designed 
for color TV work, ideal for critical Laboratory ap-
plications. Frequency response essentially flat from 
5 cycles to 5 Mc down only 11/2 db at 3.58 Mc ( TV 
color burst sync frequency). Down only 5 db at 5 
Mc. New sweep generator 20-500,000 cycles, 5 
times the range usually offered. Will sync wave form 
display up to 5 Mc and better. Printed circuit board, 
stabilize performance specifications and cut assembly 
time in half. Formerly available only in costly Lab 
type Scope. Features horizontal trace expansion for 
observation of pulse detail — retrace blanking am-
plifier — voltage regulated power supply — 3 step 
frequency compensated vertical input — low ca-
pacity nylon bushings on panel terminals — plus a 
host of other fine features. Combines peak perform-
ance and fine engineering features with low kit cost! 

eeatledet T V 
SWEEP GENERATOR KIT 

ELECTRONIC SWEEP SYSTEM 

(7,-, A new Heathkit sweep generator covering all 
\„,e,./ frequencies encountered in TV service work 
(color or monochrome). FM frequencies too! 4 Mc 
—220 Mc on fundamentals, harmonics up to 880 
Mc. Smoothly controllable all-electronic sweep sys-
tem. Nothing mechanical to vibrate or wear out. 
Crystal controlled 4.5 Mc fixed marker and separate 
variable marker 19-60 Mc on fundamentals and 57-
180 Mc on calibrated harmonics. Plug-in crystal in-
cluded. Blanking and phasing controls — automatic 
constant amplitude output circuit — efficient atten-
nation — maximum RF output well over . 1 volt — 
vastly improved linearity. Easily your best buy in 
sweep generators. 

1440 pgs. 
Fully catalogs 
Radio-TV-
Electronic 
parts & 
equipment: 
Tubes, 
Trans-
millers, 
Test Equip-
ment, Comm. 
Receivers, 
Transformers, 
Capacitors, 
Antennas, 
Resistors, 
Coils & Relays, 
Recording & 
PA Systems, 
Hardware, 
Tools, etc., etc. 
OFFICIAI. BUYING 
LUIDE OF THE 
INDUSTRY 

MODEL 
TS-4 

4950 

Shpg. Wt. 
16 lbs. 

COMPANY 
A SUOSIDIARt Of D•..YSTROM, INC. 

BENTON HARBOR 4, MICH. 

1440 page MASTER 
for everything in Electronics 

Make rapid selections from one industry-
wide MASTER CATALOG complete with 
SPECIFICATIONS, ILLUSTRATIONS, 
DESCRIPTIONS, DIAGRAMS, PRICES on 
thousands of Radio-TV-Electronic parts 
and equipment. 

WRITE FOR FREE CATALOG 
...COMPLETE INFORMATION 

List $B- SCI 
As C • Over 85,000 • Fully indexed 
low $ Is, items • 81/2” 
as • Over 8,500 

illus. - Weighs 6 lbs. 

From leading parts distributors or write to: 

UNITED CATALOG PUBLISHERS, INC. 
110 Lafayette Street. New York 13, N. Y. 

...7hgre io Aiwa yi One Zeacler in every -Viefel 

BODNAR INDUSTRIES, Inc. 
leads in the field of 

PLASTIC LIGHTING PANELS AND DIALS 
BECAUSE OF Quality • Uniformity • Performance 

Design & Layout "Know-How Service" 
Quantity Production Promptly 

NEW YORK —19 Railroad Ave., New Rochelle ( Home Office) 

CALIFORNIA-4440 Lankershim Blvd., P.O. Box 164, North Hollywood 

CANADA —44 Wellington St. E., Toronto 

SPECIMEN PANEL MIL- P-7788 ( AN-P-89) SENT ON LETTERHEAD REQUEST 

Ic 

What to See at the 

Radio Engineering Show 

(Continued from page 184A) 

Microwave Components 

and Test Equipment 

366 Microwave Ave. 

DOUGLAS MICROWAVE CO. 

INC. 

Dow Chemical Company, 12 Palace 

Fabricated magnesium items for use in elec-
tronic equipment of all kinds. 'Demonstrates 
excellent workability characteristics of mag-
nesium. Illustrates light weight, rigidity and 
versatility. 

SOCKET & 

JEWEL LIGHT 

ASSEMBL'ES 

Booth 
812 

DRAKE MANUFACTURING CO. 
1711 W. Hubbard St. . . . Chicago 22, Illinois 

Driver-Harris 
Company 

607 Circuits Ave. 
N I CHROMEgv and 

41 NICHROME.® KAR-
ITh MA® and other high 

resistance alloys. 
e THERLO® and other 

glass-to-metal sealing 
alloys. 

Wilbur B. Driver Co. 

691, 693 Circuits Ave. 

Metiers and manufacturers of alloys for tbe 
following electronic applications: ( 1) Fila-
ment (2) Grid Wire (3) Carbonized Nickel 
for anodes, wire and ribbon (4) resistors (5) 
glass to metal seals. 

Alloy Names: EVANOHM, TOPHEST, CUP. 
RON. SYL-ALOY, MODIFIED HILO, CO-
BANIC, RODAR. 

Dubrow Development Co., 37 Palace 
'Precision vacuum-tube ac milliammeter-volt-
meter, *transistor amplifier, *meter test set, 
*vibration meter, •omni-phase oscillator, • Iim-
iting amplifier. 

•Indicates new product 

(Continued on page 188A) 

FIRST AID ROOM 
A nurse is in charge at all flutes. First Aid 

Room is the sixth room to right of Lobby 

directly off registration area in Kingsbridge 

Armory. 
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Howe 161-çpaeig 
We have used all glass in the internally exposed area 

of our No. 1619 Transistor Base. This all-glass construction 

prevents contamination of a transistor wafer when closure 

is made after mounting. Had we left this area as metal... 

your "buttoning-up" operation would float solder and flux 

right in under the wafer. When this occurs, the possibility 

of contamination or degradation of the wafer is raised, and 

with results that are difficult to predict. 

utTitemeet Notu Rae--
Hermetic's specialist-engineers can help you avoid trouble 

in all your hermetic sealing problems. Why not draw upon 

their knowledge and skill?.. . it covers the full range of 

matched glass or VAC-TITE* hermetic sealing for the most 

advanced components. 

Write us about your problem, and for your copy of our 

latest addition to the "Encyclopedia Hermetica." You'll find 

it most complete and up-to-date. 

*Vae-Tite is Hermetic's new vacuum-proof, compression construction glass-to- metal seal. 

Hermetic Seal 
Products Company 
29 South 6th Street, 

Newark 7, New Jersey 

Visit us at the IRE Show-
199 Broadcast Way 

FIRST AND FOREMOST IN MINIATURIZATION 
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Supramica 
Supramica 

555 

Superior 

grades of 

glass-bonded 

mica 

From Mycalex Corporation of America come two new grades of glass-bonded 
mica that increase temperature endurance nearly 300 degrees! 

Supramica 
500 

For fired silver paste printec circuits and thermal endJr-
ance applications . . Supramica 500 in sheet or rod firm 
with minimum distortion under no load at 1000°F. 

Supramica For electronic applications . precision-molded Supramica 
555 555 with minimum distortion under no load at 950°F. 

The characteristics that have made Mycaiexe glass-bonded mica world-
famous are found, too, in the new Supramica formulations 

Total and permanent dimensional 

Low electrical loss 

High dielectric strength 

Resistance to radiation 

Impervious to water, oil and 

Unequaled arc resistance 

MVCALEX 

CORPORATION 

OF AMERICA 

World's largest manufacturer 
of glass-bonded mica 

For complete data on this 
remarkable basic material write: 

Mycalex Corporation of America 
General offices and plant, Dept. 1 1 1 
Clifton Boulevard, Clifton, New Jersey 

Booths 651 and 653 at the IRE Show 

stability 

organic solvents 

EXECUTIVE OFFICES: 

30 ROCKEFELLER PLAZA 

NEW YORK 20, N Y. 

What to See at the 

Radio Engineering Show 
(Continued from page 186A) 

Allen B. Du Mont 
Laboratories, Inc. 

Communication Products 
Div. 

167-171 Television Ave. 
VHF•UHF Studio-Transmitter equipment; 
Flying Spot Scanner Systems for 16 mm. 
Film and Opaque Slide Pickup for Mono. 
chrome and Color; *Video Switcber; Mobile 
Communications Equipment. 

Allen B. DuMont 
Laboratories, Inc. 
(Instrument Division) 

264-268 Instruments Ave. 

A complete new line of cathode-ray 
oscillographs covering frequency 
spectrum from de to over 20 mc; 
complete line of cathode-ray tubes 
and radar tubes; complete line of 
multiplier phototubes. 

Dumont Airplane & Marine Instruments, 
Inc., 432 Electronic Ave. 

Capacitors (oil, paper, plastic, sub-miniature, 
Mil-C-25A, electrolytics, precision, computer, 
noise suppression). •A revolutionary design in 
disc type capacitors. 

du Pont de Nemours & Co., Inc., E. I., 
846 Audio Ave. 

"Mylar" polyester film's unusual combination 
of properties is demonstrated by subjecting it 
to electrical stress, boiling water and dry me. 
Commercially available "Mylar" insulated ca-
pacitors, transformers, coils, w:re and mag-
netic recording tape will be displayed. 

Dyna-Labs., Inc. 

480 Electronic Ave. 

Gaussmeter; miniature earphones 
and microphones; ultrasonic and un-
derwater-sound transducers; sonar 
equipment; noise generators; sound 
pressure standards; transducer cali-
brating equipment. 

Dynamic Gear Co., Inc., 98 Palace 
Introducing 'medium & fine pi•.ch precision 
gears available for immediate delivery from 
stock. Tooth range from 20 thru 300 in incre-
ments of one tooth! 

Dynamic Sales Enterprises, 592 Compo-
nents Ave. 

See Fairchild Guided Missiles. 

E.I.C.O., 209, 211 Instruments Ave. 
See: Electronic Instruments Co., Inc. 

•Indicates new product 

(Continued on page 192A) 

CORPORATION 
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IS YOUR PROBLEM 

TO SAVE SPACE? 

400-CPS AIRPAX CHOPPER PLUGS 

INTO 7-PIN MINIATURE SOCKET 

IN THIS COMPACT D-C AMPLIFIER 

This miniature 400-cps chopper stands about P/8 inches above the 

chassis, is about 3/4 inch in diameter, and can be locked in place in a 

standard 7-pin tube socket with a tube shield. 

Coil excitation of 20 milliamperes is readily obtained from 6.3-volt 

heater transformer. 

Contacts of this single-pole double-throw continuously operating switch 

are rated for 1 milliampere at 100 volts maximum. On tests at no 

current—most severe operating condition for life test—units have 

operated within design limits for well over the rated 2,000-hours life. 

Contact noise across 1 megohm has a peak amplitude of about 1.5 

millivolts, an average value of 200 microvolts. 

Designated as Airpax Type 300, this chopper provides reliable opera-

tion in unusually small space. Consider saving space by using this 

Airpax Type 300 chopper in your miniature equipment. 

For complete specifications write to 

DESIGNERS 

AIRPAX 
MIDDLE RIVER 

PRODUCTS 
COMPANY 

ENGINEERS 

BALTIMORE 20, MD. 
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AVAILABLE NOW IN PRODUCTION QUANTITIES 

The beam switching tube offers a 

new basic device to the engineer of electronic 

equipment. Versatility of the basic ten-position tube is 

such that any desired type of sequential, simultaneous or random 

switching of any number of positions may be obtained. The simplicity of 

the tube design and associated required circuitry result in a new standard of reliabil ity. 

It reduces the total number of tubes required in a circuit, space, weight, and heat in control and 

switching systems. 

multi-channel 
cathode ray recording 

computers 

fl 
Mfil 

telephone exchange switching 

nil 
Piq 

11 
il 

pulse sequences multiplex telephony 

Ct)N T I 

See us at Booth 33.5 I.R.E. Show 



search Center 

Perfected by the Burroughs Research 

Center .... rigidly tested and accepted by 

key electronic plants and communications labs 

throughout the world... this revolutionary new tube 

is now precision-manufactured in production quantities with 

complete accuracy and dependability by the Haydu tube divi• 

sion, specialists in the electronic industry. 

For complete specifications, performance 
data and design-engineering consultation on 

applications of this device, write today to the 

Applications Section. 

CATINODE 

Cross Section showing 
Cathode, Grids, Spades and 
Targets for 10- position 
switching. 

AYDU 
BROTHERS OF NEW JERSEY 

rocket telemetering 
Subsioary of Burroughs Corporation 



MODEL WWVR 

A receiver of the instrument class which is 
setting e new standard for the reception and 

presentation of the world's finest standards of 
time and frequency as broadcast by the Na-
tional Bureau of Standards from WWV and 
WWVH. 

The fundamental use of this receiver is in 
the calibration of local equipment to the ac-
curacy of these primary time and frequency 
standards. 

This time saving instrument incorporates all 
the latest techniques for clear reception. A 
glance at the front panel will at once show 
the ease of operation and instant availability 
of the desired Radio and Audio frequencies. 

Model WWVR allows the operator full use of 
the world's finest primary standards of frequency 
and time. All frequencies broadcast from WWV 
(or WWVH) are accurate to one part in fifty 

million. This instrument in your laboratory will 
truly give you a . . . 

PRIVATE PIPELINE TO PRECISION 

—Specifications— 

SENSITIVITY—Better than I microvolt on all 
frequencies. 

SELECTIVITY—Less than 18 KC for —60db, 2.5 
KC for —3db. 

FREQUENCIES—Choice of three RF front ends 
delivered with receiver, 2.5, 5, 10, 15, 20 
or 25 mc. 

SMALL IN SIZE—Standard 51/4 " relay rack panel. 

DOUBLE CONVERSION—First IF amplifier at 2 
MC, crystal converter to 60 KC second IF 
amplifier. 

FRONT END—Four tuned circuits at the signal 
frequency for maximum sensitivity and image 

rejection. 

AGC and AVC—AGC system provides constant 
RF input to second detector. AVC system 
independently controls audio resulting in con-
stant output on tones. 

INDIVIDUAL INPUTS—Three individual inputs for 
tuned antennas plus one common input for 
broad-band antenna. Balanced 300 ohm or 
unbalanced 72 ohm input. 

Send for complete specifications, 

prices and delivery schedule. 

V 

SPECIFIC I PRODUCTS 
14515 DICKENS STREET 
SHERMAN OAKS 2, CALIF. 

What to See at the 

Radio Engineering Show 
(Continued from page 188A) 

Eastern Air Devices, Inc., 655 Circuits 
Ave. 

Miniature and Sub-Fractional H.P. Motors, 
Blowers, Fans. Tachometers, Generators, Alter-
nators, Gear Motor Servos, for use in Auto-
matic Control, Instruments, Electronic De-
vices, Aircraft Components. 

Eastern Industries, Inc., 633 Circuits 
Ave. 

We will exhibit electronic tube cooling equip-
ment, refrigeration units, pressurization units, 
hydraulic pumps, fuel pumps and fluid motors 
for both airborne and ground service. 

Eastern Precision Resistor Corp., 686 
Circuits Ave. 

First showing of *encapsulated miniature trim-
ming potentiometer "COMP-U-TRIM," featur-
ing higher resolution. Precision, stability and 
a wide choice of temperature coefficients. Also 
a complete line of encapsulated precision wire 
wound resistors. 

Hugh H. Eby, Inc. 

577 Components Ave. 

Color TV Components. New *Fuse 

Holder. Switch Sockets. Custom 
Moldings. Printed Circuits. Custom 
Built Sub Assemblies. 

Edin Company, Inc., 482 Electronic Ave. 
Edin Company will feature their Model 8 082 
recorder which is a six speed two channel 
portable recorder. 

Thomas A. Edison, Inc. 
Instrument Division 

677 Circuits Ave. 
E 

Sensitive dc Relays ( operate in microampere fi 

range). Thermal Time Delay Relays, Ther fi 
mal Current Limiters (Antenna cutout). 

E Thermostats for crystal oven temperature con- e 
fi trol. Ratio Indicator. Indicates ratio of two É 
fi direct currents. == 

Iii11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111ifillue. 

The Mark of Excellence 
in Electron-Power Tubes 

The world's largest manufacturer of transmit-
ting tubes will feature new ceramic tube, kly-
stron and negative grid tube developments, as 
well as Eimac's complete line of UHF klystrons 
and klystron circuit components, triodes, tat. 
rodes, pentodes and rectifiers. 
Members of Eimac engineering and manage-
ment groups will be present for consultation. 

EITEL-McCULLOUGH, INC. 
Booths 549-551, Components Ave. 

110 CORPORATION 
2nd 8, GLENWOOD, PHILA. 40, PA. 

ruerica's Qualily Line of 

Subminiature Sockets, 

Shields and World- Famous 

"Varicon- Connectors 

792 AIRBORNE AVE. 

(Continued on page 194A) 

WHERE 
PERFORMANCE 
COUNTS 
specify these 30, 400 — 
isolation transformers 

Hermetically sealed 

meet MIL-T-27 grade 1, 

class A requirements 

Primaries 115V, 30A 

380-1000 cycles 

T-806-H Sec. 26V, 301. 

0.65 amp A.C. per 95 

T-810-H Sec. 26V, 30Y 

1.3 amp A.C. per 0 

Dimensions Weight 
,r,T-806-H 21/2 "x4"xl 1/2 " 1.95 lbs. 
- T-810-H 31/2 "x4"xl1/2 " 2.4 lbs. 

Write today for quotation 
on your special requirements. 

PEERLESS 
Electrical Products 

A DIVISION OF KILEÇ 
9356 Santa Monica Blvd., Beverly Hills, Calif. 
161 Sixth Avenue, flew Yak 13, hew York 
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Mg: 2601M 

Introducing 

by GENERAL 
CERAMICS 

o 
tea 

A NEVI HIGH 0, LOW LOSS, HIGH 
FREQUENCY CORE MAIERIAL WITH 

STABLE CHARACTERISTICS 

An ideal Core Material for Antenna 

Rods, Filter Inductances, Loading Coils, RF Coils and all other 

Applications Requiring High Performance up to 30 Megacycles. 

Ferramic "Q" is an exclusive development of General 

Ceramics Corp. It was created to overcome the instabilities 

that characterized previous high performance ferrites. Ex-

haustive tests prove that Ferramic "Q" is completely stable 

in respect to age, shock, vibration, temperature. In addition 

this new material features higher Q and lower losses than 

former materials at all frequencies up to 30 Megacycles. 

Cost-wise, Ferramic "Q" offers extremely favorable com-

parison with. competitive materials. For complete details, 

call, write or wire today. 

OUTSTANDING ADVANTAGES OF FERRAMIC "Q" ARE SHOWN IN COMPARATIVE CHARACTERISTICS 
OF IDENTICAL COILS WITH CORES OF FERRAMICS J AND N, AND THE NEW FERRAMIC "Q" MATERIAL 

/ CUP CORE F-261 

Fer-a 111 so 
Fier-0mM= •65 

II 75 
Cod . on s i ttt 
wire tandem wound. : up C014. not og • or 
feces ground ( so air top). Inductance mea 
surer!, in micre•F•nries, capacitance mad, 
gyred mIcre-yeicr.s-forads tar Preorton 

. Freouencr 1(40 Kcs 

G CORE F-108 

;Millneenrreelle 

Ferramic .11=1112811 6C) 

Ferromic NIIIIM4211111100 

Ferro mir CIII.11725 " 400 

Coil consist. of WeI #20 AWG S F. fni 
..re wound uniformly on toroid. Inductonce 
measured in micro- henries, caPocaon‘• 
measured in micro-micro•forads on Boonton 

er.  Freouencv 1000 Ka. 

ANTENNA ROD 
F-214 - 8" LONG 

.1.e.111.1111r 
Ferramic mop) 
Ferromic NO 1.1160 
Ferramic Q111110 1' U 51'U050Coil consists of 'gold of 83 #2 
AWG S.F. wire. Space wound along aparo 
8" of rod length and centered on r 
Inductance measured in micro-henries. 
pocilance measured in micro.rnicre-forads 

$00.° 
TABLE OF MAGNETIC PROPERTIES OF OTHER FERRAMIC° BODIES TYPICAL ANTENNA ROD MEASUREMENTS 

PROPERTIES UNIT  

Initial Perm. 
at 1 mc/sec. 

*Max. Perm. 

*Sat. Flux Densii.y Gauss 
*Residual Mag. Gauss 
*Coercive Force Oersted  
Temp. Coef. of 
initial Perm. %/°C 
Curie Point +°C 
Vol. Resistivity ohm -cm. 

250 
1100 
4200 
2700 
2.1 

.40 
330 
Med. 

E G H 

750 
1710 
3800 
1950 
.65 

.25 
160 
Med. 

410 
3300 
3200 
1050 
.25 

1.3  
160 
High 

850 
4300 
3400 
1470 
.18 

.66 
150 
Med. 

900 
3000 
2000 
700 

.30 

125 
400 
3300 
1800 
2.1 

.30 . 10 max. 
70 350 

Med. High 

Loss Factor: 
1.LoQ 

At 1 airs/sec. - .00007 .00008 .00008 .00030 .0003 .000020 
At 5 mcs/sec. - .0008 .0020 .00075 .00155 .005 .000050 

'Measurements mode 3n D.C. Ballistic Gclvcrnometer with Hmax = 25 oersteds. 
Above data is bcsed on nominal values. 

1 

FREQUENCY o C=mmf. 

0.6 334 344  

0.8 350 189 
1.0 350 120 

1.2 338 83 
1.4 318 60 

TEMPERATURE COEFFICIENTS 

Antenna Rod No. F-214 (.330 x e). Standard 
Test Coil - Space wound solenoid 85 turns 
#26 AWG. Formex copper, occupying approx. 
80% of length of rod and centered on rod. 
(Resonates at 1 Mc. with 120 mrof.) 

1.4 o 
TC-=. -(25° to 75°C) 

i•to 
Temp. Coeff. of Rod + 1.0 to + 2.0 

Temp. Coeff. of Coil only 

e, CERAMICS CORPORATION 
,E VALLEY 6 _ 

'Genera l Offices and Plant: KEASBEY, NEW JERSEY, 



WILEY 
B K S 

See these new books—and dozens of others—in Booth 588 at the IRE Show. 

TRANSISTOR AUDIO AMPLIFIERS 
By RICHARD F. SHEA, General Electric Co., Syracuse, N.Y. 

How transistor fundamentals can be applied in the construction and 
use of audio amplifiers. Using these principles you can: ( 1) apply 
transistor principles in a multitude of designs, ( 2) avoid pitfalls in 
planning, and ( 3) achieve the ultimate in performance from tran-
sistor devices. Here are all the tools you need to design an amplifier 
of maximum reproducibility, long life, maximum freedom from the 
effects of temperature and humidity, and lowest cost. 

1955. 219 page, 199 illus. $6.50. 

Also . . . 

PRINCIPLES of TRANSISTOR CIRCUITS 
Edited by Richard F. Shea. 1953. 535 pages. 502 illus. $ 12. -' 

SERVOMECHANISMS 
ssil 

MIMING 
S'Y SUM 

DESIGN 

TRANSISTOR 

\\\ AUDIO 

AMPLIFIERS\ 
\\ 

SERVOMECHANISMS and 
REGULATING SYSTEMS DESIGN 

Volume II 
By HAROLD CHESTNUT and ROBERT \V. MAYER, both of 

the General Electric Co. 

Packed with the information needed by the servo design engineer 
to cope with analytical and practical aspects of design. The authors 
state the problems met in design, then develop methods for their 
solution. Emphasis is on the practical aspects, but analytical proofs 
are provided where they are needed. 

vol. 11: 1955. 

Vol. I: 1951. 

MAGNETIC AMPLIFIERS 

By Dr. H. F. STORM 
and a staff of 10 General Electric specialists 

Provides a broadly useful understanding of 
the theory of magnetic amplifiers, together 
with theoretical and practical data on core 
materials, core-making techniques, and 
metallic rectifiers. 

1955. 545 pages. 381 illu $ 13.50. 

MATHEMATICS of ENGINEERING 

SYSTEMS (Linear and Non- Linear) 

By DEREK F. LAWDEN, College of Technology, 
Manchester, England. 1955. 380 pages. 127 dia-
grams. $5.75. 

384 pages. 

505 pages. 

297 illus. $8.50 

250 illus. $9.25 

SONICS 
Techniques for the Use of Sound and 
Ultrasound in Engineering and Science 

By THEODOR F. HUETER and RICHARD H. 
BOLT, both of the Massachusetts Institute 

of Technology 

Offers a thorough presentation of the prin-
ciples and practices of the rapidly expand-
ing field of sonic!. Techniques and devices 
ranging from a few cycles to hundreds of 
megacycles per second are covered. Material 
is drawn from the fields of physics, engi-
neering and electronics. 
1955. 456 pages. 231 illus. $ 10.00 

THE PHYSICS OF 

EXPERIMENTAL METHOD 
By H. J. J. BRADD1CK, Manchester University, 
England. 1954. 404 pages. Illus. $7.00. 

Mail for your ON-APPROVAL copies today 

JOHN WILEY & SONS, Inc. (IRE-35) 

440 Fourth Ave., New York 16, N.Y. 

Please send me book(s) checked below to read and examine ON APPROVAL. Within 
ten days I will either return same and owe you nothing or will remit the price(s) indi-
cated, plus postage. 

D Transistor Audio Amplifiers, $6.50 
EJ Principles of Transistor Circuits, $ 12.75 
D Servomechanisms and Regulating Systems Design, Vol. II, $ 8.50 
D Servomechanisms and Regulating Systems Design, Vol. I, $9.25 
D Magnetic Amplifiers, $13.50 
D Sonics, $ 10.00 

Mathematics of Engineering Systems, $ 5.75 
D The Physics of Experimental Method, $ 7.00 

Name   

State   

City   Zone   State   

El SAVE POSTAGE! Check here if you ENCLOSE payment, in which case we pay 
postage. Same return privilege applies, of course. 

What to See at the 

Radio Engineering Show 

(Continued from page 192A) 

Electra Manufacturing Company, 477 
Electronic Ave. 

Precision Resistor Manufacturers. Deposited 
Carbon Resistors To Your Most Exacting Re-
quirements. Can be had with Regular Coat-
ing, "Hermetically Sealed Ceramic, or Molded 
in Plastic. 

Electric Regulator Corporation, 627 Cir-
cuits Ave. 

Booth showing giant model Regohm with mov-
ing fingers lighting up. A multiplex 12 page 
display will have schematics and application 
photos. Also a dynamic demonstrator of line 
load regulation. Size 4 extra large Regohm. 

ELECTRICAL & PHYSICAL 
INSTRUMENT CORP. 
42-19 27th Street, Lon, hl ird City I, Nr York 

epitc BIM 
FAST PULSE AND 

COUNTING EQUIPMENT 
including one millimicrosecond rise time square 
pulse generators, 10 mc decade and binary 
scalers, pulse amplifiers, and custom designed 
equipment. 

Electrical Equipment, 864 Audio Ave. 
See Sutton Pub. Co., Inc. 

Electrical Industries 
Div. Amperex Electronics 

Corp. 

650, 652 Circuits Ave. 

Hermetically Sealed Leads and Mul-
tiple Headers Including Compression 
Types Cans and Bases For Transis-
tors and Diodes. 

Electrical Reactance Co., 548, 550, 552 
Components Ave. 

See Aerovox Corp. 

Electro Devices Co., Inc., 723 Airborne 
Ave. 

A coil winder specifically for winding minia-
ture toroids. Will wind wire sizes from #30 to 
#42AWG, and down to .093 inside diameter. 

Electro Impulse Laboratory, 
Inc. 

384 Microwave Ave. 

Dummy loads 

Power meters 

gechti-gmettunsittA. 
San Diego, Calif. 

Digital Voltmeters 

Burlingame Associates 

234-236 Instruments Ave. 

*Indicates new product 

(Continued on page 196A) 
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problem: Electronic Assemblies 

--e•/////////e 

• • \ • \ • • • • \ • • • • \ • Long experience in this highly specialized field enables 
Makepeace to supply efficiently and promptly electronic assem-
blies which meet the most unusual and exacting specifications. 

Even Tighter Tolerances Than MIL-T-85-B Are Readily Met 
When Makepeace supplies such components as rotary joints, 

antenna feeds, crystal mixers or highly specialized assemblies, 
manufacturers can be confident that each one will not only ex-
actly meet but often surpass the most rigid specifications. Our 
engineering staff is always available for consultation on the 

design and manufacture of prototypes and for 
projection of production runs . . . and our un-

\•"..•‘\\•.\\•\N. 

1̀1\\\•.\ • \ ‘\\ \ \`` 

/1///////////,,, 

• 

/ usually complete testing facilities are at your 

• 
• 
• 

disposal. We invite your inquiries. 

Makepeace Can Meet Your Requirements In 
• Collector Rings and Brushes 

Complete self-contained assemblies are avail-
able either MAKEPEACE standard 2 to 24 
circuit stock ring and brush assembly or units 
made to meet special requirements for minia-
ture large electro-mechanical rotating devices 
and systems. New materials and techniques 

\ developed in our laboratory and tried in the 
• field provide hitherto unobtainable perform-
n,  ance at very high speeds and extremely low 
• noise levels as well as economy of space and 
• weight. Slip rings from .050' O.D. to 48' O.D. 

in solid or laminated precious metals are avail-
\ able in a great variety of alloys. Our unique 
\ facilities for designing, testing and engineering 

are at yc ur disposal. 

D. E. MAKEPEACE COMPANY 
Division of Union Plate and Wire Co. 

ATTLEBORO. MASS. 

Sales Offices: New York • Chicago • Los Angeles • Columbus 
Prec;s'on Rectangular Waveguide Tubing • Microwave Components • Microwave Transmission 
Assemblies • Electrical Contact Material • Formed Electrical Contacts • Crossbar Welded Contacts 

• Slip Rirg and Slip Ring Assemblies • Brush Assemblies • Precious Metals Clad To Base Metals • 

Sheet — Tubing — Wire and Assemblies • Sendzmir Precision Rolling 

See us at South 403-405 IRE Show 
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Write for information 
on special experimental 
and research services 

offered by Kahle. 

for modern, profitable 
automatic production... 

... call on KAM LIE 
...world's leading 
exclusive 
manufacturer 
of production 
machinery for the 
electronics field 

If you're making (or plan to make) diodes. 
transistors, sub-miniature, miniature, 
cathode ray tubes, or other electronic tubes 
or component parts, take full advantage of 
Kahle's invaluable experience. 
With Kahle methods and "know-how" 
you're sure of getting exactly the right 
machinery to produce exactly what you 
want ... accurately, dependably, profitably. 

For more than a quarter of a century the 
leaders in the electronics field have relied 
on Kahle for production machinery. 
Typical production steps automatically 
performed by Kahle equipment include 
sealing, bulb making, stem making, 
exhausting, grid winding, filament coil 
winding, lead wire welding. 

Write today for additional details, equipment 
specifications, production data, and quotations. 

kahle ENGINEERING COMPANY 

1310 SEVENTH STREET • NORTH BERGEN. N. 't. 

GLAS - GUIDE 
R. F. COMPONENTS 

MADE OF 

LAMINATED 

GLASS CLOTH 

Microwave Transmission Lines 
Fabricated in This Manner 
Offer the Following Superior 
Properties: 

NON CORROSIVE 

NON HEAT CONDUCT-
ING 

HIGH STRENGTH TO 
WEIGHT RATIO 

CLOSE MECHANICAL 
TOLERANCES 

FINE SILVERED 
CONDUCTING 
SURFACE 

Straight sections, tees and mitered 
elbows are among the many compo-
nents available as standard items. 
GLAS-GUIDE can also be made to 
your print. 

"Don't say waveguide, say Glas-Guide" 

Write today for complete data. 

LEE LABORATORIES, Inc. 
Genesee, Pennsylvania 

What to See at the 

Radio Engineering Show 

(Continued from page 194A) 

Electro-Measurements, Inc., 212 Instru-
ments Ave. 

*Fault Locating Bridge, *Limits Bridge, 
*DEKAPACITOR (decade capacitor), *ESI-
POT (mult it urn high resolution potentiom-
eter), Impedence Bridges, Null Amplifiers, 
DEKABOXES (decade resistance boxes), 
DEKASTATS (precision rheostats), DEKA-
POTS (precision potentiometers), DEKAVID-
ERS (precision laboratory voltage dividers). 

Electromec, Inc., 35 Palace 
*New large screen oscilloscopes featuring rack 
mounting models using 17" rectangular tubes 
and laboratory models using 21" rectangular 
tubes. *New swept frequency generators and 
auxiliary equipment. 

Electro-Mee Laboratory 
Inc. 

862 Audio Ave. 

Potentiometers, ultra-low torque, ex-
treme precision, 7/8" up to 3" diam-
eter, servo mounting, ball bearing. 
Also new product, DIGITOMETER• 
—a precision coded commutator. 

Electro-Motive Mfg. Co., 361 Microwave 
Ave. 

See Arco Electronics. 

Electro-Pulse, Inc. 

221 Instruments Ave. 

Block unitized wide range pulse in-
strumentation. Pulse oscillators, ana-
log and digital time delay generators, 
single multiple pulse generators. 
*First showing of four new instru-
ments. 

Electro-Snap Switch & Mfg. Co., 82 
Palace 

Precision snap- action switches for the electron-
ics industry. Featuring subminiature high ca-
pacity switches with a variety of auxiliary 
actuators for special purposes applications. 

Electro Tec Corp. 
133, 135 

TELEVISION AVE. 
Ultra- precise slip ring and commutator as-
semblies for instrumentation and electronics. 
Electro Tec's revolutionary patented process 
for manufacture of slip ring components in 
prototype and produc:ion quantities, Diam-
eters range from 0.035" to 36". Patent No. 
2,696,570. Foreign patents pending. 

Electronic Associates, Inc. 
329, 331, 333 Computer 

Ave. 

Analog computer, associated components, 

Variplotter plotting boards, precision func-

tional potentiometers, Variplotter, Model 

1100 plotting boards (a new achievement in 

desk top X-Y recorder versatility and per-

formance). 

*Indicates new product 

(Continued on page 198A) 
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FREED MINIATURE PULSE TRANSFORMERS 
USED IN UNIQUE BLOCKING OSCILLATOR CIRCUIT CAN PASS UP TO 

200,000 PULSES PER SECOND. 

Freed Miniature Pulse Transform-

?rs are being used in a novel 

blocking oscillator circuit which 

produces sharp pulses at repeti-

ion rates up to 200,000 pulses per 

second. With the circuit constants 

shown, an output pulse of two 

microseconds duration, 65 volts 

amplitude con be obtained with a 

p.r.f. of 20,000. The rise time ob-

tained with the FREED MPT-8 is 

ess than 0.05 microsecond. This 

!ast repetition rate circuit can be 

triggered with either a sine or a 

square wave, and requires a driv-

.ng voltage of anywhere from one 

to fifty volts. The bias voltages 

need not be obtained from a low 

impedance supply. If a negative 

pulse output is required, the 

FREED MPT-7 transformer pro-

vides a tertiary winding for this 

purpose. 

0.01 MF 

0-1 
TRIGGER 
INPUT 

2.7 K 

— 50 V. 

—150V. 

+150 V. 

4 57 

HERMETICALLY SEALED PULSE TRANSFORMERS 
for use in blocking oscillators, low level interstage 

coupling, and modulator outputs. Made in accord-
ance with MIL-T-27 specifications. These pulse trans-
formers are designed for maximum power, efficiency 
and optimum pulse performance. Balanced coil 
structures permit series or parallel connection of 
windings for turn ratios other than unity. Pulse 
characteristics, voltages and impedance levels will 
depend upon interconnections made. 

Catalog 
Nu roller 
mpr- I Blocking actilator or 

interstage coupling. 

MPT- 2 

Application 
Pulse Voltage Pulse Duration 

kilovolts Microseconds 
Tat Voltage Characteristic Case 

Duty Ratio KV., RMS Impedance Ohms Size 

0.25/0.25/0.25 0.2-1.0 
Blocking oscillator or 
 interstage coupling. .025/0.25 0.2-1.0 

M PT- 3 Blocking oscillator or 
interstage coupling. 0.5/0.5/0.5 0.2-1.5 

MPT- 4 Blocking acillator or 
interstage coupling. 0.5/0.5 0.2-1.5 

MPT- 5 Blocking oscillator or 
interstage coupling.  0.5/0.5/0.5 0.5-2.0 

ib Blocking oscillator or 
inteetage coupling. 0.5/0.5 0.5-2.0  

MPT- 7 Blocking oscillator, 
interstage coupling or 
low power output. 0.7/0.7/0.7 

MPT- 8 Blocking oscillator 
interstage coupling or 
low power output. 

M PT- 9 

Mrr.10 

0.7/0.7 

Blocking oscillator. 
interstate coupling or 
low power output. 1.0/1.0/1.0 

Blocking oscillator, 
interstage coupling or 
low power output. 1.0/1.0 

0.5-1.5 

0.7-3.5 

0.7-3.5 

MPT-II Blocking oscillator. 
interstage coupling or 
low power output. 1.0/1.0/1.0 

M PT-12 Blocking oscillator, 
interstage coupling or 0.15/0.15 
low power output. 0.3/0.3 

.004   0.7 

.004 0.7 

.002  1.0 

.002 1.0 

.002  1.0 

.002 1.0 

.002 

.002  

.002 

250 

250 

250 

250 

500  

500 

DN1-12 

DM- 12 

DM- 18 

DM- 18 

DM-12 

DM-12 

1.5 200 DM-18 

1.5 200 DM-18 

2.0 200 DM-18 

.002 

1.0-5.0 .002 

2.0 200 DM-18 

2.0 

0.2-1.0 .004 

500 DM-01 

0.7 700 DM-8 

geed jeallieJt aid catalog 

FREED TRANSFORMER CO., INC. 

OTHER FREED PROD 

• High UCTS TRANSFORMERS 

Fidelity•   High level Pulse • TMrainnisaistutorer 

• Power • • High Q Toroids High Q Reactors 

• Slug. Tuned • High Temperature 

• Miniature Audio • Herelnen"ilY 

Sealed • Charging Reactors 

• Sub-Miniature 
• Step-down 

• Magnetic • Precision Reactors Amplifiers 

• Precision Filters 

INSTRUMENTS 

• Comparison and Limit Bridges 
• Low Frequency "Q" Indicators 

• Incremental Inductance Bridges 
• Universal Bridges 

• Null Detectors and V. T, Voltmeters 
• Power Supplies 

• A.C. Bridges and Accessories 

• Differential Voltmeters 

• Harmonic Distortion Meters 
• Wide Band Amplifiers 
• Decade Amplifiers 
e Decade Inductors 
• Decade Capacitors 

• Megohmmeters 
e Filters 

• Magnetic Voltage Regulators 

1720 Weirfield St., Brooklyn ( Ridgewood) 27, N. Y. 



Developed by ATR 
o cooperation will 
Squier Signal Lab. 
oratory, Signal 
Corps Engineering 
Laboratories, Fort 
Monmouth, New 
Jersey. 

INTRODUCES 

eeieteatuote 

HIGH Voltage - LOW Current 

POWER SUPPLIES 

The ATR HIGH Voltege - LOW Current Power Supplies 
utilize ATR miniatura vibrators and are ideally suited 
for flash-light cell operation in conjunction with: 

• RADIATION MEASURING DEVICES. 
• PHOTO-MULTIPLIER CELLS. 
• INFRA-RED DETECTIION EQUIPMENT. 

SPECIFICATIONS 

Five ( 5) basic ATR HIGH Voltage - LOW Current flash-light cell oper-
ated Power Supplies are available as follows: 

ATR DC 
TYPE 
NO. 

ZOD-451 

ZOD-455 

ZOD-471* 

ZOD-463 

ZOD-443 6 VDC 
'AS FEATURED ABOVE 

QUOTATIONS ON REQUEST ONLY TO ACCREDITED ORGANIZATIONS. 

INPUT 
VOLTAGE 

1.5 VDC 

1.5 VDC 

1.5 VDC 

6 VDC 

DC 
OUTPUT 
VOLTAGE 

800 VDC 

900 VDC 

10,000 VDC 

1,000 VDC 

16,000 VDC 

DC 
OUTPUT 
CURRENT 

50 ua. 

100 ua. 

1 too. 

3 
1 ua. 

ATR manufactures a complete line of Auto Radio Type 
Vibrators, Heavy Duty Inverter Type Vibrators, DC-AC 
Inverters, and Rectifier Power Supplies. 
Literature Available On Request. 

AMERICAN TELEVISION & RADIO CO. 
2ttalteg PlciduceJ .56tee /93/ 

SAINT PAUL 1, MINNESOTA — U.S.A. 

What to See at the 

Radio Engineering Show 

(Continued from page 196A) 

Electronic Computer Div. 

Underwood Corporation 

801 Produetion Rd. & 

Audio Ave. 

A new small, low cost Electronic Digital 
Computer for Accouating. Engineering and 
Scientific Applications. Also wide range of 
Computer Components. 

Electronic Design, 872 Audio Ave. 
See Hayden Publishing Co. 

Electronic Instrument Co., Inc., 209, 211 
Instruments Ave. 

Electronic Test Instruments—Kitsor factory 
wired. VTVMs, Oscilloscopes, Tube Testers, 
Generators, VOMs, Signal Tracers, Decade 
Boxes, Battery Eliminators, Probes. 

Electronic Measurements Co., Inc., 838 
Audio Ave. 

The new "REGATRONS" using the new elec-
tronic super-regulating system. Models for 
bench use, computers, etc. Into the ampere 
range. Also, electronically controlled airborne 
power. 

Electronic Research 
Associates, Inc. 

216 Instruments Ave. 

Exhibiting transistor teat equipment, transamp 
transistor amplifiers, transpac miniaturized 
power packs, tube:rss power supplies, 
*Transistor Teeter, Transistor Magnetic Am-
plifiers, Power Transistor Supplies, Automatic 
RF Noise Figure Meter. 

"-1111111111111111111111111111111111111111111111111111111111111: II limininunnuilminiiiinimiuniiiiiaL 
d 

Electronic Tube Corp. 

241 Instruments Ave. 

Presenting a new 'Dual-Beam Oscilloscope de-

signed for industry, laboratory and research, 

supplementing multi-channel line. New *Strip 

Film Camera added to line. Headquarters for 

special multi-gun CRT. 

m1111111111111111111111111111111111111111111111111111111111110111111111111111111111111111111111111111111I1111111111111111Iff 

Electronics, 126 Television Ave. 
See McGraw-Hill Pub. Co. 

Electronics Digest, 72 Palace 
The only magazine of Its kind ... 100 pages, 
pocket-size—condensing the best of the world's 
electronic literature each month. 

Elgin Metalformers Corporation, 297 
Broadcast Way 
Avoid high costs, long delivery time, with the 
EMCOR ENCLOSURE SYSTEM, the complete, 
flexible line of MODULAR enclosures for hous-
ing electronic equipment and fine instrumenta-
tion. 

BOOTH 
520 

I Components 
Avenue 

sub-

miniature 
/ 

relays 

EMN -NEOMATIC 
I A Subsidiary of Elgin National Watch Co. 
9010 Bellanca Avenue • Los Angeles 45 I 
Monufacturers of High Precision Sub- Miniature 

Electra-Mechanical D'evites 

*Indicates new product 

(Continued on page 200A) 
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SIMULTANEOUS MULTIPLE MEASUREMENI 

e 

BRINGS A NEW CONCEPT INTO THE FIELD 

arIPE 550-A 

OSCILLOGRAPHIC 
RECORDER 

DC TO 90 ) CYCLES 

A New High in Frequency 
Response For Direct Writing 
Oscillogyaphs! 

CHANNEL: 
EIGHT 

SIMULTANEOUS 

TRACES 

applicable to inquiry into 

. GEOPHYSICAL EXPLORATION 

. MEDICAL AND BIOLOGICAL RESEARCH 

. VIBRATION STUDIES 

. ACCELERATION TESTING 

. STRAIN EvAlUATION 

. SHOCK TUBE INVESTIGATIONS 

141J.MihitEfiejlAgilikj 

. EVENTS SEQUENCE RECORDING 
• DETONATION MEASUREMENTS 
• PERCENT FACILITY UTILIZATION 
• WELDING ANALYSIS 
. EOW-DOWN TUNNEL WORK 
• HYDPODYNAMIC TESTING 

TECHNOLOGY INSTRUMENT CORP. 
535 MAIN STREET • ACTON, MASS. COlonial 3-7711 

West Cocst Mad Address, F.O. Box 3941, North Hollywood, Calif. POplar 5-8620 

See us at Booths 226-228 Instruments Avenue at the IRE Show 
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MINI-DUAL 

SELECTED 
FOR USE IN . . 

This experimental receiver 
with a sensitivity of .04 mv/ 
meter for 25 mw output, a total 
power output of 100 mw while 
using a 4' x 6" speaker, was de-
veloped by Baird Associates, Inc., 33 
University Rd., Cambridge, Mass., who 
will be happy to answer inquiries regard-
Imp the circuitry design of their new receiver. 

NEW 

TRANSISTORIZED 
RECEIVER 

= 

Baird Associates, Inc. needed a very small dual variable capacitor 

. . tiny enough to make possible the design of a miniature transistor-

ized receiver, only 4-1/4" x 6-1/16" x 1-1/16" in overall size. One that 

would tune the complete broadcast band and offer the same perform-

ance as conventional tube models. 

McCoy's Mini-Dual Variable Capacitor met Baird's requirements 

in every respect. Just one-sixth the volume of the smallest presently 

available capacitor needed to do a comparable job, the Mini-Dual's 

dimensions are only 11/16" x 13/16" x 1-1/16". Capacitance range: 

Up to 430 mmfd per section, with at least 10:1 ratio from maximum 

to minimum. Both "rotors" and "stators" are isolated for flexibility of 

circuitry. Can be furnished in Straight line capacitance or Straight line 

Wavelength and if desired one section can have a 455 KC I.F. cut 

into its plates. Shaft diameter: 3/16" or 1/4". Standard shaft length 

3/8". Weight 1/2 oz. 

1 

T. HOLLY SPRINGS, 

ELECTRONICS 
COMPANY 

See both the McCoy Mini- Dual Vari-
able Capacitor and the Baird Asses-
dates transistorized receiver at 
Booth 764, IRE Show, Kingsbridge 
Armory, New York City, Marsh 21-

PENNSYLVANIA 24, 1955. 

What to See at the 
Radio Engineering Show 

(Continued from page I98A) 

Elly Electronics Corp., 890 Audio Ave. 
Spotlighting the ""Snapper" thermal time-
delay relays with double throw, snap-action. 
small size and rugged Mil Spec construction— 
the 'series TA snap-action thermostats with 
new design, construction and unexcelled per-
formance. 

Emerson & Cuming, Inc., 676 Circuits 
Ave. 

Plastics for Electronics—radomes, fibre-glass 
structures; casting resins, electronic embed-
ments; microwave absorbers; adjusted dielec-
tric constant materials; plastic foams; featur-
ing an 18" Dialuneberg Lens. 

MANUFACTURERS OF 

Visit our Booth 252, 
on lanrummt Ave. 

e II • 

FliELD INTENSITY METERS 

DISTORTION ANALYZERS 
IMPULSE GENERATORS 

(OARIAL ATTENUATORS 
CRYSTAL MIXERS 

EMPIRE DEVICES 
PRODUCTS CORPORATION 

38 - 15 BELL BOULEVARD 
BAYS1DE 61, NEW YORK 

Endevco Corporation, 67 Palace 
DYNAMIC INSTRUMENTATION: Wide 
range Piezo electric, self-generating accelerom-
eters, force gages and pressure pickups. Sub-
miniature electronic amplifiers and associated 
equipment packaged for airborne or laboratory 
applications. 

Epco Products, Inc., 371 Microwave Ave. 
Transformers: Power, Audio, Chokes—commer-
cial or military—Class A, B, & H. Also encap-
sulated, made to specifications. 

Equipto Division, Aurora Equipment 
Company, 874, 876 Audio Ave. 

Display of latest parts storage equipment for 
the jobber and serviceman. Modern design and 
construction in steel shelving, counters, 
benches, drawer units and chassis stands. 

Erie Resistor Corp. 

Erie, Pa. 

538 Components Ave. 

A Complete Line of 

High Quality 

Electronic Components 

Essex Wire Corporation, 617, 619 Cir-
cuits Ave. 

New and improved types of relays, controls, 
cord sets, wire assemblies and magnet wire 
for communication and e;ectronic equipment. 

CERTIFIED FABRICATORS 
OF 

MAGNESIUM—ALUMINUM—STAINLESS STEEL 
CHASSIS, PANELS-CASES, CONSOLES 

FRAMES, BRACKETS & ALL COMPONENTS 

NEW ENGLAND'S MOST COMPLETE d 

MODERN FABRICATING PLANT 

_ene ENGINEERING CO., Inc. 
1217 HYDE PARK AVE. 

BOSTON 36, MASSACHUSETTS 

23 Palace 

*Indicates new product 

(Continued on page 202A) 
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Lets stop 
ortuzoi 
double-talk 
ai}oie 
Regulated 
Power 
Supplies! 

WRITE FOR OUR CATALOG... 
"A Sensible Approach to Regulated 
Power Supply Design". It Contains 
Engineering Data, Prices, And Good 
News About Our Fast Delivery 
In- Stock Plan. 

MOST REQUIREMENTS ARE 

BEST SATISFIED BY A 

CLEAN-CUT, STRAIGHTFORWARD, 

LOW-COST, STANDARD DESIGN ... 

NIE Standard-Grade Model sicior. 
Typical of our 32 3Ilandard Grade models the S-300-R 

(200-500 volts, 0-300 ma, 0.3% !dad regulation). Has no 
electroFytics, generous transformer design, clean layout, 
solid construction, all first quality commercial-grade 
comporents, fine workmanship . .. (Less Meters) $149.50 

Our mass-produced, standardized designs guarantee 
you more for your power-supply dollar than ever before. 
From $52.50 to $299.50, from 200-325V at 100 ma to 0-600V 
at 0-300 ma, you can't buy better, watt-for- watt and dollar-
for-dollar, than NH! 

... BUT, IF YOUR APPLICATION 

REQUIRES THE MAXIMUM 

IN LIFE EXPECTANCY: 

, 

NIE Laboratory-Grade Model L-200-CM 

The 32 models in our Laboratory Grade-are the ultimate 
in dependability . . . at a sensible [rice. Illustrated is 
Model L-800-RM (0-600 volts, 0-600 ma, 0.3% load 
regulation)   (Less Meters) $440.00 

Cur Laboratory Grade line incorporates every possible 
safeguard against any failure in the first five years of 
service: selenium power rectifiers, blower cooled 10,000 
hour tubes, oil-filled capacitors, no carbon resistors or 
carbon pots, magnetic circuit- breakers, sealed transformers. 
Every component derated at least 30% . From 0-300V, 
0-300 ma to 0-600V, 0.120C ma. Priced—$315.00 to $935.00 

NEW JERSEY ELECTRONICS CORP. 
349 Carnegie Avenue, Kenilworth, New Jersey 

Competent Engineering Representation Everywhere 

Our custom quotes are rapid, 

PROCEEDINGS OF THE I.R.E. 

complete, competitive. We custom-build from 500 amperes ( low voltage) to 100 KV (low current). 
Will be at the IRE Show at 234-?36 Instrument Avenue 

March, 1955 201A 



you can depend on 
scrn 

161.0)."11 for 
PRECISION WIRE & RIBBON 

if your product-need is here 

Secon specializes in the development and production of base, 

rare and precious metals and alloys which are supplied bare, 

electroplated or enamelled and in all shapes and forms—to 

close tolerances and for highly engineered applications. Ex-

tremely close tolerances can be held on such important 

characteristics as resistance, tensile strength, elongation, sur-

face appearance, special spooling, purity, torque, linearity, 

composition, cross section, weight per unit length. 

Secon—a complete metallurgical unit at your service. 

Tell us your wire and ribbon problems and we'll gladly 

submit prompt recommendations. Small quantity inquiries and 

orders specially invited. WRITE FOR PAMPHLET P-3. 

fog wherever the 

element calls for PRECISION 

SECON METALS CORPORATION 
7 ! Merv°le Street White Plains, New York 

WHite Plains 9-4757 

send for the 

most widely used 

Electronic Supply Guide 

ALLIED'S 
COMPLETE 308-PAGE 

1955 CATALOG 

We specialize in 
Electronic 
Equipment 
for Research, 
Development, 

Maintenance 
and Production 
Operations 

One complete 
dependable source 
for everything 

in electronics 

your 

• Fine Wire 
drawn to 0.0003" 
diameter. 

• Ribbon 
rolled to 0.0001" in 
thickness 

• Electro-Plated Wire 
and Ribbon 

• Special Solder 
• Enameled and Insu-

lated Wire 
• Firani Gauge Wire 
• Electric Primer, Igni-

tion Wire 
• Galvanometer Sus-

pension Strip 
• Etched Wire 
• Precision Potentio-

meter Wire 
• Transistor Compo-

rents 
• Experimental Melts 

guide to the world's largest stocks of 

ELECTRONIC SUPPLIES FOR INDUSTRY 
Simplify and speed all your electronic supply purchases. 
Order from the world's largest stocks of electron tubes 
(all types), test instruments, audio equipment, elec-
tronic parts (transformers, capacitors, controls, etc.) 
and accessories—everything for industrial and commu-
nications application. Let our expert Industrial supply 
service save you time, effort and money. Send today for 
your FREE copy of the 1955 ALLIED Catalog—the com-
plete up-to-date guide to the world's largest stocks of 
Electronic Supplies for Industrial and Broadcast use. 

ALLIED RADIO 
100 N. Western Ave., Dept. 35-C-5, Chicago 80, III. 

What to See at the 

Radio Engineering Show 

(Continued frcm page 200A) 

HIGH POWER PULSE moomipas 
CUSTOM BUILT MICROWAVE PLUMBING 

PRECISION MICROWAVE TEST EQUIPMENT 

Impedance & Power Measuring Equipment 
Frequency Meters • Klystron Power Supplies 

Spectrum Analyzers • Attenuators 
Accessories 

.t.',:375 MICROWAVE AVENUE 
Kingsbridge Armory 

electrum+ 8 X-Ray Ouiteton 
F-R MACHINE WORKS, INC. 

26-12 BOROUGH PLACE • WOODSIDE 77, N.Y. 

Fairchild Camera and 
Instrument Corp. 

Potentiometer Div. 

618 Circuits Ave. 
Complete line of precision potentiometers— 
linear and nomlinear. Two new multi-turn 
designs (1" ten-turn and 2" three•turn). New 
Rectilinear. The FilmPot, metallic film po-
tentiometer. 

Fairchild Guided Missiles Div. 
"Transistor Dynamic Analyzer — 

Provides complete performance measurements 
for all types of point contact and junction 
transistors. 

*Flexible Decade Amplifier — 
A versatile, lightweight amplifier, having four 
independent sections, each with flat response 
through to the megacycle region. 

592 Components Ave. 
Fairchild Engine & 

Airplane Corp. 

Fairchild Recording Equipment Co., 831, 
833 Audio Ave. 

Professional disk playback equipment-3 speed 
synchronous. Transcription turntable, Arms, 
*new Moving Coil Cartridges. High fidelity 
components—preamplifiers, new power ampli-
fiers. Disk recorders, accessories, specialized 
equipment. 

II Falstrom 

COM PANY C  rt  ps i,  N.J. 

P 

766 & 768 AIRBORNE AVE. 
Aluminum cabinets, frames, & weld-

ments, instrument & control panels & 

consoles, transmitter & power supply 
housings, custom-built fabrication. 

ALSTkOM 

Federal Shock Mount Corp., 778 Air-
borne Ave. 

Unit vibration isolators, shock mounts and 
mounting bases for mobile and airborne equip-
ment. 

Federal Telecommunication Labs, 877-
893 Audio Ave. 

Development of Electronic Equipment, partial-
ly in the fields of Communications, Television 
Broadcasting, Air Navigation, Guided Missiles, 
Semiconductors, Dielectrics, Traveling Wave 
Tubes and Computers. 

• Indicates new product 

(Continued an Page 204A) 
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Sylvania"6 00 Ind Tubes 

99.7proof* ,e4 
0eee 

Best f 

In 

\"'eeni 

SYLVANIA 

et Designers 

MADE IN U.S#5' 

LI 
big ways 

litileied.reve4 .-Arr!t9ffl e-.11," _ . , . .93...e«../IP".fflapiej•Weeitel 

Sylvania pioneered the develop-

ment of "600 ma" series string 

tubes to make possible the cost, 
space and weight saving features 

of series-string TV design. And 

Sylvania gives you these impor-

tant advantages to insure de-

pendable set performance. 

1. Less heater voltage variations 
—as a result of Sylvania's 99.7 proof 
tolerances on heater current, fluc-

tuations in line voltage have less 
harmful effect on heater voltage. 
Steady-state heater voltage distribu-
tion is improved. 

2. Less heater burn-outs—Rated 
heater warm-up time of approxi-
mately 11 seconds provides control 
of thermal characteristics. Voltage 
surges are alleviated. 

3. Less time for normal set opera-
tion—Thermal control permits the 
use of a series resistor instead of a 

In a 15-tube series 
string, analysis proved 
that 99.7% of all 
probable combinations 
of Sylvania types 
operated within 2% of 
the heater-current 
design center. 
Sylvania's tight heater-
current limit is one of 
the most important 
contributions to tube 
performance for series 
string operation. 

thermistor. Receiver reaches normal 
operation in less than half the time. 

4. More uniformity—Because 
Sylvania makes everything but the 
bulb, quality is controlled from raw 
materials straight through to fin-
ished product. 

Get the full story on the use of series-
string tubes in TV sets by writing for this 
handy wall-chart brochure 
on the complete line of 
Sylvania "600 ma" 
tubes. 

All Sylvania TV PICTURE TUBES now have heaters 
specially controlled for series string operation! 

SYLVANIA 
Dept. Gt2P 

Sylvania Electric Products Inc. 
1740 Broadway, New York 19, N. Y. 

In Canada: Sylvania Electric (Canada) Ltd. 
University Tower Bldg.. St. Catherine St. 

Montreal, P. Q. 

1 

LIGHTING • RADIO • ELECTRONICS • TELEVISION • ATOMIC ENERGY 

PROCEEDINGS OF THE I.R.E. 

See Sylvania in Booths 168-170-172 at the 1955 IRE Show 

March, 203 



less 

time 

from , 

•ffe. 

RIGHT PLACE... 

I.E.R.C. has the best answers 
to your equipment failures 

due to tube heat and vibration! 

research 

to 

reality! 

1 /7 

I.E.R.C.'s research, design, development and manufacturing 

facilities are saving time and money — speeding "top level" 

projects into production for many leading electronic 

equipment firms. 

For these achievements, I.E.R.C. is recognized as the finest 

source for effectively solving electron tube heat and 

vibration problems— the major cause of short tube life and 

other heat-vibration affected failures in electronic and 

electro-mechanical equipment. 

Prevent future failures TODAY by calling I.E.R.C. or a convenient 

I.E.R.C. engineering representative nearest you! 

Internationai'l, 

 4 

WRITE FOR LITERATURE 
177 W. Magnolia Boulevard 

Burbank, California 

ELECTRONIC RESEARCH CORPORATION 

CONTACT THESE I E R C. 
ENGINEERING REPRESENTATIVES, 

HOLLIDAY-RATHAWAY, INC. 
Carnbr ,dge, Moss. 

WILLIAM JONES 
Baltimore, Maryland 

MAGNUSON ASSOCIATES 
Chicago, Illinois 

G. S. MARSHALL CO. 
Pasadena, California 

G. S. MARSHALL CO. 
Redwood City, Calif. 

THE MORT REED CO. 
Rosh , New York 

B. TAYLOR CO. 
Rockville Centre, N.Y. 

THOMSON ENG. SERVICE 
tort Worth. Texas 

research • design • development • prototypes • manufacturing 

What to See at the 

Radio Engineering Show 

(Continued from page 202A) 

Federal Telephone and 
Radio Company 

Division of IT & T 

877-893 Audio Ave. 
Microwave, Carrier Systems, Mobile 

Radio, Measuring-Testing Equipment, 
Vacuum Tubes, Coaxial Cable, Hook-up 
Wire, Transformers, DC Power Supplies, 

Dial Intercom, and Selenium, Silicon and 
Germanium Rectifiers. 

Feedback Controls, Inc., 43 Palace 
Industrial and military analog systems. Pack-
aged servos and servo components including 
magnetic, electronic amplifiers, precision gear 
trains and output gearing and assemblies—digi-
tizers, digital voltmeters. 

Felsenthal & Sons Inc., G., 22 Palace 
Edge- lighted panels, MIL P-7788 approved 
source, authorized Bureau of Standards light 
testing laboratory. Fabricated and injection 
molded plastics. Dials, knobs, nameplates, cases 
and components in plastic. 

Felts Corp., 679 Circuits Ave. 
See Microdot Division. 

Ferranti Electric, Inc., 24 Palace 
Introducing miniature rapid access Magnetic 
Memory Drum and Integrated Microwave Test 
Set. Also showing High Speed Photoelectric 
Tape Reader, Electrostatic Voltmeters, and 
Hermetically Sealed Transformers. 

Ferris Instrument Co., 265-271 Instru-
ments Ave. 

°Hinge Type Ultra High Frequency Tuner. 
Battery Powered Field Strength Generator for 
Checking Loop Receivers and Field Strength 
Meters. 

Ferroxcube Corp of America, 340 Com-
puter Ave. 

Manufacturers of magnetic core materials, 
memory rings, yoke rings, shielding beads, 
tuning slugs, recording heads, toroids, and 
•Magnadur—the new permanent magnet ma-
terial. 

FILTORS RELAYS 
SUBMINIATURE • RUGGED 

LIGHTWEIGHT 
840 AUDIO AVE. 

SEE THE 

7eadeee! 
FILTORS, INC. 

PORT WASHINGTON, L. I., N. Y. 

FLUSHING, L. I., N. Y. 

BOOTH 649 
CIRCUITS AVE. 

RF INTERFERENCE FILTERS 

*Indicates new product 

(Continued on page 206A) 
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II 111111111 I 
III in   'LIKE THE GREAT I_ m mil 

ELECTROFEICS 6 
INDUSTRY 1 

I 
I 

• 
See Us at the 

1.R.E. SHOW 

Booth 821 
Audio Avenue 

too has GROWN! 

In the past decade, our organization has 
developed extensive know-how and experience in the 

service of the ARMED FORCES, and others, in the DESIGN— 

DEVELOPMENT—and MANUFACTURE of specialized ELEC-
TRONIC and ELECTRO-MECHANICAL EQUIPMENT in the 

fields of: 
• AIRBORNE NAVIGATIONAL EQUIPMENT 
e COMMUNICATIONS SYSTEMS 
• RADAR EQUIPMENT 
e TEST EQUIPMENT 

Our coordinate engineering and manufac-

turing facilities are at your disposal. 

LORAL has delivered annually many millions 

of dollars of ELEC-RONIC EQUIPMENT 

. . . . ,1912/,4n'e./ 
• Write for Facilities Brochure Dept. t-3 

LORAL ELECTRONICS CORPORATION 
794 EAST 140th STREET • NEW YORK 54, N. Y. 

PROCEEDINGS OF THE March, 1955 205A 



See us 
at 

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 

West Coast Representatives TUBERGEN ASSOCIATES 2D2 W. 11th St., Los Angeles 6, Calif. 

Radio Engineering Show 
MARCH 21-24, 1955 

Kingsbridge Armory 

New York City 

Leading Manufacturer 

of MASTER TV SYSTEMS 

Is expanding its 

Research and Production 

to include Industrial 

TV Systems and other 

New Developments 

in VHF and UHF 

1.111 BLONDER-TONGUE LABORATORIES, INC. 
WESTFIELD, NEW JERSEY 

AMPLIFIERS 

DISTRIBUTION UNITS 

CONVERTERS 

BOOSTERS 

IMPEDANCE MATCHING 
DEVICES AND OTHER 
TV ACCESSORIES 

Visit the B-T Exhibit 
at the IRE Show 

BOOTH 614 

CIRCUITS AVENUE' 

near Radar Road 

What to See at the 

Radio Engineering Show 

(Continued from page 204A) 

Finn & Co., Inc., T. R., 421 Electronic 
Ave. 

Vibration and shock control equipment—mount-
ing bases for airborne electronic equipment— 
shipboard, mobile & industrial shock & vibra-
tion mounts—packaging of electronic equip-
ment. 

FORD 
FORD    COM PANYINSTRUME N T 

Division of The Sperry Corp. 

LONG ISLAND CITY 1, N. Y. 

744 Airbonni Amami at Radio Road 

Control systems and computers for the 
military and industry—plus servos, syn-
chros, computing cams. integrators, re-
solvers, and other precision components. 

Formica Company, 835, 837 Audio Ave. 
Special laminated plastic sheets, tubes, rods, 
and molded, postformed and fabricated parts 
for electronics industries . . . including the 
*FORMICA Q-125 flame and arc quenching 
grade. 

Freed Transformer Co., Inc. 
Booths 522, 524 Components Ave. 

Power and Communications Com-
ponents for Military and Com-
mercial • Applicatiors. Precision 
Laboratory and Production Test 
Equipment. Pulse Transformers. 
Magnetic Amplifiers. High "Q" 
Toroidal Inductors. Filters and 
Discriminators. 

Frequency Standards 

332 Computer Ave. 

Frequency meters — precision 

machined components. 

Furst Electronics 
Chicago 25,111. 

416 Electronic Ave. 

l'ower Supplies, DC Amplifiers, 
Wow Meter and Laboratory 
Instruments. 

Fusite Corp., 824 Audio Ave. 
Introducing *"T.P." terminals with V-24 Glass 
for glass to steel hermetic terminal applica-
tions. Available in multiples, singles, stand-
offs and threaded bushing type terminals. 

*Indicates new product 

206A 

(Continued on page 210A) 
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11 ow Lewyt engineering licked a 
10,000 rpm stumbling block to 

mass-produce radar test equipment! 

Before the TS-452 Signal Generator existed, technicians had 
to check the frequency response of radar system networks with a 
point-by-point plot of frequency amplitude curves. 

Each plot took as much as 30 minutes. Checking and readjustment 
were long, tedious jobs. 

To overcome these problems, specifications were drawn up for a 
Sweep Signal Generator that would permit an instantaneous 
check of frequency response. However, two major problems 
presented themselves: 

1. A motor-driven variable capacitor had to be designed that would 
rotate up to 10,000 rpm. The best obtainable could operate at only 
500 rpm. Some flew apart in minutes, some in a few hours. 

2. A highly accurate push-button RF attenuator was also 
required. It had to be of such range and accuracy that the 
specification requirements could not be met by existing 
measurement techniques. 

At this point, Lewyt engineering went to work. The resulting 
TS-452 C/U has since become a "must" for maintenance of all 
Armed Forces radar installations. With it, technicians can 
make and observe corrections in split seconds! 

LEIAtIFT 
To make this possible, Lewyt designed a motor-driven variable 
capacitor that rotated at 10,000 rpm for several hundred hours 
without a quiver—maintaining its electrical calibration at all speeds. 
It is probably the world's fastest rotating variable capacitor! 

Lewyt also developed a high precision attenuator with an accuracy 
over the frequency range not attained before. New techniques and 
standards for testing it had to be devised by the Bureau of Standards! 

In addition, Lewyt engineering designed the unit with 
functional sub-assemblies, simplified circuitry and controls, a 
minimum of components—all making for easier maintenance 
and trouble-free performance. 

Another challenging job successfully completed—one of many 
in Lewyt's 66 years of engineering and manufacturing for 
Government and Industry. 

Visit us at 

116 
Television Ave. 

Radio Engineering 
Show 

Ltuyt-manufactured 
Motor-dri,en \iamble 

Capultor 

Leu,rmanufactur...1 
TS-452 C/U Sweep Signal 

Radar Teng Equipment 

leuryt.manufacturtd 
Puth-buuon RF 

AttenualOr 

LEWYT . . . Manufacturer of Electronic and Electro-Mechanical Equipment Since 1888 
LEWYT MANUFACTURING CORPORATION, BROOKLYN 11, NEW YORK 
PROCEEDINGS OF THE I.R.E. March, 1955 207 



SPECIALIST IN HIGH 

TEIYIPERATURE fINSULAT10N 

.4.e"'"eser 

4e/ 

Manufacturers of: 

TEMPRITE Teflon Magnet Wire, sizes 14 to 50 AWG, 

single heavy, triple, or quad. thickness. 

TEMPRITE X Special Teflon magnet wire for severe 

applications. 

NON RIGID FLEXIBLE TEFLON TUBING Sizes 10 to 

26, solid colors and spiral striped combinations. Both 

tape wrapped and extruded. 

TEMPRENE Teflon hook-up wire, sizes 14 to 30 AWG. 

Two and three- color striped combinations plus ten 

solid colors. Made to meet MIL-W-T6878A(E). 

TEMPREX Teflon extruded hook-up wire, sizes 10 to 

26 AWG, in both striped and solid colors—conforms 

to MIL-W-16878A(E and EE). 

TEMPCLAD Teflon insulated lead wire with teflon 

impregnated outer glass fibre covering. 

Sizes 8-30 AWG. 

RETEP Teflon saturated glass braid lead wire. Low 

cost, low voltage, push back type Sizes 14 to 30 AWG. 

NEBROC' Teflon glass fibre cord ; tape and thread. 

Developed especially for coil and harness tyirg. 

TEMPTUBE Teflon glass fibre -. Ieeving, sizes up to 

s'. ID., colors available. 

All Teflon products are rated -' cir continuous oper-

ation from —90°C to + 260°C, have excellent 

dielectric strength, and are impervious to all 

commercial solvents. 

All colors conform to MIL Std. 1C4. 

HITEMP WIRES, INC. • 26 WTDSOR AVENUE, MINEOLA, NEW YORK 

Visit our Booth 609 Circuits Avenue at the IRE Show 
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STKPOL 
A" FIXED COMPOSITION CAPACITORS 
...for all low capacity requirements 

Starkpole "GA" fixed composition capacitors represent the simplest, 

most inexpensive capacitor design ever produced-and their operating 

stability is more than ample for the great majority of applications. 

Pioneered by Stackpole, these sturdy little units are now available 

in an expanded range of values from 0.10 to 10.0 tf-all with stand-

ard RETMA 3 or 4 band color code. Insulated bodies, dielectrics and 

electrodes are integrally molded for maximum stability and dura-

bility. Leads are securely anchored and treated for easy soldering. 

Electronic Components Division 

STACKPOLE CARBON COMPANY, St. Marys, Pa. 

CHOOSE IeuM THESE 
Capacity in elj.if 

Standard Values ln 

20% 

.10 

.15 

.22 

.33 

.47 

.68 

1.0 

.22 

.27 

.33 

.39 

.47 

.56 

.68 

.82 

1.0 

5% 

.20 

.22 

.24 

.27 

.30 

.33 

.36 

.39 

.43 

.47 

.51 

.56 

.62 

.68 

.75 

.82 

.91 

1.0 

1.1 

1st 

Brown 

Brown 

Brown 

Brown 

Red 

Red 

Red 

Red 

Orange 

Orange 

Orange 

Orange 

Yellow 

Yellow 

Green 

Green 

Blue 

Blue 

Violet 

Gray 

White 

Brown 

Brown 

Color Bands 

2nd 

Black 

Red 

Green 

Gray 

Black 

Red 

Yellow 

Violet 

Black 

Orange 

Blue 

White 

Orange 

Violet 

Brown 

Blue 

Red 

Gray 

Green 

Red 

Brown 

Black 

Brown 

TOLERANCE 
Color Code 

CAPACITIES CAPACITIES 
0.1 to 10.0 gmf 10.0 ppf & over 

3rd 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

Gray 

White 

White 

20% -none 

10 %, -Silver 
-Gold 

20 % -Black 
10 % -White 
5% -Green 

Max. 
Dim. 
"A" 

RETMA VALUES... 
Capacity in Ckaf 

Standard Values in 

20% 

.330 

.330 

.330 1.5 

.330 

.330 

.330 

.330 2.2 

.330 

.330 

.330 

.330 3.3 

.330 

.330 

.330 

.330 4.7 

.330 

.330 

.330 

.330 6.8 

.330 

.330 

.330 

.330 10.0 

10% 

1.2 

1.5 

1.8 

2.2 

2.7 

3.3 

3.9 

4.7 

5.6 

6.8 

8.2 

10.0 

5% 

1.2 

1.3 

1.5 

1.6 

1.8 

2.0 

2.2 

2.4 

2.7 

3.0 

3.3 

3.6 

3.9 

4.3 

4.7 

5.1 

5.6 

6.2 

6.8 

7.5 

8.2 

9.1 

10.0 

lit 

Brown 

Brown 

Brown 

Brown 

Brown 

Red 

Red 

Red 

Red 

Orange 

Orange 

Orange 

Orange 

Yellow 

Yellow 

Green 

Green 

Blue 

Blue 

Violet 

Gray 

White 

Brown 

Color Bands 

2nd 

Red 

Orange 

Green 

Blue 

Gray 

Black 

Red 

Yellow 

Violet 

Black 

Orange 

Blue 

White 

Orange 

Violet 

Brown 

Blue 

Red 

Gray 

Green 

Red 

Brown 

Black 

3rd 

White 

White 

White 

White 

White 

White 

White 

White 

White 

White 

White 

White 

White 

White 

White 

White 

White 

White 

White 

White 

White 

White 

Black 

COLOR CODE AND DIMENSIONS 
2ND SIGNIFICANT FIGURE  MULTIPLIER 

1ST SIGNIFICANT FIGURE TOLERANCE BAND, 
IF USED 

LEADS- 2O Oft v21 TINNED COPPER WIRE 

Max. 
Dim. 

.330 

.330 

.330 

.330 

.290 

.2901 

.230 

.230 

.230 

.230 

.210 

.210 

.210 

.210 

.180 

.180 

.250 

.250 

.250 

.220 

.220 

.220 

.180 
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Write for List of Products 

SPECIALISTS 
• Military or special yokes and focus coils designed to your specifications. 

• Production yokes for TV sets. 

For your answer to yoke problems write Dr. Henry Marcy today. 

s ntronlc 
INSTRUMENTS, INC. 

100 Industrial Road • Addison, Ill. • Phone: Terrace 4-6103 

IRIDIUM vs. RHODIUM IRIDIUM 
THERMOCOUPLE WIRE 

The only thermocouple material which 

may be used at these very .high tem-

peratures in an oxidizing atmosphere 

Ductile wire made possible by high' 

purity and our advanced welting and 

drawing techniques. 

Output: Over 10 milivolts at 3700 ° F 
Uniform • Reproducible 

SIGMUND COHN CORP. melaiturgists and Producers of Small Wire 
121 South Columbus Avenue • Mount Vernon, N. Y. 

What to See at the 

Radio Engineering Show 

(Continued from page 206A) 

G-M Laboratories, Inc., 61 Palace 
Fast, flexible service on servo motors and 
motor generators for 400 and 60 cycle applica-
tions, including geared motors, hysteresis. 
synchronous motors, and permanent magnet 
generators. 

Gabriel Electronics Division, The Gab-
riel Laboratories, 193, 195 Television 
Ave. 

02000 mc and 4000 mc microwave antennas; 
*Corner reflectors; *Mobile communications an-
tennas; *offset microwave antenna for 2000 mc; 
*radar antennas (scale models). 

The Gamewell Company, 716 Airborne 
Ave. 

Precision potentiometers. Linear and sinu-
soidal complete series of plastic and metal 
housed potentiometers from %'" diameter to 
5". New miniature sinusoidal unit on display. 

Garfield Wire Division 
Overlakes Corporation 

45 Palace 

Enamel Magnet Wire to close toler-
ances. Single and hare and Tinned 
Wires. Bunched and Concentric bare 
and tinned wires. Specifications held 
closer than NEMA. 

Gates Radio Company, 157-165 Tele-
vision Ave. 

°Power saver 5 kw high fidelity transmitter— 
self contained. 100 watt VHF TV Transmitter 
and Antenna. *Modern design audio control 
console. *Streamlined high fidelity 1 kw Trans-
mitter. Assemblies and group displays for TV, 
Broadcast and Communications. 

General Communication Co., 724 Air-
borne Ave. 

Coaxial Switches, Radar Test Equipment, 
Radar Beacons. 

General Dry Batteries, Inc. 

388 Microwave Ave. 

Mercury Batteries for electronic and transis. 

tor applications requiring constant voltage, 

low impedance source. Also a complete line 

of carbon-zinc radio and industrial batteries. 

G-E APPARATUS DEPARTMENT 

174-180 TELEVISION AVENUE 

• Capacitors 
• Rectifiers 
• Soldering Irons 
• Aircraft Relays 

• Molecular Vacuum Gage 
• Ther roccuple Vacuum Gage 
• Spec.rophotometer 
• Leak Detector 

Fhogress is Our Most important laoduct 

GENERAL e ELECTRIC 
*Indicates new product 

(Continued on page 212A) 

Show Hours: Monday 10 AM-10 PM 
Tuesday 10 AM-10 PM 

Wednesday 10 AM- 5 PM 
Thu-sday 10 AM- 10 PM 

210A WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE I.R.E. March, 1955 



ELECTRt.• fee 

SLIP RING 

ASSEMBLIES 

for ha gh 

PleAT. NO 
2,696.570 

.....,••••••••••••••• 

Dual purpose 
assembly com-

bining "V" grooved signal cir-
cuits and wide power rings. 

temp 
HARD 
GOLD RINGS! 

At the I.R.E. SHOW! 
BOOTHS 7133, 135 TELEVISION AVENUE 

Kingsbridge Armory, New York City 

March 21-24, 1955 

HIGH TEMP PLASTIC! 

NEW ETC-7 (POLYESTER RESINi 
USED ON ILLUSTRATED PART FOR 
HIGH TEMPERATURE OPERATION 

aPPlic 
24 KT. SOLID GOLD RINGS — 
ENTIRE RING THICKNESS ELEC-
TRODEPOSITED* UNIFORM 
HARDNESS, 90 to 100 BRINELL. 

ations! 
COURTESY LEAR, INC. 
— these two features were incorporated in 
the assembly illustrated above, having 45 
rings, dia. . 180", ring width .020", barrier 
width .010". Overall length, less leads 1.763. 

Lectro Tec Corp., in its constant endeavor 
to keep pace with the most exacting 

requirements, has developed these new 
processes and products. They provide 

flawless performance under conditions far 
exceeding the capabilities of other types 
of construction. Where high temperature 

is involved, the superiority of these 
assemblies is so marked, that acceptance 
has been industry-wide. At the same time, 

an increasing number of users are 
specifying these assemblies for the 

ultimate in dependability under normal 
operating conditions. Inquiries will 

receive prompt attention; no obligation. 

72 rings on integral support — no accumulated tolerances — 
fulfills electrical, minimum weight and space requirements. 

Miniature high 
speed sampling 

switch — 2A channels. 

Combining 
low friction torque 

slip rings (.060 dia.) with ref-
erence switch segments. 

NEW ETC-7 (POLYESTER RESIN) WITHSTANDS TEMPERATURE RA GE FROM —60° to + 500°F. 

PRODUCTS OF PRECISION CRAFTSMANSHIP 
SY A NEW AND REVOLUTIONARY PROCESS 

ELECTRO TEC 
CORP. 
SOUTH HACKENSACK, NEW JERSEY 
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NEW STANDARD OF PROFESSIONAL TAPE RECORDING 

Now 

for the 

first time 

... a professional tape recorder that offers both 

MAXIMUM OPERATING CONVENIENCE 

plus UNMATCHED DEPENDABILITY 

Dynacord is engineered to exceed the rigid 
requirements of broadcast stations, sound studios, 
industry and government. Its wide dynamic 
range and many convenient operating features amaze 
engineers and audiophiles alike. Compare 
it in every way with any other professional tape 
recorder and see why Dynacord sets 
the new standard of professional recording. 

Model DTM Tape Transport Mechanism, $395. 
Model DP-100 Broadcast Amplifier, $150. 
Model DS-10 Audiophile Amplifier, $90. 

Write for 

details and 

bulletin 

Exclusive 2-speed, inside-out Hysteresis synchronous 
motor. Direct capstan drive. 

Exclusive dynamic braking, fast, positive, fool-proof. 
Frequency Response: 30-15,000 CPS at 15 in./sec. ± 2DB 
Signal to Noise Ratio: better than 55 DB 

THE PENTRON CORPORATION 
783 South Tripp Avenue, Chicago 24, Illinois, Dept. IRE- 3 

Canada: Atlas Radio Corp., Ltd., Toronto 

Hear the ALL-ELECTRONIC ORCHESTRA 

Kingsbridge Armory • Booth 856 Audio A ,,enue 

What to See at the 

Radio Engineering Show 

(Continued from page 2104) 

General Electric Company 

Commercial Equip. Dept. 

174-196 Television Ave. 

Print Wire circuit boards, ferrites, resistor 
capacitor networks, distributed constant delay 
lines and delay sticks, Kov-Les power resistors 
and precision formed and stamped metal 
parts. Transistors, rectifiers, diodes, oscillo-
scopes, sweep and marker generators, color 
bar generators, power supplies. 

1 

DI1111111111111111111111111111111111111111111111111111111111111 I 11'111111111141111111111111111111111111111111111111111111 

E 
E 

E 

General Electric Co. 

Germanium Products Dept. 

174-196 Television Ave. 

Transistors, rectifiers, diodes. Tran-
sistor tester, oscilloscopes, sweep 
generator, marker generator, diode 
tester. E 

piiiiiimmunummumuommumminiimmaiummamumuumumminummummuniz 

General Electric Co., Laminated & In-
sulating Prods. Dept., Chemical & 
Metallurgical Div., 174-196 Television 
Ave. 

Don't miss the G-E Text°lite Laminates Ex-
hibit featuring five new Punching Grade Phe-
nolic Laminates at a new low cost and with 
extreme ease of fabrication. 

General Electric Co., Lamp Div., 174-
196 Television Ave. 

Pure Tungsten & Molybdenum Products. Phos-
phorus, Fluxes, Rubber Tubing & Parts. Lead 
Wires, Dumet Wire, Fabricated Parts. Fused 
Quartz Products. Miniature Lamps. 

_. .-
p_. General Electric Co. -g 
E E 
.-. Tube Department . à = ==  
p.- 174-196 Television Ave. -.,. = _ . 
E INDUSTRIAL & TRANSMITTING TYPES— g 
F *4000 MC. metal-ceramic medium-mu triode, -.2 
E plus wide range other high-power metal- E--"--= 
-z- ceramic tubes. Magnetrons and Klystrons. È. 
-.2 RECEIVING TYPES—'Computer tubes, p 
g series.string receiving tubes and high•relia- g 
f bility types. CATHODE-RAY TYPES— E--
E- *Single-layer, single amponent phosphors, .-#:.' 
--7-. 'techniques for depositing phosphors in any ..%.. 
-E" configurations on face-plates. E _ 
-.11111a1111111011111111111111IIIIIIIIMIIIMMOViiiiIIIIMIIIIIIIIIniiillnIMIIIMilliiiiie 

General Electric Co., Ltd. of England, 
97 Palace 

Two products that are unique in the U.S.A.: 
G.E.C. Bothway Uniselectors, and G.E.C. Ten-
sion Gauges. Also the G.E.C. Relays and the 
Wharf Engineering Laboratories' Magnetic 
Storage Drums. 

General Hermetic Sealing 

Corp., 803 Audio Ave. 

Your assemblies inert-gas filled. — 
Mass Spectrometer Leak Testing — 
Manufacturers of non-destructive, 
high-potential test sets and herme-
tronic K-W panel-sealed toggle 
switches. 

"Indicates new product 

(Continued oa page 214A) 
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Highest Microwave Power 
Absorption .. Smallest Size 
a. Lowest Weight.. 

Model X4062 

No Cooling Fins Required 

In laboratory, in field testing, in production — 
wherever extremely high microwave power is 
used—Bogart VHP* Dummy Loads d the job of 
much larger and heavier units. Even at the 'Full 
peak power rating of rigid waveguides, no cool-
ing fins are recuired. 

Negligibie Moisture Absorption 

The lossy material is uniquely designed to pre-
sent a minimum reflection coefficient, while per-
mitting only negligible absorption of moisture. 

VISIT US at the Show, 
Booth 379, Microwave Ave., 
Kingsb-idge Armory 

BOGART 

DUMMY 
LOADS 

Lightweight, Heat Resistant 

All-Aluminum construction and black enamel fin-
ish help reduce weight and resist heat. All models 
are available with eittler choke or cover flanges. 

Special Applicafions 

'We invite your engineers to consult with our own 
staff. We will be pleased to discuss your particu-
lar problems with you, without any obligation on 
your part. Write today. 
*Vcr f H gh Power! 

MODEL 
NO. 

MAX. PE» 
FREQUENCY POWER 

RA:VGE WIEGA-
(KeC/S) WATTS) 

MAX. 
AVERAGE APPROX. 
POWER MAXIMUM LENGTH WIDTH HEIGHT WEIGHT WAVEGUIDE 
(WATTS) VSWR ( INCHES) ( INCHES) ( INCHES) (LBS.) AN TYPE 

X4062 8.20-12.4 0.29 

B4062 7.05-10.0 0.46 
C4062 5.85-8.20 0.71 
H4062 3.95-5.85 2.0 
84062 2.60-3.95 3.2 
14062 1.12-1.70 17.2 

750 
850 
1000 
2000 
2500 
4000 

1.10 43/4 

1.10 53/4 
1.10 61/4 
1.10 91/2 
1.10 133/4 
1.10 30 

11/4 11/2 3/4 RG-52/U 

11/4 13/4 1 RG-51/11 
11/2 21/4 13/4 RG-50/U 
13/4 23/4 3 RG-49/U 
21/4 33/4 61/2 RG-48/U 
43/4 8 48 RG-69/11 

Above data subject to change without notice. 

BOGART MANUFACTURING CORPORATION 

315 Seigel Street 

serving the electronics irdustry since 1442 

Brooklyn 6, New York 

design • development • production 
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features 

EASIER! FASTER! BETTER! 
-.1011111pP 

44> 

• No sharp outside edges 
to cut wire 

• Has full rigidity and 
physical strength 

• Permits winding coils 
to closer tolerances 

• No need for wedges to 
tighten wire 

• Allows foster stacking 
of wound coils 

NEW"PARAFORMED"PAPER TUBES 
MAKE YOUR COIL WINDING  

FLAT 

WALLS 

SHARP 

SQUARE 

INSIDE 

CORNERS 

SMALL 

OUTSIDE 

CORNER 

RADIUS 

SPIRAL WOUND 
NOT DIE FORMED 

ANY SIZE—SQUARE OR RECTANGULAR 
Entirely new technique in tube making developed 
and perfected by PARAMOUNT now for the first 
time solves many coil winding problems, yet costs 
you no more! Hi-Dielectric. Hi-Strength. Kraft, 
Fish Paper, Acetate, Red Rope or any combination 
wound on automatic machines. Produced from 
stock arbors Ir special sizes engineered for you. 
Write on Company letterhead for Stock Arbor List of over 2000 sizes 

PARAMOUNT PAPER TUBE CORP. 
618 LAFAYETTE STREET, FORT WAYNE 2, INDIANA 

Manufacturers of Paper Tubing for the Electrical Industry Since 1931 

VISIT BOOTH NO. 806 
(AUDIO AVENUE) 

• EDGE-UGHTED PANELS 
• METAL DIALS, PANELS and NAMEPLATES 
• ISOTOPE ACTIVATED LIGHT SOURCES 
• RADIATION SOURCES including Isotopes, 

Radium, Ra D, and Polonium 

• LUMINESCENT MATERIALS 
• TV PHOSPHORS 

Literature on above items available at booth, 

or on request by mail — address Dept. PR-3 

UNITED STATES RADIUM CORPORATION 
Eastern Sakes Office-535 Pearl St., New York 7, N.Y. 

Western Sales Office-5420 Vineland Ave., N. Hollywood, Cal. 

Plants and Laboratories at— 

Bloomsburg, Pa., Whippany, N.J. Bernardsville, N. J., North Hollywood, Cal. 

What to See at the 

Radio Engineering Show 

(Continued from page 212.4) 

General Instrument Corp., 355 Micro-
wave Ave. 

'VHF Tuners, *UHF 1 uners and Combination 
Tuners. *Color Deflection Components. *Black 
and White Deflection Components. Delay Lines 
—IF. Transformers—All types of Inductance 
Coils. 

111
111

111
111
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111
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111
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111
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111
1I 
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General Precision Lab., Inc. 

152, 154 Television Ave. 

Precision TV TV Cameras for Industrial Systems 

application featuring high resolution at low 

light levels—Professional Projection TV Sys. 

terns for Closed Circua and "Off-the-air" use 

in hotels, hospital., dubs, etc. 

GENERAL RADIO CO. 
0 40 YEARS OF PRECISION 

INSTRUMENT MANUFACTURE 

See our new 970-series potentiometers and many 
new laboratory instruments, including three sweep 
drives for oscillators, signal generators, and slotted 
lines—an r-f bridge—a Universal ZY bridge that 
measures any impedance from zero to infinity—new 
900-2000 Mc oscillator—,6 kva voltage regulator— 
pulse genera tor—u-h-f detector. 

Booths 251-253-255 INSC:UMEner RNTdS..ARVENdUE 

General Transformer Company, 359 Mi-
crowave Ave. 

Transformers satisfy power, audio, specialty 
requirements for commercial, industrial, mili-
tary applications. 'Introducing new catalog in-
corporating unique method of ordering custom 
transformers. 

Gera Corporation, 474, 476, 478 Elec-
tronic Ave. 

See Chatham Electronics 

SEE THE NEW 

HIGH TEMPERATURE 
N-P-N GROWN JUNCTION 

TRANSISTORS 

at Booth 419 

RADIO DEVELOPMENT RESEARCH CORP. 

26 CORNELISON AVENUE - JERSEY CITY 4, NEW JERSEY 

PRODUCTS 
CORPORATION 

Gernsback Publications, 452 Electronic 
Ave. 

See Radio-Electronics 

Gertsch Products, Inc., 204 Instruments 
Ave. 

Frequency Meters, *LP'. HF, VHF. UHF and 
Microwave. AC Ratio Transformers (Precision 
AC Voltage Dividers). Frequency Standards. 
Peak Reading Wide Band Voltmeters. Half 
Octave Filters. 

Giannini & Co., Inc., G. M., 117, 119 Tele-
vision Ave. 

Airborne Instruments & Controls—accelero-
meters, aeroheads, gyros, pressure transmitters. 
Digital Instruments—digital data handling 
systems, shaft position digitizers, Electro-
mechanical products—potentiometers, stepping 
motors, magseal relays, pressure switches, 
switching commutator. 

'Indicates new product 

(Continued on page 216.4) 
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radio 
began 

here... 

Here is the original miracle upon 
which all wireless telephony is founded... 
Lee de Forest's Audion tube. 

Today of course it has been improved a 
thousand-fold ... in sensitivity, in power, in range. 
But this one still stands as the granddaddy 
of them all. 

And what has this to do with Driver-Harris? 
Simply this: 

The improvements on the Audion have come about 
through the combined efforts of thousands of devoted 
physicists, metallurgists, and engineers, 
whose increasing skills have in turn been made 
possible by the production of ever more effective radio 
alloys. Since the very beginnings of radio. 
the Driver-Harris metallurgists have led the way in 
developing these special-purpose alloys conforming to 
rigid specifications, upon which the performance 
of electron tubes so largely depends. 

With the result that today Driver-Harris sells 
annually more tons of radio alloys to the makers of 
electron tubes than does any other supplier. 

Driver-Harris makes alloys for every electronic 
tube requirement: for grids, plates, side rods, glass 

seals, cathode sleeves and tabs, socket p:ongs, 
mica straps. We offer over 80 electrical heat- and 
corrosion- resistant alloys for various electrical 
and electronic applications. 

If the allay you need hasn't already been 
developed, send us your specifications. Our engineers 
with 48 years of experience are at your service. 

The Audion electron tube, invented 
by Lee de Forest in 1906 

Sole 
producers 

of world-famous 
Nichrome 

WORE 11111MUNENT DRIVER-HARRIS RADIO ALLOYS: Nichrome* • Grid 'lc* • Nickel "A", "D", "e", "r*„ 
330, 499, 599 • Therlz* • 15? Alloy • 14? Alloy • 146 Alloy 

Driver-Harris Company HARRISON, NEW JERSEY 

*T. M. R•g. U. S. Pot Off. 

BRANCHES: Chicago, Detrcit, Cleveland, Louisville, Los Angeles, Son Francisco 

In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario. 

MAKERS OF TIE »ST COMPLETE LINE e FELECTRICus  ece  6 it» A g5i;c: En gineering Show ELECTRONIC ALL3YS IN THE WORLD 
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for direct measurement 

of electrical, mechanical 

or optical events 

DS-6100•T 
FREQUENCY COUNTER 
New Low Cost! 

New Light Weight! 

A compact precision frequency 

counter designed for direct measurement 

of any e ectrical, mechanical or 

optical phenomena which can be 

converted into a varying voltage. Reads 

out in direct digital form requiring 

n3 interpolation or reference to 

curves or tables. The all new 

OS-6100-T is ideal for use by skilled 

or unskilled personnel. Price $ 700.00 

EXCLUSIVE FEATURES 

at no extra cost ... 

TEN CYCLE GATE 
increases accuracy of periad meastrement 

MULTI-SAMPLING 
manually scans the unknown frequency for 

any multiple of the time base 
for greater accuracy 

BATCH COUNTING 

NEW, IMPROVED SENSITIVITY 

THE 

'Trade Mark 

new ssm,,AEL,L 

EXCELLENT LOW FREQUENCY ACCURACY 

The new DS-6100-T has an accuracy 
of -4- 10 microseconds over the 
frequency range of 1 to 10,000 events 
per second. In addition, frequencies 
of 10,000 to 100,000 events per 
second can be measured with an 
accuracy of ± one count -1- one part 
in 100,000 ( one part in 1,000,000 
with crystal oven). 

SPECIFICATIONS 

FREQUENCY MEASUREMENT 
• Frequency Range-10-100,000 cycles 
per second 

• Input Sensitivity-
0.1 volt RMS: 20-100,000 cps 
0.25 volt RMS: 10-20 cps 

• Accuracy—± 1 count ± stability 
• Time Base-1 second (0.1 and 10 
seconds optional) 

• Read-Out—Cycles per second: 
Five digits 

PERIOD MEASUREMENT 

• Frequency Range-1-10,000 cycles 
per second 

• Input Sensitivity-0.1 volt RMS 
• Accuracy—± 10 microseconds 
• Gate Time-1 and 10 cycles of un-
known frequency. May be increased 
by multi-sampling (only below 
5 cycles per second). 

• Read-Out—Tens of microseconds 

GENERAL 

• Stability-1 part in 100,000 
(1 part in 1,000,000 with crystal oven) 

• Display Time—Automatic: continu-
ously variable from 1 to 10 seconds. 

Manual: until reset 
• Input Impedance-0.5 meg., 0.05 mf 
• Power Requirements-117 volts 
10%, 50-60 cycles ( 50-400 cycles 
optional): 150 watts 

• Dimensions-14 1/2 " wide x 71/2 " high x 
13½ deep 

• Weight-28 lbs. net ( approximately) 

VISIT US IN 

BOOTH 39- IRE Show 
KIngsbridge Palace, N.Y.C. . 

CORP. 
COMPUTER-MEASUREMENTS DIVISION 

5528 Vineland, North Hollywood, Calif. Dept. 86-E 

TECHNICAL 
REPRESENTATIVES: 
NEW ENGLAND 
Electronic. Associates. One. 
Stamford, Conn.—ST. 4-7350 

ILLINOIS. INDIANA. 
BO. WISCONSIN 
Warren B. consens 
Evanston. III —DA. 8-4800 

NEW YORK & 
NO. NEW JERSEY 
Gerard G. Leeds Company 
Grim Ne. N.Y—HO. 2-7784 

SO. NEW JERSEY de 
EAST PENNSYLVANIA 
Louis A. Garten & Associates 
Montclair. N.J.—MO. 3-0257 

MARYLAND. D.C.. VIRGINIA. 
. 

S. S. Lee Associate. 
Washington. D.C.—EM. 2-8626 
Branch: 
Baltimore 29. Md.—AR. 3742 

OHIO. SO. MICH., 
W. YIN_ W. PA. 
Michael J. Cudahy 
Chicago 40. III—SU. 4-5858 

WASH.. ORE., W. IDAHO 
& MONTANA 
Testro 
Seattle ti. Wash —MO. 4895 

,C,ALIATZNIA. ARIZONA. 

Koessler Sales Co 
Los Angeles 38. Calf—YO. 6271 
Brunch: San Francisco 18. Calif. 
JO. 7-0622 

MINN.. NO. WIS. NO. MICH.. 
NO. & SO. OAK. 
Industrial Representative.. Co. 
Minneanoli. 16. Minn.— 
WE 9-9019 

COLORADO, WYO.. 
E. IDAHO. UTAH. NEBR. 
Allen I. Williams Co. 
Denver 4. Col.—MA. 3-0343 

NEW MEXICO & 
EL PASO COUNTY. TEXAS 
Allen I. Williams Co. 
Albuquerque. N. Men—AL. 5-9632 

CANADA 
Electromechanical Products 
St. Thomas. Ontario— 
St. Thomas 509.-W 
EXPORT 
Frame and Hansen. Ltd. 
San Francisco. Calif.—EX 2-5112 

What to See at the 
Radio Engineering Show 

(Continued from page 214A) 

Glenco Corporation, 850 Audio Ave. 

'High reliability-electronic components. Sub-
miniature capacitors and resistors, close toler-
ance temperature compensating capacitors; non-
linear dielectrics for modulation amplification, 
and memory devices. Packaged RC circuits. 

Globe Industries, Inc., 612 Circuits Ave. 

Manufacturers of precision miniature and sub-
miniature permanent magnet dc, 400 and 60 
cycle ac motors and motorized devices. 

Gombos Co., Inc., John, 573, 575 Compo-
nents Ave. 

Custom built microwave units, custom built 
electronic units, custom built electro-mechani-
cal units, complete test facilities. Custom built 
converters, jacks, connectors, precision parts. 
Finest quality control. 

Good-All Electric Mfg. Co., 75 Palace 

Capacitors, paper, "MYLAR," and polystyrene 
dielectrics for civilian and military use. All 
type mountings including printed circuits, MIL 
C-25A, Film-X, seramelite, marbelite, and 
metal-lined types. 

Goodrich Sponge Products Div., B. F., 
B. F. Goodria Company, 382 Micro-
wave Ave. 

Microwave absorbents for indoor and outdoor 
installations; 10Cimc through 60,000mc; broad-
band materials for 300 cm, 60 cm, 30 cm, 12 cm 
and 6 cm. 

Goodyear Aircraft Corp. 

316, 318 Computer Ave. 

CEDA Analog Computing Equipment. GA215-

L3 Linear Analyzer-24 amplifier, GN215-N3 

non linear analyzer. CA215-115 Six-channel re. 

corder, GN215-N3A Electronic Multiplier, 

GN215-N3E function generator. 

Gorham Mfg. Company, 32 Palace 
Fabricated and Cast Microwave Components 
and Assemblies: Mixers—Duplexers—Bends— 
Tees—Couplers—Feed Horns—Cavities—Dum-
my Loads—Slip Ring Assemblies—Electro-
Mechanical Assemblies. 

çoriz ELECTRONICS 
STAMFORD, CONN. 

Booth 49 

PALACE BUILDING 

ELECTRONIC CONNEC1OLS: 

SpeciolIos PAlue41 CvolIo 

..d M“14/41 

ElterIcal Ce.fteders. 

AIRCRAFT SWITCHES: 

helmet end Reef WW1« 

41•Tized *ad NANA le note 

11,1,tery spebak.a•Left. 

Grant Pulley et Hardware Corp., 301, 
303 Production Rd. 

Spectacular demonstration of Industrial Slides 
shown in dramatic settings. Two and three 
section slide for servicing, repair, maintenance. 
Inexpensive tilt slides. Variety of installa-
tions. 

*Indicates new product 

(Continued on page 218A) 

FIRST AID ROOM 
A nurse is in charge at all times. First Aid 

Room is the sixth room to right of Lobby 
directly off registration area in Kingsbridge 

Armory. 
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e. 

These 

GEAR HEADS 

are our Answer to 

HIGH TORQUE 

at LOW SPEEDS 

We are producing a complete line of 
gears for our 1600 frame motors to meet 
any precision, low speed high torque require-
ments. Gear reduction units built to withstand 
impact, vibration and high acceleration are 
available. If your requirements are such that 
control problems are the impartant factor 
we incorporate the correct actuating device 
in the design. 

Our 1600 frame motors are available in 
highly efficient induction, non-synchronous 
types or in hysteresis or reluctance synchro-
nous types. They may be for 60 cycle, 400 
cycle or variable frequency operation (50-
1600 cps), single or polyphase. Supplied 
in ratings from 1/1000 to 1/10 horsepower 
for continuous duty. Housing is anodized 
aluminum. Ball or sleeve bearing construc-
tion. Will withstand ambient temperatures 
from —55° up to 150°C. 

Induction 

1 

• 

A 

LO®1 re1 

- 067 

PFCM _NMIEFLATZ LEAPS__ 

L 

2 

TYPICAL APPLICATIONS 

Servo Mechanisms • Fire Control Systems 
Automatic Flight Ccntrols • Sine Wave Alternators 

Aircraft Cameras 

If you have any problem involving sub-fractional horse-
power motors, Induction Motor Corporation is your logical 
source of supply. We manufacti.-e induction, synchronous 
and servo motors for gearheaci, blower, fan and torque 
motor applications. We can either build them to your 
specifications or design them to meet your requirements. 

For the answer to your problems, write or phone: 

Motors Corp. 
570 Main St., Westbury, L. I., N.Y. • Phone WEstbury 7-7070 
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PULSE WIDTH: variable in 4 
ranges from 1 os to 1.000 ,us 

PULSE RISE TIME: .025 its 

PULSE AMPLITUDE:40 volts into 
93 ohms 

INTERNAL DELAYS: vairable in 
5 ranges from 0 to 10,000 its 
with respect to synchronizing pulse 

INTERNAI. REPETITION RATES: variable 
in 4 ranges from 10 cycles to 100 KC 

SYNCHRONIZING PULSES: 5— indepen-
dently available at separate output jacks 

See our Complete Display at 
the IRE show— Booth 424 

A versatile instrument... 
newly revised...for research 
and applications involving 
high repetition rates 

• High duty factors 

• Can be triggered externally through 

Schmidt trigger input circuit 

• Calibrating potentiometers are pro-
vided for each range 

Write for complete data: our Bulletin I- B-2A 

Z ttk  ELECTRONICS CO. CULVER CITY, CALIFORNIA 
37 07 S. ROBERTSON BLVD. 

SHOPPING FOR 

LOIN COST 
cLsB jieuiebet27 

Nothing on the market today excels 
the low priced Class B protection v 

of Varflo Tubing and Sleeving 
Flexible Varflo is solvent-, oil-, moisture-, flame-, and fungus-resistant. 
Passes the NEMA heat endurance test of 15 minutes at 225°C. Will not 
lose dielectric strength when subjected to severe handling, bending and 
twisting. Has good shelf life. 

Available in Grades A-1 and B-1 tubing 
and Grades C-1 and C-2 sleeving. Let us 
help you with your problem. Describe 
it in a letter—no cost, no obligation. 

CORPORATION 
Make, oi 

ElMtkal Muo1olinv 

Tubtn9 and 54e.in 

Send for free folder containing description 
and samples of VARFLO Tubing and Sleeving. 

Varflex Corporation • 518 W. Court St. 

"v.«. 

lee 
Rome, N. Y. 

What to See at the 

Radio Engineering Show 

(Continued from page 216A) 

,e_favyLeff 
Switches Test Clips 

Binding Posts 
Molded Parts 

743 Airborne Ave. 

Green Instrument Co., Inc., 243 Instru-
ments Ave. 

Green (Pantograph) Engravers for all metals 
and plastics. Featuring the new, heavy-duty 
Model D-2 Green Engraver. 

First Public Appearance 
of the 

HIG-3 GYRO 
Booth 40—Kingsbridge Palace 
also Integrating and Rate Gyros, 
Serve Motors, Accelerometers, 
Pressure Transmitters 

BY 
çreenleaj sr. Lows, MISSOURI 

Greibach Instrument Company, 850 
Audio Ave. 

accuracy megohm meter 100,000 ohms to 
5000 megohms. Microameters and millivolt-
meters utilizing revolutionary friction-free 
movements; high sensitivity and accuracy; 
high resistance to overload as well as shock 
and vibration. Light pointer movements avail-
able. 

Gremar Mfg. Co., Inc., 50 Palace 
Designer and manufacturer of radio frequency 
coaxial cable connectors, radio frequency fit-
tings and associated components. 

Guardian Electric 

Manufacturing Co. 

582 • 584 
COMPONENTS AVENUE 

The Latest in Relays, Solenoids, 
Hermetically Sealed Controls, 
Electromagnetic Developments. 

Gudebrod Bros. Silk Co., 
Inc. 

737 Airborne Ave. 

Lacing Tapes & Cords 

•Indicates new product 

(Continued on page 220A) 

218a 1V11EN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE I.R.E. March, 1955 



Relay contact springs still drum-tight 

after 200,000,000 operations! 

See Automatic Electric's 

complete Une of relays 

and stepping switches 

at the IRE SHOW 

463 Electronic Avenue 

PROCEEDI.VGS OF THE 1.12.E. 

CHICAGO 

After hundreds of millions of operations, throughout years 
of service, there's not the slightest sign of shifting or 

loosening of contact springs on this typical Automatic 
Electric relay! Such exceptional performance is common 
for relays like this and other types used in many aircraft 
and industrial applications. 

Spring pile-ups on Automatic Electric relays are perma-

nently tight! They're made that way by exacting assembly 

techniques which guarantee uniform and consistent "make 

and break"—even when extreme temperature, humidity 
and vibration conditions are present! That's the kind of 
performance that increases relay dependability and pleases 
the most exacting relay users . . . the kind they know they'll 
get when they order genuine Automatic Electric relays! 

Write: Automatic Electric Sales Corporation, 1033 W. Van 
Buren St., Chicago 7, Ill. In Canada: Automatic Electric 
Sales (Canada) Ltd., Toronto. Offices in principal cities. 

March. 1P.5.5 
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the NEW 

MICA 

CAPACITOR 

does more jobs in less space 
at lower cost better! 

1. The new "Dur-Mica" is a silvered mica capacitor coated with a spe-
cially developed plastic coating for extra durability. 

2. Operating temperature range — 55° C. to 125° C. 

3. Improved moisture resistance particularly in the higher tempera-
ture range. 

New reduced size makes "Dur-Mica" the smallest mica capacitors. 

Temperature coefficient approaching the "NPO" range. 

New radial lead construction for reduced inductance, plug-in cir-
cuitry, and automatic assembly techniques. 

7. A versatile capacitor that gives precision performance with sub-
stantial savings in cost. 

8. The "Dur-Mica" meets or exceeds all applicable MIL and RETMA 
standards for mica capacitors. 

4. 

5. 

6. 

now available 
DM15 — 7/16 x 9/32 x 5/32 to 7/32 thick 

DM 19 — 5/8 x 13/32 x 5/32 to 7/32 thick 

D M20 — 23/32 x 13/32 x 5/32 to 7/32 thick 

See us at the 
I.R.E. Show 
Booth =361 

Write for 
further 

information 
and Free 
Catalog 

ARCO ELECTRONICS INC. 

103 LAFAYETTE STREET, NEW YORK 13, N. Y. 

West Coast Branch 

ARCO Capacitors Inc. 5281 West Pico Blvd., Los Angeles, Calif. 

What to See at the 
Radio Engineering Show 

(Continued from page 218,4) 

The Gudeman Company 

407 Electronic Ave. 

Coast to coast service, 6 manufacturing 

plants, sales offices and representatives in 17 

U.S. and 2 Canadian cities. Manufacturers of 

capacitors, filters, pulse transformers, delay 

lines, and linear variable differential trans-

formers. 

01111111111111111111111111111111111111111111111111111111111111111U1111111111111111111111111111111111111111111111111111111Ë 

Gulton Industries, Inc. 
rz-
E 850 Audio Ave. 

*Variable reluctance pressure gauges. *Dif-
ferential transformer accelerometers for mis-
sile, aircraft and industrial control. *Pressure 
transducers and subminiature electronic de-
vices for shock and yid:nation. *Subminiature 
connectors. *Low noise cable. *FLEXDUCER 
devices, Piezoelectric transducers and accel-
erometers, 

H. dt B. American Machine Co., 349 

Computer Ave. 
See Karp Metal Products 

Hammarlund Mfg. Co„ Inc., 411, 413 

Electronic Ave. 
*Fixed Frequency Super Pro-600 communica-
tions receiver, *the Long Wave Super Pro-600 
Communications Receiver, *the Pro-310 Re. 
ceiver and *the modern modular designed re-
mote control and telemeering equipment. 

Hastings Instrument Co., Inc., Engineer-
ing and Research Div., 410 Electronic 
Ave. 

Raydist—Navigation & Tracking Systems. 
*Vacuum Gauges, vacuum controllers, flow-
meters, air velocity instruments & recorders, 
*one millimeter to atmosphere. 

Hayden Publishing Co., 872 Audio Ave. 
The latest IBM data processing equipment will 
be employed to demonstrate the typical month-
ly processing of 27,000 inquiries from the sub-
scribers of Electronics Design. 

Haydon Co., A. W., 570, 572 Components 

Ave. 
Standard, miniature, governed dc timing 
motors. 60 and 400 cycles reversible timing 
motors. Repeat cycle timers; Time delay re-
lays; Elapsed time indicators; Special timers. 

BOOTH 335 COMPUTER AVE. 
1. Beam switching subes 

2. Cathode Ray Tubes 

3. Power and receiving tubes 

4. Electron guns 

5. Burner equipment ani accessories 

6. Precision metal parts 

HAYDI 1 . I . 
olv,•.ona legJITROJONO CORPORATION° 

*Indicates new product 

(Continued on pa,te 222,4) 

Show Hours: Monday 10 AM- 10 PM 

Tuesday 10 AM- 10 PM 

Wednesday 10 AM- 5 PM 

Thursday 10 AM-10 PM 
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Cor,#1PRESSING 

TII1E  

In any security program time is the one irreplaceable ele-

ment. Making the most of time is particularly vital in guided 

missiles projects. Fairchild's Guided Missiles Division has 

demonstrated its ability to "spend" time effectively. Its com-

pletely integrated engineering and production organization 

can, in effect, compress time. 

With a balanced engineering team and an experienced pro-

duction staff housed together in a facility built specifically 

for the development and manufacture of missiles, Fairchild 

can cut down lags in moving a missile project from the 

design and development phase into the production phase. 

It has done eo. 

IF ENGINE AND AIRPLANE CORPORATION 

AIRCHILD 
6teedeerm»Yeet teeewee. 

WYANDANCH, N. Y. 

American Helicopter Division, Manhattan Beach, Calif. 
Aircraft Division, Hagerstown Maryland • Engine Division, Farmingdale, N.Y. 
Speed Control Division, St. Augustine, Fla. • Stratos Division, Bay Shore, N.Y. 



PORTABLE PHONOGRAPHS • TV BOOSTERS • INDUSTRIAL and MEDICAL EQUIPMENT 
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When You Need 

oated fabrics... 

Fabric- covering problems vary with the size 

and shape and function of the carrying 

case. Here's the cue for APEX specialists! 

For fast- colored, durable fabrics to make 

your units SELL faster and LAST longer ... 
ask men who KNOW. 

It will cost you nothing to let APEX 

specialists consider your problems. 

AP6( 
COATED 
FABRICS 

for 29 Years ',I., 
"e HOUSE of SEe1C'. 

APEX COATED FABRICS, Inc. 
12-16 East 22nd St., N. Y. City 10 
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SOUND and PROJECTION EQUIPMENT • PORTABLE TV SETS • TEST INSTRUMENTS 

"Wow-Illieter"' 

New Improved Model 115-RA 

Improved direct-reading instrument simplifies measurements of wow and flutter 
in speed of phonograph turntables, wire and tape recorders, motion picture pro-
jectors and similar recording or reproducing mechanisms. It is the only meter in 
existence providing direct, steady indication of meter pointer on scale. 
The Furst Model 115-RA with improved stability is suitable for both laboratory 
and production application and eliminates complex test set-ups. 
A switch on the front panel permits selection of low frequency cut-off and corre-
sponding meter damping for use on slow speed turntables. 

Frequency Response: Va to 120 cycles or 10 to 120 cycles 
Sensitivity: 0.2, 0.5, and 2.0 % Wow Full Scale 

Inquiries invited on our line of Regulated Power Supplies 

••• MOW«, 

222A 

FUR.ST 

ELECTRONICS, INC. 
3326 W. Lawrence Ave., Chicago 25, Illinois 

See Us At Booth 416 Electronic Ave. I. R. E. Show 

WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF 

What to See at the 
Radio Engineering Show 

(Cohtinued frem page 220A) 

HEATH company 
A SUBSIDIARY OF DAYS TROPA, INC. 

BENTON HARBOR, MICHIGAN 
MANUFACTURERS OF 
ELECTRONIC EQUIPMENT 
IN KIT FORM . . . . 

BOOTH 732 

Reiland Div., Minneapolis-Honeywell 
Reg. Co., 364 Microwave Ave. 

*Series 700C eight and twelve inch recording 
oscillographs; Sub-miniature galvanometers; 
amplifiers; bridge balance units. 

Heinemann Electric Company, 365 Mi-
crowave Ave. 

Complete line of hydraulic-magnetic circuit 
breakers for 400 cycle use and various other 
electronic protection and control applications; 
Silic-O-Netic time delay relays. 

Heldor Mfg. Corp., 863 Audio Ave. 
*Heldor rivet-type non-turning Hermetic Seal 
bushings to meet MIL-T-27 Specifications. New 
drawn cans and covers. New sheet metal cab-
inets. Regular standard transformer cans and 
bushings. 

first er precision potentiometers 

Helipot 
Helipot Corporation:South Pasadena, California 

Engineering representatives in principal cities 
a divisionof BECKMAN INSTÉUMENTS,INC. 

756-758 AIREPJRNE AVENUE 

Heminway & Bartlett Mfg. Co., 888 
Audio Ave. 

•Fungus-proof nylon lacing cords and flat 
braided tape, special synthetic resin coating 
resists growth of mold and micro-organisms— 
factors most often responsible for deterioration 
nf linen and cotton lacing cords and tapes. 
High abrasion resistance—low moisture ab-
sorption—non-toxic to humans. 

Henry and Miller 

Industries, Inc. 

307 Computer Ave. 

Modulator Pressurized Caseg in all sizes and 
shapes and gauges. Featuring color anodizing 
on assembly and sub- assembly for identifica-
tion purposes. Also prncessore of Mu Metal 
in cones, shields, homing and baffles, as well 
as other components. 

Heppner Mfg. Co. 

854 Audio Ave. 

Focus devices; rod antennas; ion 

traps; centering devices, speakers, 

horizontal outputs. 

•Indicates new product 

(Continued on page 224A) 
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CRUCIBLE PERMANENT MAGNETS 

'lee maximum enetry . . . Mee)Ifeentein 

Crucible prescription-made Alnico perma-

nent magnets provide consistently higher 

energy products. 
This means greater design freedom . . . 

more compact products for manufacturers of 
high-fidelity sound equipment, instruments, 

controls, motors, and other magnet equipped 
devices. 

Crucible has been a leading producer of 

these quality magnets ever since Alnico alloys 
were first developed. You can get them sand 

cast, shell molded, or investment cast to meet 
every size, tolerance, shape and finish need. 

Next time you need top quality magnets, 

or help with magnet applications, call 
Crucible. Crucible Steel Company of Amer-
ica, Henry W. Oliver Building, Pittsburgh 
30, Pa. 

Visit us at Booths 105-107 IRE Show — New York City, March 21-24 

CRUCIBLE, first name in special purpose steels 
Crucible Steel Company of America 
PROCEEDINGS OF THE I.R.E. Mar. a, 1955 223A 



No. 2 [ design progress through 
inter-company co-operation 
. coordinated by se,,,,,.. • • 

ina 

NEW... 
DOUBLE-RIDGE WAVEGUIDE 

/04 4014 X- band and C- band operation! 

inc. 

Recently, Airtron was contronted with a difficult problem—how to develop 
a waveguide that would perform satisfactorily for both "X" and "C"-Band 
operation. 

Due to differences of opinion concerning the optimum frequency for air-
borne weather radar systems, equipment manufacturers have selected two 
different operating frequencies for their designs . . . 5.6 cm ("C"-band) and 
3.2 cm ("X"-band). As a result, two different waveguide sizes were required. 
This meant that should it become advisable to switch from one frequency 
band to the other it would necessitate the installation of an entirely new 
waveguide system ... as well as the replacement of the radar equipment. 

This was highly impractical and, accordingly, a coordinated effort was set 
up among the airlines technical advisory organization (ARINC), leading 
manufacturers of radar equipment, and the engineering staff of Airtron. 

Working as a team the theoretical and practical difficulties were overcome 
and the solution evolved in a new double ridge waveguide. The new design 
not only permits handling of both bands, but also results in a considerable 
reduction in size and weight for "C"-band and improved electrical proper-
ties for "X"-band. 

This is just another concrete example of how Airtron's creative engineering 
... and their close association with leading manufacturers in all phases of 
electronics ... can be of assistance to you ... whether the components you 
need are new in design or so-called "standard" plumbing. 

FREE CATALOG on Ridge Waveguide for Airborne Weather 
Radar . . . contains a complete description of the new ridge 
waveguide series. Write on your letterhead c/o Dept. C for 
your copy today! 

ifitewic. inc. Linden, New Jersey 
Designers & Manufacturers of Rigid and Flexible Waveguide Components and Aircraft Accessories 

Branch Offices: Albuquerque • Boston • Chicago • Dallas • Dayton • Kansas City 

Los Angeles • San Francisco • Seattle • London 

What to See at the 

Radio Engineering Show 

(Continued from page 222A) 

Hermetic Seal Products Co. 

199 Broadcast Way 

Hermetic Seals, glass-metal hermet-
ically sealed terminals; bushings; 
headers; AN connectors; plugs and 
bases in single terminals or multi-
headers for the electronic industry. 

Hetherington, Inc., 330 Computer Ave. 
Snap-action switches, push-button and toggle, 
indicator lights and relays. *Miniature toggle 
switch and low-cost push buttons. 

BOOTHS 

248-250 
CORNER 

RADIO 
ROAD 
AND 

INSTRUMENTS AVE. 

Hickok Elec. Instrument Co. 

458, 460 Electronic Ave. 

*Color Bar, *Microvolt, TV Video, Time 
square wave, and noise generators; *Wide 
band color oscilloscopes: *Laboratory tube 
testers; VT VM's ; *Was t meters ; uggedised, 
250 degree panel meters; switchboard and 
portable meters. 

Hi-G Inc., 14 Palace 
Hi-G Spotlights—.advances in relay design to 
gain highest resistance to shock and vibration 
in miniature construction. Offering ''2 PDT, 6 
PDT, and 12 PDT units to trade. 

High Vacuum Equipment Corp., 310 
Computer Ave. 

See versatile laboratory vacuum coater perform 
all kinds of metallizing operations—also ioniza-
tion—Philips—thermocouple gauge controls— 
all types high vacuum equipment and com-
ponents available. 

Hi-Q Division, 548, 550, 552 Components 
Ave. 

See Aerovox Corp. 

HITEMP WIRES, INC. 
26 WINDSOR AVE, MINEOLA, L. I. 

Specialists in 

CLASS H TEFLON 
INSULATION 

BOOTH 609 CIRCUITS AVE 

*Indicates new product 

(Continued on page 226A) 
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Visit our Booth 373 at the IRE Show 
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A Significant Engineering 

Achievement in 

Industrial r Supplies 

power supp 
• NO TUBES 

• DUAL MAGNETIC REGULATED 

• 0.2% REGULATION 

• ULTRA-FAST 

• SHORT CIRCUIT PROOF 

• FLUX OSCILLATOR CONTROLLED 

• MAGNETIC AMPLIFIER 
REGULATED 

• HERMETICALLY SEALED 
MAGNETIC COMPONENTS 

• PROVEN IN CONTINUED 
SERVICE 

• GJARANTEE1 

IMMEDIATE DELIVERY FROM 
STOCK ON MOST MODELS 

For complete technica data and 
performance cuves .. request 
Engineering Bieletin Ut-203. 

REPRESENTATIVES 

ASSO, ••-
13, N. Y. 

M. P. 00E U. CO. 
CLEVELAND 15, OHIO 

me 
USTRIAL. 

test equipment. where gr 
control is desired and 
production stopages must be 
eliminated or minim- zed. 

STABLVOLT TYPE A 

LABORATORY . as stable 
voltage references or bias 
supplies; as reguiated fila-
ment supplies, us strain 
gauge or instrumewation sup-
plies, etc. 

ORIGINAL EQUIPMENT „ as, 
precision regulated and main-
tenance-free power source in 
automation. compter, com-
munication and instrumenta-
tion equipment. 

DESCRIPTION 

STABLVOLT D. C. power supplies ar:i cual magnetic, precirion regulated units pro-
viding reliable, maintenance-free oDeiation for industrial, laboratory and original 
equipment applications. 
STABLVOLT.. precision regulation will ultra high speed response is attained by . 
utilizing new high performance Flu: Cscillators in connecion with high gain mag-
netic amplifiers.. thereby eliminating vacuum tubes, me:hanical references and 
other delicate elements. 
STABLVOLT'S short circuit proof characteristics are acniezed by using only static 
magnetic circuitry. When short circuited, line current is autematically limited and 
power supply protected from internal damage. Normal operation is resumed auto- _ 
matically, without resetting switchn or replacing fuses...1llis eliminating down-
time and insuring maintenance-free neration. 

TYPE A: 200 WATTS OUTPUT 

MODEL 

MR-6-20 

MR- 12-10 

MR-28-5 

MR- 150-1 

MR-300-0.5 

DC OUTPUT RANGE 
VOLTS AMPERES 

4-8 

270-330 

0-20 

0-5 

0-1 

MODEL 

MR-6-100 

AAR-150-5 

TYPE A: 1000 WATTS OUTPUT 

. DC OUTPUT RANGE 
VOLTS AMPERES 

4-8 0-100 

270-330 0-3 

STATIC REGULATION: 

:to 2% for • 10 line voltage change 

0.2% for 10-;;, line frequency cfran.e 

— 0.2% from rero to full load current 

RIPPLE: 0.2% VMS at full load 
6 Volt models have I% ripple 
AC INPUT: 95-135V, 1 phase, 55 to 66 cps 

OVERLOAD: Power Supplies are com.ertat.-yely rated, 
can be operated sontinuously at 150% cyarload current 

MAGNETIC RESEARCH CORP. 

ZOO CENTER STREET • EL SEGUNDO, CALIFORNIA 

Mfrs. of Magnetic Amplifiers and Cencerters, Magneticary 

Regulated DC Power Supplies, Magnetic Pulse Generators. 

DYNAMIC REGULATION 
AND RESPONSE TIME: 

±2% for -f-10% Line voilage 
transient 

Response Time: 
50 milliseconds 

3% for + 10% load curre 
transient 

Response Time: Max. 100 milli-
seconds under most severe 
ç tions Of Ii 
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SAVE THOUSANDS OF DOLLARS 
in testing Aircraft Generators 

le FEEDBACK 
United's NE., TEST STAND 

• Eliminates Load Bank 

• Simplifies Operation 

• Cuts Initial Cost 

unti e 
1110'Y-f. " C) 

goadagdp 

The wraps are off! United's new feedback test stand, a compact unit 1/3 
to 1/2 the size and weight of conventional equipment, provides complete 
testing with up to 200% loading. No load bank is required, a saving 
in both initial cost and test space. The feedback drive uses less than 1/3 
of the horsepower of an old-type test stand. A direct economy! Only 
two simple controls are used for all load and power factor changes. 
Automatic protection is provided for temperature, voltage, air pressure, 
faults, current and synchronization. Full details are ready for you. 

Write us today for Bulletin FIS 

UNITED MANUFACTURING COMPANY 
rut' 

7. 

See Feedback in Operation at I.R.E. Show, New York, March 21-24, W. L. Maxson Corp. 
Booths # 620-622-624. 

DIVISION THE W. L. MAXSON CORPORATION 

41 HAIG STREET, HAMDEN, CONNECTICUT 

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. 
cluding microwave, aircraft, communications, radar; and labo-
ratory electronics of all kinds. Quality standards maintained. 
Get our quotationsl 

NEW TS-I3/AP X-BAND SIGNAL GENERATORS, with manual, 
$575.00 T-47A/ART-I3 Transmitters, $450.00 H-P, Boon-
ton, G-R, Measurements, and other standard items in stock; 
also nucleonic equipment. 

ENGINEERING ASSOCIATES 
434 PATTERSON ROAD DAYTON 9, OHIO 

• THE MOST COMPLETE LINE OF PRE-
CISION DRAWN CASES AND COVERS 
IN THE INDUSTRY 

• COMPLETE METAL FABRICATING 
AND SUB-ASSEMBLY FACILITIES 

• QUALITY METAL STAMPINGS 

What to See at the 

Radio Engineering Show 

(Continued from page 224A) 

Honeycomb Co. of America, Inc., 604 
Circuits Ave. 

Aluminum, Cotton, Paper and Fiberglass 
Honeycomb Panels, Dielectric (Micro-wave) 
Windows, Radomes, GLASMOLD (glass pipe), 
and Honeycomb Transit Cases. 

Hubbell, Inc., Harvey, 406 Electronic 
Ave. 

'Type "B" Interlock "Automatic Locking" in-
sulated plug possessing all the unique features 
of Interlock line—quick disconnect, low re-
sistance contact, double compensating contact 
and vibration plug. Also full line of Automatic 
Locking Connectors. 

el11111111111111111111111111111111111111111111111111111111111111111111111U111111111111111111111111111111111111MMW_t 

Hudson Tool al Die Co., Inc. 

472 Electronic Ave. 
z 

E_--
E 

Huggins Laboratories, Inc. 

5 Palace 

S-Band, C-Band, and X-Band trav-
eling wave tubes will feature low 
power tubes, mediam power tubes, 
and backward wave oscillators and 
their associated solenoids. 

Hycon Mfg. Co. 

735 Airborne Ave. 

On Display—Electronic Test Equip-
ment Featuring the * Digital Volt-

meter and the *5" oscilloscope—Kerr 
Cell Shutter—A Picture in 1/10,000 
second. 

Hycor Company, Inc. 

369 Microwave Ave. 

*Toroid Inductors and Low Power 
Magnetic Amplifiers. Precision wire-
wound resistors for printed circuits, 
wave filters, toroid transformers, her-
metically sealed attenuators. 

226A 

(Continued on page 229A) 
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Federal 
THE SELENIUM RECTIFIER 

WITH THE GREATEST 

anufacturer 

cceptance  

More design and component engineers in the 
radio -TV industry have put their approval on 
Federal Selenium Rectifiers than any other make 

And HERE'S why 
point by point: 
LONGER LIFE ... 5,000 hours life expectancy in 
most approved applications. 

HIGHER OUTPLT VOLTAGE...3 to 61/2  higher B-F 
output volts than competitive selenium rectifiers in 
conventional doubler circuits. 

LOWER TEMPERATURE RISE ... 2° C to 10° C lower 
average operating temperature than competitive 
selenium rectifiers. 

SUPERIOR HUMIDITY RESISTANCE... passes 1,000-
hour life test in 95% relative humidity at 40° C. 

PROVEN MECHANICAL CONSTRUCTION ... brass 
eyelet or aluminum stud construction used exclu-
sively. Patented "dead-center" construction allows 
stack to be tightened until rigid, without affecting 
the pressure-sensitive selenium characteristic. 

UNDERWRITERS LABORATORY ACCEPTANCE FOR 
85° C OPERATION ... Federal's popular radio-TV 
types have been tested and accepted by UL for 
operation at cell temperatures of 85°C. 

AL 

1 Longer life 

2 Higher output voltage 

3 Lower temperature rise 

4 Superior humidity resistance 

S Proven mechanical construction 

6 85° C. UL acceptance 

7 Conservative ratings 

8 More uniform quality 

9 Largest plant capacity 

10 More engineering know-how 

Ili CONSERVATIVE RATINGS... rectifiers offered to the 
I industry are rated only after exhaustive tempera-
ture rise and ageing tests on minimal grade units to 
insure full value and satisfaction. 

ea MORE UNIFORM QUALITY...Federal rectifiers are 
MI automatically 100% tested and inspected to meet 

standard forward and reverse current specifications, 
as well as for dielectric strength. 

LARGEST PLANT CAPACITY ... production facilities 
to satisfy any quantity requirement. 

MORE ENGINEERING KNOW-HOW... the research 
and design facilities of the world-wide, American-
owned International Telephone and Telegraph Cor-

poration assure continued product leadership. 

Federal Telephone and Radio Company 
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 

COMPONENTS DIVISION • 100 KINGSLAND ROAD, CLIFTON, N. J. 
In Canada: Standard Telephones and Cables Mfg. Co. (Canada) Ltd, Montreal, P. Q. 

Export Distributors: International Standard Electric Corp., 67 Broad St., N. Y. 

DESIGNERS: 
For information 
about Federal 
Selenium Rectifiers 
—write Dept. F.537 
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What to See at the 
Radio Engineering Show 

(Continued from page 226A) 

INCO, 173-272 Transistor Way 
See International Nickle Co., Inc. 

I-T-E Circuit Breaker Co., 576 Compo-
nents Ave. 

Sub-miniature precision wire-wound potted re-
sistor networks; precision wire-wound resis-
tors; power wire-wound resistors; both fixed 
and adjustable; receiver type deflection yokes; 
vidicon camera deflection yokes; 21" metal tele-
vision picture bulbs for color TV. 

Illinois Condenser Co. 

422 Electronic Ave. 

•"Illini Ste-Tite" type ITC, ceramic cased 

tubular paper capacitors. *Miniature and 

subminiature electrolytic capacitors for new 

miniaturized circuitry. 'Electronic Flash Kit 

featuring new low-voltage design. 

Illinois Tool Works, 739 Airborne Ave. 
See Shakeproof, Div. of Illinois Tool Works 

Imtra Corporation, 97 Palace 
See General Electric Co., Ltd. of England 

Indiana Steel Products Co., 523 Compo-
nents Ave. 

Hyflux Alnico V Permanent Magnets for loud-
speakers, radar, electronic equipment, on dis-
play with Cunife and Indox ceramic magnets. 
Also featured: Free "On-the-Spot" Design As-
sistance with magnet problems. 

Induction Motors Corp. 
WESTBURY 

LONG ISLAND 

734 AIRBORNE AVENUE 
Servo, Gear, Blower, Actuator and Torque 
Motors: synchronous and non-synchronous 
in ratings from 1/1000 to 1/10 horsepower. 

Industrial Accessories, Inc., 91 Palace 
°Hermetic Seals using synthetic rubber in 
their construction. 'Catalog of approved seals 
in sizes for components, used by the military, 
effecting amazing economy. 

Industrial Hardware Mfg. 
Co., Inc. 

579 Components Ave. 

Laminated sockets, terminal strips, 
wired assemblies, bakelite stampings, 
anode connectors, molded high volt-
age sockets, laminated printed circuit 
sockets. 

Industrial Instruments, Inc., 637 Circuits 
Ave. 

Automatic Helixing Film Type Resistors, Port-
able Cable Harness Tester, Unique Portable 
Low Resistance Ohmmeter, General Line of 
Electrical Test Equipment. 

Industrial Laboratories Pub. Co., 322 
Computer Ave. 

We will have on exhibit our three magazines, 
INDUSTRIAL LABORATORIES. INDUS-
TRIAL SCIENCE & ENGINEERING, and 
WESTERN ELECTRONIC NEWS. 

•Indicates new product 

(Continued an page 230A) 

At the I.R.E. SHOW! 
BOOTHS # 293, 295 
INSTRUMENTS AVE. 
Kingsbridge Armory 
New York City 

March 21-24, 1955 

EXPANDED SCALE, THREE 
BANDWIDTHS ENABLE 
FASTER, MORE ACCURATE 
VSWR MEASUREMENTS 

Speed up production of microwave components through 
faster, more accurate reading of low VSWR. An expanded 
meter scale is provided on the PRD Type 277 Standing 
Wave Indicator for readings up to 1.3. Choice of not one, 
nor two, but three bandwidths allows greater flexibility in 
the choice of modalaton. The narrow and broad band posi-
tions are useful when the modulator is less stable or accurate 
and for convenience in making preliminary adjustments in 
the test setup. The very narrow bandwidth, on the other hand, 
permits operation with minimum noise and interference. 
These features, coupled with high gain and wide range of 
input levels, make this instrument extremely versatile. Only 
$235.00 f.o.b. New York. Write for complete new catalog 
of precision microwave and VHF-UHF test instruments 
and components. 

SPECIFICATIONS 

Very Narrow Narrow 
Band Band Broadband 

Center Frequency (cps) 

Bandwidth (cps) 
Sensitivity for Full 

Scale Deflection ( iiv) 

1000 1:2% 1000 -±-2% 350-2500 

15 

0.3 

so 
1 4 

Noise Level imv) 0.03 0.06 0.4 

Range of Input Level (db) 70 70 70 

Meter Scales 

Db 0 to 10 

Expanded VSWR 1.0 to 1.3 

Normal No. 1 VSWR 1.0 to 4.0, 10 to 40, etc. 
Normal Mo. 2 VSWR 3.2 to 10.0, 32 to AO. etc. 

(1) Crystal; (2) Bolometer, 4.5 ma bias; 
(3) Bolometer, 8.75 ma bias; (4) 75,000 Om 
impedance. 

Input Selection 

202 TILLARY ST. 
BROOKLYN 1, N.Y. 

Telephone 

Ulster 2-6800 

RESEARCH 
DEVELOPMENT CO • INC 

Miduest Sales Offite: 
SO. NORTHWEST HWY., PARK RIDGE, ILL. — TAlcot 3-3174 

Western Sales Office: 
741 1/2  NO. SEWARD ST., HOLLYWOOD 38, CAL— HO 5-5287 
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See this and other 

Edison Developments 

at the 

IRE Show, Booth 677 
Wee 1.41ne...o. Rogue ,1••••••••••.•• 1.1111.01» nor,. 

Ut. EOM. Caen,. Relay An,WW1 Pave, 300.000 ,1.011 

siew Edison Control noisy Arnpleff.$ Power 500.000 times 

New Edison Control Relay Amplifies Power 500.000 Times 

New Edison Control Relay Amplifies Power 500,000 Times 

New Edison Control Relay Amplifies Power 500,000 Times 

New Edison Control Relay Amplifies Power 500,000 Times 

Edison Control Relay Amplifies Power 500,000 Times 

Control Relay Amplifies Power 500,000 Times 

Relay Amplifies Power 500,000 Times 

Amplifies Power 500,000 Times 

Because there is an amplification factor of 
approximately 500,000 between the input 
power to the operating coils and the load 
capacity of its own contacts, Edison's 
Magnetic Control Relay actually elimi-
nates the need for electronic boosting — 
operates directly from a thermocouple, 
photocell, or from vacuum tube currents. 
Yet this precision instrument stands up 
even under the shock and vibration of 
aircraft service. 

Designed and developed in the world-
famous Edison Laboratory, this small 
relay has features of particular interest to 
designers of electronic equipment. 

Low power operation —Standard types operate 
at as low as 30 microamperes—do not drain 

A GREAT 

power from other circuit components, such 
as gyro motors. 

Versatility—Coils can be supplied with resist-
ances from 0.5 to 20,000 ohms. Differential 
operation is made possible by separate con-
nections from each coil with polarized opera-
tion as an inherent characteristic. 

Stability—Test relays have exceeded 8,000,000 
cycles without calibration change. 

Rugged Movement—Dissipates overloads up to 
10,000 times normal operating input—with-
stands 50 g shock in all planes ( unenergized). 

Contacts—Platinum-iridium wire, either SPST 
or SPDT, with capacity of ½ ampere at 28 
volts d.c. non-inductive. 

Write us—especially if you are now using 
a single-stage electronic amplifier—for 
more complete information. 

NAME CONTINUES GREAT NEW ACHIEVEMENTS 

llreacsinracss lEcliscm, 
INSTRUMENT DIVIsIoN • 62 LAKESIDE AVENUE • WEST ORANGE, NEW JERSEY 

What to See at the 

Radio Engineering Show 
(Continued from page 229A) 

Industrial Products Co., 703, 800 Pro-
duction Rd. 

See Danbury-Knudsen. Inc. 

PHA,Z'OR. 
BOOTH NO. 

309 
COMPUTER AVE. 

Features the new in Phase Meters, 
Null Meters, Impedance Comparators, 
Power Oscillators and other Electronic Test 
Equipment. 

Industrial Test Equipment Co. 
NEW YORK, N. Y. 

Industrial Timer Corporation, 100 Palace 
Synchronous motor-driven timers; interval 
timers, time delay timers, single-cycle and re-
cycling multi-cam timers. Running time meters. 
*Motor driven, multi- circuit sequence switches. 

Industrial Transformer 

Corp. 

31 Palace 

Custom transformers to military and commer-

cial specifications. Audio, power, and pulse. 

Open type, encapsulated, and hermetically 

sealed. Subminiature, class A, class B and 

class H. 

Infra Electronic Corp., 9 Palace 
Precision Synchros, Servos, Gearhead Motors, 
High Temperature Set vos. Turns Measuring 
Set, Phase Angle MeaEuring Set, and Electro-
mechanical Test Equipment and Instrumenta-
tion. 

INSTRUMENT 
COMPONENTS INC. 

14-34 112th St.. College Point. N.Y. 

Division of BELOCK INSTRUMENT CORP. 

7 Palace 

• manufacturers of a complete line of precision 
electro-mechanical servo components Including: 

• Precision differentials 
e precision gears 
e high speed magnetic clutches 
e gear reduction heads tor servo motors 

0111111111111111111111:11111111111111111111111111111111I, Iiii111111111111111111111111111111111111111111111111111111111111 
E. F. = 

i Instrument Specialties Co., ! 
-,-,- 
5. 5, 

= 
.7. 867 Audio Ave. . E-
r.---

F-

:=2 . 
E 

E- Complete assortment of beryllium a ... 
F-. copper contact finger strips, split : 

E rings, compression coil springs, and : 
.7. = 
g- custom made flat springs. a-

= 
.7- .L--
e.--.- E-.-
fillimminimmainiumunummommuniiiiiiiiiiimmommiiiiiiiimimiiiiimumnie 

(Continued . r: page 233A) 

Inc. 

FIRST AID ROOM 
A nurse is in charge at all times. First Aid 
Room is the sixth room to right of Lobby 
directly off registration area in lingsbridge 

Armory. 
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Precision Parts To Products Weighing Tons 

... A Range Of Unusual Versatility! 

From Drawing Board To Finished Product 

... All Under One Roof! 

In Daystrom's 350,000 sq. ft. plant the very finest modern machinery 
and equipment has been acquired for the manufacture, 
assembly and test of these products. Daystrom's research, 
development, engineering and manufacturing specialists 
have a collective experience that embraces electronics, 
nuclear instrumentation, computing and electro-mechanical 
devices. To supplement these creative skills Daystrom 
also has specialists in metallurgy and welding, as well 
as organic and plated finishes. Daystrom Instrument 
has earned its place in the expanding 
Daystrom Incorporated family. 

DIVISION OF DAYSTROM 

INCORPORATED 

ARCHBALD, PENNA. 

Radio Servo Controls 
Gun Fire Control Systems 

Ordnance Telescope Mounts 
Nuclear Instrumentation 
Precision Potentiometers 
Electrical Test Equipment 

Servo Amplifiers 
Electronic Chassis 
Gear Assemblies 
Instrumentation 

Sheet Metal Cabinets 
Gyros Radar 

Computers 

VISIT OUR 

BOOTHS 

672-674 
CIRC:JITS AVE. 

AT THE 

I.R.E. SHOW 

Affiliates: American Type Pounders, Inc., Elizabeth, N. I.; Daystrom 

i'urniture Div., Olean, N. Y.; Daystrom Electric Corp., Poughkeepsie, N. Y.; 

American Gyro, Santa Monica, Calif.; Heath Company, Benton Harbor, Mich. 

PROCEEDINGS OF THE I.R.E. March, 1955 
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PANORAMIC 
RADIO PRODUCTS, INC. 

1,1Ir 1 1 le ll.11141' 

DEMONSTRA 
LEAD III 

/ 

I \ 

In solving spectrum 
analysis problems for 

research, development and production 

II ag 111101ii 

I NG Ira: 

Pioneering in the field of SEE P OR IC spectrum analysis, PANO-
RAMIC has risen to a position of ANAM leadership in producing instruments 
for laboratory, research and produc-
tion applications that transform 
spectrum content into easily inter-
preted visual spectographic displays. 

Again, at the I.R.E. Show, PANO-
RAMIC introduces new Panoramic 
Instruments of interest and impor-
tance to the electronic field. Be sure 
to see them. 

I 

C .  Panoramic Sub-Sonic Waveform Analyzer with exceptional frequency resolu-NEW tion capabilities offers the many advantages of the famous Models AP-I 
  .0.) and LP- I Panoramic Scnic Analyzers. 

at the 1.11.E. show 
BOOTHS 230, 232 

Panoramic Indicator Model SC-8b Type 110,000 designed espe. 
cially for applications demanding high sensitivity and flat fre-
quency response. Maximum scanning width 10 MC, sensitivity 
75 microvolts for full scale deflection. 

An improved line of Model SA-8b Panadaptors and Model SB-8h Panalyzors 
significantly increased operational versatility. Special new features are 
continuously variable scan rate of I cps to 60 cps . . . linear, log 
and square law amplitude scales ... internal or external synchronized 
sweep rates. 

Marker Generator designed for use with the Models AP-1 and LP-1 Panoramic 
Smile Analyzers. Output: 60 cps, 500 cps with harmonics up to 
3000 cps and 5 KC with ha'monies up to 20 KC. 

Panoramic Simultaneous 11 Point Calibrator, Model TMC-211, 
designed for high speed automatic checkout of FM/FM Tele-
metering subcarrier Discriminators. A single space saving rack 
mount chassis provides two channels. Combine two or more 
chassis to assemble a system to suit your specific reeds. 

AT WORK ON YOUR PROBLEMS... 
PANORAMIC THE PIONEER provides instruments of unscrpassed excel-
lence. Panoramic's specialized models covering sub-son c to microwave 
frequencies speed and simplify analysis of waveform distortions, sounds, 

vibrations, spurious oscillat.ons or modulation, response 
characteristics of filters or transmission lines characteristics of 
AM, FM or pulsed signa s, or monitoring many frequency 
channels simultaneocsly. 
A Panoramic Analyzer can provide the answer to your problems. 

Inquiries invited on Panoramic Spectrum 
Analyzers for Special Problems. 
If you cannot attend the show, write for information 
on Panoramic's new and important instruments. 

12 South Second Ave., Mount Vernon, N.Y. 
MOunt Vernon 4-3970 

Veco Thermistors 
also are sensitive 
to temperature! • 

These versatile sensing elements are re-
sistors with a high negative temperature 
coefficient of resistance — temperature 
goes up — resistance goes down. This 
characteristic makes thermistors useful 
components in electronic circuits as tem-
perature compensalors, surge suppres-
sors, voltage regulators, automatic gain 
controls, etc. 

They are used also as sensing elements 
in high speed thermometry and tempera-
ture control for whàch they are available 
in a multiplicity of forms such as small 
beads, rods, discs, washers, glass, plastic 
or metal probes, or even embedded in 
the tips of hypodermic needles! Because 
of their extremely small size, they assist 
in miniaturization. 

• To find out how "VECO" thermistors 
can improve your products, write for 
free information. New M- I68 kit of 

• 6 thermistors and I varistor with sug-
gested circuitry. $5.00 postpaid, or avail-
able at electronics parts wholesalers. 

See us at the IRE Show 

Booths 657, 659 Circuits Ave. 

Victory 
Engineering Corporation 

Springfield Road, Union, New Jersey 
• Tel. UNionville 2-7150 

• 

• 

• 

• 

• 

• 

• 

• 

• 

TEERMISTORS • VARISTORS 
• 

TEMPERATURE SENSING DEVICES 

ELECTRONIC AND THERMAL 

CONTROL INSTRUMENTS 

WHEN \VRITING TO ADVERTISERS PLEASE MENTON -- PROCEEDINGS OF THE I.R.E. March, 1955 



What to See at the 

Radio Engineering Show 

(Continued from page 230A) 

Instruments for Industries 
Inc. 

741 Airborne Ave. 

Series M 200 Miniature IF Amplifiers, Model 

400 High Power Distributed Amplifier having 

100 watts CW Output 50 to 300 mcs. *Unique 

Modular Plug-in Electronic Chassis. *Broad. 

Band All Channel Television Amplifier. 

Instruments Publishing Co., Inc., 218 In-
struments Ave. 

"Instruments & Automation." Magazine and 
books on instrumentation, automation, re-
search. 

Instruments Sales Corp., 788 Airborne 
Ave. 

See Bourns Labs. 

Insulated Circuits, Inc. 

18 Palace 

Printed wired boards. Printed circuit com-

mutators and switches (raised and flush). 

Micro strip (microwave components). Printed 

circuit assembly. We feature carry-thru holes 

for continuity top to bottom. 

Insulating Fabricators, Inc., 47 Palace 
Fabricates and distributes all families of Plas-
tics, which are used for electronic insulation, 
from the oldest vulcanized fibre to the newest 
Kel-F, Teflon and epoxies. 

Insuline Corp. of America, 430 Electron-
ic Ave. 

Electronic Housings and Components; standard 
and custom made metal enclosures; special 
electronic assemblies. 

2 

INTERNATIONAL 

BUSINESS MACHINES, 

CORPORATION 

77, 79 Palace 

• 

World's Leading Producer of 
Electronic Accounting Machines 

•Indicates new product 

(Continued on page 235A) 

Radio Engineering Show 

For a preview of products to be exhibited at 

the Radio Engineering Show, consult the 

advertisements in this issue. Advertising 

exhibitors are listed in boxed display 'ad. 

lets", 

Error Spread 
Curve fora 
typical month's 
production of 
transmitters. 

e Average Error Weld 7' 

• Average Max. Error from El 
about 5' 

• Average RS Error trader 3' 

• SUARANUED Maximum 

Error Spread 12' 

Visit the exhibit at our Bel-
mont Plaza Liotei suite 

NAT'L I.R.E. CONVENTION 
New York City, Mar. 21-24 

LOOK TO CPPC FOP 

CL 

for 

TON SIZE 10 SYNCHROS 

ageiVeet 

HIGH ACCURACY 

.0 I 2 3 4 5 6 7 8 9 10 II 12 13 
ERROR SPREAD IN MINUTES 

IMMEDIATELY AVAILABLE 

For full engineering information on trans-

mitters, receivers, resolvers, differentials 

and control transformers, and complete 

lines of Size 11 and 15 synchros oso 

immediately available, write or telephone 

T. W. Shoop, Sales Mgr. (Telephone Phila.) 

MAdison 6-2101. 

West Coast Rep. Wm. J. Enright, 988 W. 

Kensington Rd., los Angeles.. MUtuc.il 6573. 

77C 
tuntunue 

SYNCHRO PROGRESS 

CLIFTON PRECISION PRODUCTS CO. INC. 

CLIFTON HEIGHTS PENNSYLVANIA 

233A 



* SEE the ADVANCED features of this 
2100 Series MULTIPOLE RELAY 

* at Booth 793 - Airborne Ave. I.R.E. SHOW 11:rAOCREY, :itlEAVI42CH'CI:le-2?1 T, Y1955 

SPECIAL CONSTRUCTION AND ADVANCED DESIGN FEATURES PROVIDE LONG LIFE AND HIGHLY EFFICIENT OPERATION 

Designed to meet require-

ments of military specifica-

tions and Underwriters 

Laboratory standards 

PIN-TYPE HINGE 

FOR LONG LIFE 

See the latest in submini-

ature relay development. 

The Type 2602-E 

VOR 
has these important advantages 

no moving parts 

can be installed in a few hours 

no field adjustments 

used successfully both in the U.S.A. 
and in other countries 

1 frequency range — 108 mc to 118 mc 

shipped completely assembled, and 
tuned when frequency is specified 

can be readily retuned to any fre-
quency within its range 

net weight — approximately 140 lbs. 

Write for Bulletin R-25.5 
*Original model was developed for the 

Air Navigation Development Board. 

akAN111111A 5551155 I:0 DMUS AIR 

'goy ALFORD 
55155110N AIDS - 15515151 515 

113,111.k tut itw Co In, 
"le OCULP.01C • VI. 1104,0M MASI 

CONTACTS PERMANENTLY 

MOLDED IN THERMOSETTING 

PLASTIC...Always perfect adjustment 

LARGE-SIZE CONTACTS IDEALLY 

SUITED FOR MOTOR STARTING 

AND LAMP LOADS 

CORPORATION 

FREDERICK, MARYLAND 

SHEET METAL 
CABINETS • FRAMES • CONSOLES 

WELDMENTS • CHASSIS • PANELS 

BRACKETS • CLAMPS • STAMPINGS 

ETC. 

MACHINE PARTS 
TOOLS • DIES • FIXTURES • JIGS • 

GAGES • SCREW MACH. PROD. • GEN. 

MACH. WORK • ETC. 

Experimental and Production 

Government certified source for spot-welding. 
arc and hell arc welding 

Aluminum Magnesium Steel 

Foremost in the field for:— 
Close tolerance metal fabrication 

Widely recognized for:— 
Fine quality control methods & standards 

More than ten years experience with 
components for aircraft 
and electronics coltrols 

WHEN YOU BUY EUGENE 

YOU BUY ALL THREE 

QUALITY PRICE DELIVERY 

Eugene Engineering Co., Inc. 
1217 Hyde Park A  

Hyde Park 36, Mass. 
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What to See at the 

Radio Engineering Show 

(Continued front page 233A) 

International Electronic 
Research Corp. 

813 Audio Ave. 

Features standard heat dissipating vi• 
bration resistant shields for electron tubes— 
specialized shields for special purpose power 
tubes—transistor clips—vibration testing 
equipment. 

International Electronics 
Corp. 

811 Audio Ave., Theatre II 
Receiving, audio and special purpose electron 
tubes for industry and communications, in-
cluding cold cathode tubes, trigger, voltage 
reference, stabilizing, flash tubes, photocells, 
diodes, transistors, etc. Equipment for re-
search and industry, ultrasonic equipment, 
electro-chemical equipment. 

International Instruments, Inc., 763 Air-
borne Ave. 

Complete line miniature electrical panel in-
struments, including *modernly styled Side 
Indicators, giving maximium readability with 
minimum panel space. Ruggedized, military 
and commercial models. 

International Nickel Co., Inc., 173, 175, 
270, 272 Transistor Way 

Uses of nickel and high nickel alloys in auto-
mation, ultrasonics, and lighting with empha-
sis on new developments made possible through 
"Nickel . . . The First Metal in Practical 
Electronics." 

International Pump & Machine Works, 
784 Airborne Ave. 

Vacuum Pumps and Vacuum Equipment. 

International Radiant Corp. 

826 Audio Ave. 

Member E EJ. (Environmental Equipment In' 

stitute). Manufacturers of Environmental test 

equipment. Be sure to stop at Booth 826 to 

see one of our machines in operation and to 

obtain one of our new 1955 Catalogs. 

2111111111111111111111111111111111111 111111111111111111111111111111111111111111111111111111111111111111111111IIIIIIIII1111112 

International Rectifier 
Corp. 

730 Airborne Ave. 

Latest developments in industrial selenium 
and germanium power rectifiers, miniature 
rectifiers, color TV rectifiers, high voltage 
cartridges, selenium and germanium diodes 
and selenium sun batteries. 

-É 

E 

5. 
E 

• Indicates new product 

(Continued on page 237A) 

PROCEEDINGS OF THE March, 1935 

Phone: HObart 4-1202 

CULVER CITY, CALIF. 3895 MAIN ST. 

Shiekling 
Rooms 

A PARTIAL LIST FROM CURRENT RECORDS... 
ELECTRONIC MANUFACTURERS ... *Admiral Corporation *Air Associates Bell 
Sound System *Bendix Aviation Corporation Allen D. Cardwell Co. Eclipse. 
Pioneer *General Electric Co., Holyoke Mass.; Utica, N.Y.; Johnson City, N.Y.; 
Cincinnati, Ohio Hoffman Radio Corporation Melpor, Inc. *Motorola, Inc. 
Northern Electric Co., Ontario, Canada *Radio Condenser Co. *Radio En-
gineering Lobs., Inc. Raytheon Mfg. Co. *R.C.A., Bloomington, Ind.; Browns 
Mills, N.J. ; Camden, N.J.; Harrison, N.J.; Lancaster, Pa.; Moorestown, N.J.; 
Los Angeles, Calif. *Sperry- Gyroscope Co. *Stewart-Warner Electric Co. 
Sylvania Electric Products Co. Western Electric Co. * Westinghouse Electric 
Corporation, Buffalo, N.Y. Air Arm Div. Westinghouse, E. Pittsburgh, Pa. 
*Westinghouse Electronics Div. Baltimore Philco Corporation Avionex 
Electronics Corporation General Precision Laboratory Radio Engineer-
ing Laboratories, Inc. 
AVIATION COMPANIES . . . * Boeing Aircraft Co. *Chance-Vought 
Aircraft Consolidated Vultee Aircraft Grumman Aircraft Engineering 
Corporation Hughes Aircraft Co. Republic Aviation Corporation 
Temco Aircraft Corporation Douglas Aircraft Co. Air Research 
Aviation Co. Airborne Instrument Laboratories Glenn L. Martin Co. 
Lockheed Aircraft Corp. 

U. S. GOVERNMENT AGENCIES INCLUDING: *Buaer Bureau of 
Yards and Docks *USAF U. S. Coast Guard U. S. Radiological 
Laboratories * Civil Aeronautics Administration *Signal Corps 
Notional Bureau of Standards Corps of Engineers. 
UNIVERSITIES . . . *Massachusetts Institute of Technology 
University of California New York University 
MISCELLANEOUS ... Bell Laboratories Bell Sound Labo-
ratories Bertice Electric Co. Carbide & Carbon Chemical 
Div. City of Rochester, N. Y. Eastman Kodak Co. E. I. 
duPont deNemours & Co. International Electronic En-
gineering, Inc. Manning-Maxwell-Moore Allison Divi-
sion of General Motors Corp. California Research 
Corporation General Electric Co., Utica, N. Y. Fluor 
Corp. Ltd. Drake-Merritt J. A. Construction Plus 
rooms sold to electrical contractors, State and 
Municipal agencies 

'designates organizations that have 
' mode repeated purchases 

SHIELDING, Inc.* 
customers are a 

of American Industry, 

Science and Government Agencies 

*Complete Ilst on request 

•..••...,.. • . 

Screen or solid enclosures with attenuation 
characteristics— 

MIN 100DB from . 10 

to 10,000 MC and HIGHER 

Critically tested and rated by the most authorita-

tive methods. Easily moved, enlarged, decreased, 

modified by the use of exclusive, own design, inter-

changeable panels and doors. Wide choice of filter 

panel locations, filters, ventilating entries, laboratory 

benches, illumination, etc. (To fit your specific problem!). 

Erected anywhere by our trained crews—or do-it-your-

self f-om clear instructions supplied. Catalog with valuable 

data mai ed on recuest. 

FOR MILITARY USE 

SPECIFY 

MIL-E-4957A 

(ASG) NOV. 1954 
(Joint USAF 

US NAVY BUAER 

Specifications for 

shielded enclosures) 

"The talent to create— 
The skill to produce." 

MS SHIELDING 
RIVERSIDE, N. J. 

C. 

Phone: TEXAS 0-32111 
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How to 

Measure 

Vacuum 

from 1000 
to 

.0001 mm. Hg. 

Quickly, Easily, Accurately 

with ONE 

Trouble- free Gauge 

The AC-operated Model 517, newest of the 
Alphatron ii. Vacuum Gauges, with 6 ranges 
covering pressures from 1000 to .0001 mm. 
Hg. Price: 5425. 

The Model 517 AlphatrorOe Vacuum Gauge 

provides continuous accuracy, instantaneous 

response, and linear measurement over the 

widest range of any AC- operated vacuum 

gauge. It has a connection for recorder or 

controller. This gauge is also an efficient, 

low cost leak detector. 

Another new addition to the Alphatron 

line is the AC- operated Model 515 with a 

four- decade logarithmic scale covering 

ranges from 10 to .001 mm. Hg. Price: $ 225. 

Send for Dota Sheets on our complete 

line of vacuum gauges and accessories. 

NARESCO 
EQUIPMENT 

CORPORATION 

NARESCO EQUIPMENT CORPORATION 

Equipment Sales Subsidiary of 
National Research Corporation 

103Chorlemont St., Newton Highlands 61, Mass. 
Please send me Data Sheets: 

fl Model 517 Alphotron* Vacuum Gauges 
n Model 515 Alphatrone Vacuum Gauges 
n All other NRC Vacuum Gauges 

Name  Title— 

Company  
Address  

City State  

FOR TRANSISTOR 
APPLICATIONS 

\' 

TUBELESS 

—*mike 

High Conversion Efficiency 

Low Heat Dissipation 

Excellent Transient 

Response 

\' Stable, Trouble-Free 
Operation 

\ No Tubes, Long Life 

\ Zero Worm-Up lime 

\ Dual AC or DC Outputs 

HIGH CURRENT SUPPLY 

The Model 30 Tubeless Supply is a portable, 
variable low voltage, high current DC/AC 
power supply designed especially for high 
amperage applications. Ideally suited for high 
power transistor amplifiers, regulated AC or 
DC filament supply, solenoid and magnetic 
clutch operation, AC motor control, and all 
types of high current AC or DC laboratory 
and factory applications. 

Specifications 
Input  100-125v, 60 cps 
Output Voltage  0-30 volts DC or 0-130 volts AC 
Output Current  1.5 amperes max., 30 va capacity 
Line Regulation   
 Less than -±- I% change in output for 100-125v input 

Load Regulation  Internal DC imp, less than 2 ohms 
Ripple  Less than 1% for DC output 
Hardwood Case, 8" x 11" sloping panel   

For Additional Information Write far Bulletin PS 

Ste our line of transistor instruments and miniaturized 
components at Booth 216, Instruments Ave., I.R.E. Show. 

Model 30M , lust ated ....$ 117.50 
Model 30     97.50 

All prices F.O.B Nutley, N.J. 
Sales Engineers in all Areas 

ELECTRONIC RESEARCH ASSOCIATES, INC. 

MAILING ADDRESS: BOX 29, CALDWELL, NEW JERSEY 

67 EAST CENTRE STRE'ET, NUTLEY, N.J. NUtley 2-5410 

Need special  

transformers fast? 

You can get them from us, engineered to 

your specifications and produced faster 

than you may think possible. 

Our staff of design engineers have long 

experience in communications. They know 
how to design around special problems of 

size, weight, high voltage or temperature; 
and they understand over-all circuit re-

quirements. They can design what you need. 

And our manufacturing and inspection 

facilities can put the engineers' design into 
quality-controlled production in a remark-

ably short time. 

When you have a transformer  problem, call on 

CALEDONIA 
ELECTRONICS 8, TRANSFORMER CORP 

SALES OFFICES: Boston, Chicago. Cleveland, US Angeles, 
Rex York, Palo Alto, Philadelphia; In Canada: Toronto, AmPtior Dept. PI- 3, Caledonia, N. Y. 
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What to See at the 

Radio Engineering Show 
(Continued from page 235A) 

INTERNATIONAL RESISTANCE CO. 
Philo., Pa. 

553 and 555 Components Ave. 

IRC will display Automation Machinery 
in addition to its standard line of 
Resistors and Controls, including new 
smaller sizes of Molded Deposited and 

Boron Carbon Resistors • Power Types • 
Chokes • Encapsulated Precisions • Preci-
sion Potentiometers • Hermetic Seal Ter-
minals • Varistors • Selenium Rectifiers and 
Printed Circuits. 

International Television Corp., 623 Cir-
cuits Ave. 

See Colortone Electronics, Inc. 

J-B-T Instruments, Inc., 205 Instruments 
Ave. 

Vibrating rod frequency meters including 
sealed types, rotary selector switches, JAN-S-23 
toggle switches, lever action switches, tempera-
ture measuring instruments, elapsed time 
meters, including 400 cycle sealed type, reason-
zbl y priced. 2' ac abd de electrical panel meters 
made by subsidiary Shunte Meters. 

/fete 2e --

dethiemiets 

» ID MFG. Co. Inc. 
Brooklyn 4, New York 

Booth 123, T EALVEEVNI Su I EON 

Piston Capacitors, Military Communication 
Equipment, TV Antennas and Accessories. 

Jackson Company, Byron, 92 Palace 
*Rollin microwave signal generator employing 
automatic frequency stabilization. Wibratron 
pressure-frequency transducer. "Rollin differ-
ential slotted line. 

James Vibrapowr Company, 658 Circuits 
Ave. 

Will exhibit full line of power vibrator, mili-
tary vibrator power supplies, instrument chop-
pers, coaxial switches and will introduce line 
of tone generators and resonant relays. 

Jan Hardware Mfg. Co, Inc., 83 Palace 
'Controlled Torque-Safety Knobs with built-in 
slip clutches. °Shock Testing Machine to test 
the shock stress resistance of delicate elec-
tronic components, a totally new concept in 
Bezel Assemblies along with a wide variety of 
magnetic shields. 

436 Electronic Ave. 
Vacuum Capacitors, Fixed and Variable 
Types. Vacuum Relays for DC, 60 Cycle and 
rf Circuits. High Voltage Vacuum Tube Volt-
meter. 

`Indicates new product 

(Continued Olt Page 239A) 

Show Hours: Monday 10 AM-10 PM 

Tuesday 10 AM 10 PM 

Wednesday 10 AM— 5 PM 

Thursday 10 AM- 10 PM 

"CLIP-TYPE" 
closed entry socket contact 

now standard in 

BENDIX 
SCINFLEX 
ELECTRICAL 
CONNECTORS 

Cannot be overstressed — eliminates 

intermittent circuit problems resulting 

from socket contact malfunction. 

The heart of any electrical connector is the socket contact. 
This is why the Bendix-Scinflex* socket contacts have 
always been machined from bar stock. Stampings, with 
their required thin sections, can be easily overstressed. 

Even with the machined sockets, industry has been 
plagued with overstressed spring leaves due principally 
to the misuse of test probes and lax tolerances on pin con-
tacts. Bendix engineers have now provided the only socket 
contact on the market today which completely eliminates 
all these problems. 

The "Clip-Type" socket will not accept any oversize 
probe or pin nor can one be forced into it. Also, no amount 
of wrenching or twisting of an acceptable pin or probe can 
possibly distort the spring clip. This new socket is now 
standard in all Scinflex connectors including those using 
solderless, high-temperature and thermocouple contacts. 

Our sales department will be glad to furnish complete 
information on request. *TRADEMARK 

SCINTILLA DIVISION of nee/ 
SIDNEY, NEW YORK AVIATION CORPORATION 

Export Sales: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 
FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. • Stephenson 
Bldg., 6560 Cass Ave., Detroit 2, Michigan • 512 West Ave., Jenkintown, Pa. • Brouwer 
Bldg., 176 W. Wisconsin Avenue, Milwaukee, Wisconsin • 8401 Cedar Springs Rd., 
Dallas 19, Texas • American Bldg., 4 S. Main Street, Dayton 2, Ohio • 1701 "K" Street, 

N. W., Washington 6, D. C. • Boeing Field, Seattle 8, Washington. 
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COLOR TV- UHF VHF 

VHF - UHF BALUNS 
Complete line of baluns 
matching 50 or 75 ohms 
to 300 ohms over VHF 
and UHF TV Bands with 
negligible insertion loss 
and SWR less than 1.2. 

Designers 

and 
WAVEMETER 
Unique coupling 
loop permits 

Manufacturers of coupling to normally inac• 
cessible circuitry. 
Cavity tuned. 
No sliding con-
tacts. Microam• 
meter indication. 

• UHF TRANSFORMERS 

• UHF BALUNS 

• UHF WAVEMETERS 

• UHF GRID-DIP OSC. 

• UHF REFLECTION 

BOX 

• VHF BALUNS 

• VHF REFLECTION 

BOX 

• TERMINATIONS 

• LO-C 

OSCILLOPROBE 

• SOUAREWAVE 

GENERATOR 

• NOISE FIGURE 

TEST SET 

• VIDEO LINE 

AMPLIFIER 

11F-10 SQUARE 
WAVE GENERATOR 
Wide range ( 5 cy 
to 5 mc) Fast rise 
time. Adjustable 
symetry. 

ON 
DISPLAY 

#786 BOOTH 
or write Dept. R-S 

EINIA 

LO-C OSCILLOPROBE 
Probe Head and 
Wide Band Ampli. 
fier ( 12 mc) 
Provides negligible 
circuit loading ( less 
than 2mmf) 
Greatly extends use-
fullness of any os-
cilloscope. 

LA-2 VIDEO LINE 
AMPLIFIER 
Specifically designed 

• to handle color sig-
nals without corn-

' pression. Choice of 
output polarity. Ideal 

• for production line 
use. 

UHF GRID-DIP-
METER 
Small coupling loop 
permits ready ex-
ploration of tuning 
elements. Invaluable 
aid in design of 
UHF tank circuits. 

EQUIPMENT 
LABORATORIES 
INCORPORATED 

380 OAK STREET, COPIAGUE, N.Y. 

- 

40" 

FALSTROM 
SHEET METAL-
EABRI CAT ORS 
chassis, cabinets 
housings, 
enclosures, etc. 

• 

1 

Falstrom has the quick, accurate, low cost answer 
to your instrument mounting needs, regardless 
of shape, size, metal (aluminum, steel, stainless 
steel, etc.) or finish ... regardless of whether 
you need one unit or thousands! 

Design to assembly—Falstrom handles the 
complete job under one roof. Falstrom engineers 
are highly experienced; Falstrom facilities are 
modern. And—wherever possible—Falstrom 
makes use of standard production techniques, stock 
tools and dies—to eliminate unnecessary costs! 

Ask for quotes on your blueprints, samples 
or sketches—no obligation. Contact Falstrom 
now—write, wire or phone for your 
illustrated Falstrom catalog # 142-B. 

FALSTROM MEANS IT'S 

THAT MUCH BETTER! 

ALM OM 
FALSTROM COMPANY, 93 Falstrom Court, Passaic, N. J. 
PRescott 7-0013 Since 1870 
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What to See at the 

Radio Engineering Show 

(Continued from page 237A) 
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Howard B. Jones Div. 

Cinch Mfg. Corp. 

394-396 Broadcast Way 

Multi-contact plugs and sockets— 

! barrier terminal strips—fanning 

strips—terminal panels—fuse mounts. 

F1111111111111111111111 11111111111111111111111111111111111111111111111111111111IIIIIIIIIII1111111111111111111111111111111111e 

M. C. Jones Electronics Co., 

Inc. 

685 Circuits Ave. 

Standing Wave Ratio and RF Power 
Measuring Equipment—RF Absorp-
tion Type Wattmeters—Dummy Load 
Resistor and new •Primary Standard 
of RF Power. 

Kaiser Metal Products, Inc. 

16 Palace 

Precision Digital Delay Generator to 

measure and generate time intervals 

at variable repetition rates. Accurate 

to one part per million. 

KARP METAL PRODUCTS CO. 
Div. or H & B American Machine Co., tile. 

349 Computer Ave. 
Specialists sin engineered 
sheet metal enclosures for 
electronics. Cabinets, racks, 
chassis at low cost. Complex 
units produced entirely with 
stock tooling. Advanced 
welding, finishing tech-
niques. 

C. B. Kaupp & Sons 

720 Airborne Ave. 

Precision formed metal components 

for prototype including economical 

"Hydroformed" parts for develop-

ment. 

(Continued on page 241A) 

Busses every eight minutes 

Kingsbridge to Waldorf Astoria 

FREE 

1 NEW 6/12 DYNAMOTOR POWER FOR 60 WATT 144-176 MC MOBILE RADIO TRANSMITTERS 

CONVeTER is 
Operate recording and 
audio equipment from 6 

• 115 vshirimm. 

DYNA 

Ad wt 6 volt moisi e fee. -

Vg> 

INDUCTOR 
ALTERNATORS 

Prey de 400 to 800 cycle 
ut. 

Now, Carter engineering solves the 6/12 volt change-

over problem in mobile radio installations. For, with 

Carter 6/12 y. DUOVOLT power, standard communica-

tiors equipment can be used in ANY automobile . . . 

in NEW CARS with 12 volt batteries or older models 

with 6 volt circuits. 

To everyone who buys, sells, uses or services mobile 

radio, it's good sense to specify DJOVOIT power. Then, 

you're sure of 6/12 versati ity combined with the proven 

dependability of rotary dynamotor power. 

Carter 6/12 v. DUOVOLT genemotors draw minimum 

curren', opercre at high efficiency. Low r.p.m. speed 

makes for longer life, cuts maintenance cost. Five models 

provide adequate capacity for 

even the most powerful 60 

watt sets. Backed by 23 yews 

experience in mobile rodio 

power. 

7/tad ecce,fte« 
for bulletin 954A, perform-

ance charts, specifications and 
prices. 

11 

2645 N. Maplewood Ave. 
Chicago 47, Illinois 

ROTARY POWER 
IS BEST 

In modern screw-driven 
low-boats, smooth RO-
TARY power has long 
since displaced the vi-
brating pulsations of' 
the paddle wheel, just 
like dependable RO-
TARY power has proven-
best for mobile radio. 

CARTER MOTOR CO 
2645 N. Maplewood Ave. 
Chicapo 47, Illinois 

Please send Bulletin 954A, with performance charts, 
specifications and prices of Carter Duovolt gene. 
motors. 

Marne   

Address   

City  State  
ammo.,  
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Stevens Wire starts with 

the finest .. GARFIELD WIRE 

to end with the 
the best .. SERVED WIRE 

Starting with GARFIELD Enameled Mag-
net Wire, the Stevens Wire Insulating 
Co., Chicago 30, III., produces only the 
finest in served wire 

You start with the finest when you start 
with Garfield enameled wire, because 
our modern drawing and enameling equip-
ment, our rigid production control and our 
stringent inspection system are geared 
to produce only top-quality wire with tol-
erances closer than NEMA specifications. 

.. and that goes for all Garfield wire. 
bare solid copper—concentric strand con-
ductors— bunched copper conductors— 
tinned solid copper wire—bunched tinned 
copper conductors 

Write for complete price lists and speci-
fication charts on all the Garfield Wires. 

ARFIELDFIE DIVISION 
'e 

142 Monroe St., Garfield, N.J. GRegory 2-3661-2 

SPECIFY 

achon Trade Mark 
Dials • Panels • Scales 

Made to the Highest Degree of Accuracy 

Edgelit • Translighted • Backlit 

Equip your instruments with sharp, easy to read Lackon dials, 
panels, etc.... made to any size ... any shape ... any quantity 
... accurate to your most critical tolerances ... uniform and 
highly durable. Printed on metal, plastic, glass, etc., in black 
and white or multi-color. Passes all government tests. Send for 
illustrated brochure or contact: 

SUN DIAL CORPORATION • CcsIdwell, N. J. 

13 OURN.5 
sub- miniature 

nITrIPOTS 

PROVIDE 

ria "HE ULTIMATE 
IN CIRCUIT 

TRIMMING 

Simple screwdriver adjustment... 
The 7Tt ITA POT is a 25 turn, 
fully adjustable wire-
wound potentiometer, 
designed and manufactured 
exclusively by BouRNs 
Laboratories. Electrical 
settings in increments of 
1/4 to 1/2 % are securely 
maintained dtiring vibration 
of 20 G's up to 2,000 cps or 
sustained acceleration of 
100 G's. BOURNS' unique self-
locking design eliminates 
cumbersome locknuts. Power 
rating is 1,'4 watt at 100° F. 
Standard resistance values from 
250 ohms to 25.000 ohms arc 
available for immeatte delivery. 
Information on higher and 
lower resistances on request. 
• 
BOURNS TUMPOTS are accepted as 
standard components by aircraft and 
missile manufacturers and 
major industrial corporations. 

9 TWÏMPOTS 

TAKE LE SS 

SPACE THAN 

A 2ç STAMP 

Tiny cross-sectional size— only 1/4" x 5/16" 
—and rectangular shape save valuable panel 
space. Instruments are easy to mount indivi-
dually or in stacked assemblies with two 
standard screws through the body eyelets. 

Bourns also manufactures precision potenti-
ometers to measure Linear Motion; Gage, 
Absolute, and Differential Pressure and 
Acceleration. 

.011R11.5 

LABORATORIES 
6135 MAGNOLIA AVENUE 
RIVERSIDE, CALIFORNIA 

Technical Bulletin On Request, Dept. 
I © 13 L PATENTS PENDING 
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What to See at the 

Radio Engineering Show 

(Continued from page 239A) 

Kay Electric Co. 

242-246 Instruments Ave. 

Sweeping Oscillators • Marker Gen-
erators for Video, UHF & VHF Fre-
quencies • Noise Figure Measure-
ment & Gain Sets • Noise Generators, 
calibrated 5mc-26,500mc • Pulse 
Carrier Generators • VHF-UHF Low 
Power Color Transmitters • Color 
Bar & Dot Generators. 

KAY LAB San Diego 
California 

Electronics for Communication, 

Measurement, and Control 

• Absolute DC Power Supplies 
• DC Decade Amplifiers 

• DC Microvoltmeters 
• Industrial Television Systems 
• Broadcast Television Systems 

261, 263 Instruments Ave. 

ear oit Company, Inc 

—  Little Falls, N. J. 

156 Television Avenue 

AIRCRAFT NAVIGATION SYSTEMS 

AIRCRAFT INSTRUMENTS • SYNCHROS 
SERVO MOTORS • TACHOMETER 
GENERATORS • GYROS ( FREE, RATE, 
VERTICAL) • MAGNETIC AND SERVO 

AMPLIFIERS • HERMEFLEX • ANGLE 
COUNTERS • INDUSTRIAL SERVO SYSTEMS 

Keithley Instruments, 66 Palace 
Vacuum Tube Electrometers for use as de volt-
meters, kilovoltmeters, microammeters, micro-
microammeters, megohmmeters, dc amplifiers, 
and static detectors. 

Kemtron Electron Products, Inc., 479 
Electronic Ave. 

Diodes—microwave, television, computer, in-
dustrial instrumentation types. Special silicon 
and germanium semiconductor products. New 
and improved *computer type diodes: square 
law, linear- logarithmic, transient perfect. 

Kennedy & Co., D. S., 64 Palace 
Exhibiting scale models of 28 ft. and 60 ft. 
Parabolic Antenna Systems. Fiberglas Ra-
domes and Reflectors. Radar Antenna Reflec-
tors. 

The la•est in transformers 

Miniature, Molded, 

Cased, Oil Filled, T-Line, 

Toroids, at Booth 541 

KENYON TRANSFORMER CO., Inc. 

840 Barry St., New York 59 

Indicates new product 

(Continued on page 242A) 
RELAYS • SOLENOIDS • COILS • TRANSFORMERS • SWITCHES • HERMETIC SEALING 
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Good products 

deserve 

good 

components 

Comar 

components 

help 

good products 

perform better 

If you use relays, solenoids, coils, 

transformers, or switches, in 

your product, your best source is 

Comar. Custom-manufactured 

to your specs, Comar components 

provide maximum efficiency 

and dependability at low cost. 

Send for full details now! 

Visit Booth 314 

The I. R. E. Show 

amar 
ELECTRIC COMPANY 

3349 ADDISON STREET 

CHICAGO / 8, ILLINOIS 



THIS BOOK DOESN'T 

... but it's full 
of ideas 

you can use 

QUCCESSFUL developments in the electronics field de-
pend mainly on three things: ideas . . . experience ... 

facilities. This book is full of all three. 

Just a short request on your letterhead ... or the coupon 
below . . . will bring this valuable book in the mail to 
you at once. 

Sompson Products, Inc. 
ELECTRONICS DIVISION • 2196 CLARKWOOD ROAD, CLEVELAND 3, OHIO 

Thompson Products, Inc. 

Dept. SI, Electronics Division 

2196 Clarkwood Road, Cleveland 3, Ohio 

Please send me a copy of Electronic Advancement. 

Name Title 

Company  

Address  

City  

II • 

What to See at the 

Radio Engineering Show 
(Continued from page 241A) 

Kepeo Laboratories 

342, 344 Computer Ave. 

Power Supplies 

Frank Kessler Company 

29 Palace 

See World's Smallest 

Sub-miniature Transformer 

Kester Solder Company 

521 Components Ave. 

*Very latest development in Kester 
"Solderforms" ( Preformed Solder) 
Nothing like it before: Washers, 
Discs, and Special Stampings of 
Solder that are FLUX-FILLED! No 
Other Flux Needed. 

A Division of Not-den-Ken:), Corporation 

..". e tayLABORATORIES 
Booths 629-631 Circuits Avenue 

Synch ros 

Servo Motors 

Resolvers 

Serve Amplifiers 

Airborne Instruments 

Eleztronic Equipment 

Keystone Electronics 

Company 

736 Airborne Ave. 

Quartz crystals of every type for 
frequency control applications in 
military and commercial equipment. 

*Indicates new product 

(Continued on page 245A) 

Show Howe Monday 10 AM-10 PM 

Tuesday 10 AM-10 PM 

Wednesday 10 AM— 5 PM 

Thursday 10 AM-10 PM 
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INTERNATIONAL 

the WIDEST RANGE in the INDUSTR 

INTERNATIONAL 
industrial power rectifiers 

Ratings to 250 KW, 50 mo to 2,300 amperes and up. 

From 6 volts to 30,000 volts and up Efficiency to 37%. Power factor to 

95%,. Ce I s zes frcm 1 sq. ir. to 42 sq. in. Ambient temperature raige to 125C without 

deratmg. Write for Bulletin C-349. 

---ffl11111111. 

00 
INTERNATIONAL 
tv and radio miniature rectifiers 

Input rat.ngs f-om 25 to 95 volts AC and up. 

DC output current from 10 to 1,000 nsa. Availab e in half wave and 
voltage multiplier units. Bridge units available 

to 1 200 m. Write for Bulletin ER- 178A 

INTERNATIONAL 
high voltage cartridge rectifiers 

DC output voltages from 20 volts 

to 20,000 volts and up. DC output current, half wave, 

from .2 to 195 ma Cell diameters: 1 / 16" to 1" Overall 

length: 1 2" to 12'. Available with pigtail, stud, o- ferrule terminaqs.Hermetically.seated 
..c liwes also avail Iletin 

INTERNATIONAL 
RECTIFIER CORPORATION 

EL SEGUNDO, CALIFORNIA • ORegon 8-6281 
NEW YORK: 501 MADISON AVENUE • PLaza 3-4942 

CHICAGO: 205 W. WACKER DR. • FRanklin 2-3889 

ia;z9eAi` Êei,p,ptierz 
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CONSULT 

ti) 
Your product benefits -Tr 
3 ways from the use 
of a DIALCO Pilot Light: 

Enhanced appearance: 
The glow of light and 
sparkle of a lens add 
colorful visual attraction. 

Greater safety: A timely 
warning flashed by a 
pilot light can prevent 
damage to equipment. 

Added service: Discs 
inserted behind lenses 
can be used to deliver 
specific messages, such 
as "FUEL LOW", 
"ON", "OFF", etc. 

Let the Dialco engi-
neering department as-
sist you in selecting 
the right lamp and 
the most suitable pilot 
light for your needs. 

Dialco offers the com-
plete line of pilot 
lights, from sub-mini-
ature types to giant 
units with 11/2" lenses. 

Every assembly is avail-
able complete with lamp. 

SAMPLES ON RE-
QUEST AT ONCE — 
NO CHARGE 
Illustrations are ap-
prox. 70% actual size 
. . . (A) No. 8- 1930-
III sub-miniature 
pilot light ...(B) No. 
521308-991, with mul-
tivue cap (C) No. 
922210-111, dimmer 
typa. ..(D) No. 47901 
with light shield cap. 

Write for Catalogues 

L-151, L-153, and L-154 

Foremost Manufacturer of Pilot Lights 

DIALIGHT 
CORPORATION 

60 STEWART AVE. • BROOKLYN 37, N. Y. 

HYACINTH 7-7600 

PLANT AT 
BROOKLYN, N. Y. 

Booths 177, 179 at the IRE Show. 

WRITE FOR CATALOGUE hl 

Shows cases, ranges, prices 

Try this on 

your recorder! 
Model 745 
41/2 " Semi-Flash 

Famous names choose Burlington 
for consistent quality and prompt 
service. Burlington offers the widest 
range of VU meters—from 1W to 
4W in a variety of case materials 
and styles including bakelite, metal, 
hermetically sealed and sealed 
ruggedized. Square, Round, 
Rectangular and Fan-shaped. 
Standard meters of every description. 
"If you don't see it—ask for it"— 

Visit our Booth 673, Circuits Ave., IRE Show. 

BURLINGTON INSTRUMENT COMPANY 
129 N. Third St., Burlington, Iowa 

CUSTOM BUILT TO SPECIFICATION 

Hew! mark'OSCILLOSCOPE 
The only oscilloscope COMPOSITELY-DESIGNED to embody 

ALL the features wanted by engineers for general 

purpose work! At the industry's lowest cost! 

• From DC to beyond 10 mc. 

• Sweep speeds .25 microseconds to 
10,000 microseconds per INCH! 

• Crystal-controlled sweep calibration. 
• Precise vertical amplifier calibration. 
• Vertical sensitivity 100 millivolts per 

inch. 
• New flat-face CRT (5AMP1). 

• Signal delay . 15 microseconds, switch-
able in or out ( latest distributed para-
meter delay line). 

• Rise time less than .04 microseconds 
(10 to 90%). 

• Functional layout of all controls. 

iL 06 
e • (le 

ley 
„, 
t. 

Ask for a free demonstration. Write for 

Catalog P-3. 

See our IRE Booth 58, Palace. 

3 I WEST 27TH STREET • NEW YORK I, N. Y. 
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What to See at the 

Radio Engineering Show 

(Continued from page 242A) 

BOOTH 804 
AUDIO AVENUE 

custom transformers 
magnetic amplifiers 

hiertffnePRODUCTS CO. 

23RO STREE - • UNION CITY 2. N. J. 

Kimble Glass Company, 142, 144 Tele-
vision Ave. 

Kimble Glass Company will exhibit television 
bulbs, electronic glassware and other glassware 
items related to the electronic field. 

Kinetix Instrument Div., 629-631 Cir-
cuits Ave. 

See Ketay Mfg. Corp. 

Kings Electronics Co., Inc. 

506, 508 Components Ave. 

Coaxial connectors, radar-aircraft 

antennas, microwave assemblies com-

ponents, cable assemblies, waveguide 
components, telephone jacks and 
plugs. 

The James Knights 
Company 

516 Components Ave. 

Crystals for the Critical. High stability 

quarts crystals for Otter oscillator and ultra-
sonic use. Wide range of frequencies. Famous 
"Glasline" quarts crystals. Precision crystal 

ovens, variety of sizes, precision low frequency 
standard,. 

Kollsman Instrument Corp. 

790 Airborne Ave. 

Aircraft Instruments. Precision Con-
trols. Precision Computers and Com-
ponents. Optics. Radio Communica-
tions and Navigation Equipment. 
Motors and Synchros. Instruments for 
Simulated Flight Trainers. 

Krengel Mfg. Co., Inc., 95 Palace 
Marking devices—engraved schematic vinylite 
and blacktex stamps and dies—steel stamps— 
special inks—bakelite plates—conveyor mark-
ing machines—interchangeable rubber type— 
rubber stamps. 

Krohn-Hite Instrument Company, 201 
Production Rd. 

Ultra- low distortion amplifier —0.005% IM at 
50 watts. Ultra-high regulation power supplies 
—0.001%, 0 to 500 V., tA amp. Variable electronic 
filters and ultra wide range oscillators 0.001 to 
100,000 cps. 

(Continued on page 216A) 

RECORDS 3-T0-16 TRACES 

PER PRINT... 

OMATICALL 

IMMEDIA— ELY AVAILABLE FROM STOCK 

A D MANUAL .(?) 

Ft D 0 

6,0 SECONDS 

echnicol adr Antages of the FECORDO• 

OPE 'S ou'i mrstc magazine • shifting 
peration pe.-inits the cornera to be 
re set for dam 3 ro. IA tro,es on each 

a 4- PCLAROID• pint. Thus. 
rough progressive recordings on o 

agie print, tie technician can imrned , 

tely compare one evaluote changes 

curring in sr e4ctronic parameter 

es a wide •ariation, thereby simpli 

optimizction of a circJi 

penta 

SIM?LE TO-OPERATE Uses POLAROID' 
-ragtazine and standard Polaroid 

Delli,ers finished print in 60 seconds. 

e-o,ide. full size. Image on 3- scope, 

▪ zilf site image on 5- scope . with 

15 image reversal. STURDY CAMERA 

MO ,JNT with swing•oway adopter 

-incd. Camera easily smit.ng aside when 

▪ :n icsn. VERSATILE ... one camera 

con service several scopes. Can be 
rterchonged in secords. 

AREMAL: MANUAL R E CO R D.OSCOPE 

Where technical limitatiors oi applicatio 

rust justify use of the outoma ic ireogcrine-s 

feteure, the manually operct±i anrsros 

RECORDDSCOPE 1185 fulfills eicamnd.ng technic 

nngineering needs for on osziilos:ope - 

greater capacity, accuracy, efficiency and a 

This camera, when eequirements demand. is 

for easy factory conversion to aulioniat c operatic 

Apemac 

f'w'aeuiel 

ASSOCIATES 
Manufacturers of Precision Mechanical 
and Optical Instruments 
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z,</(04,62eL ORIGINAL 
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ACTUAL 
SIZE 

TEFLON 
TERMINAL! 

Sealectro has pioneered the use of Teflon** in its " Press-Fit" stand-off and feed-thru terminals. 
And the "Press-Fit" technic of simplified mounting reflects years of specialized engineering in 
closest collaboration with designers and assemblers who want the very best. Such "know-how" 
is available to you, through Sealectro. 

Here, briefly, is why Sealectro "Press-Fit" Teflon terminals are so popular in so many fine 
assemblies: 

"Press-Fit" Teflon terminals press-fit into 
chassis holes by means of inexpensive 
insertion tool Teflon seals terminal 
firmly and permanently in place. 

Stand-offs, feed-thrus, connectors and 
other "Press-Fit" Teflon pieces available 
in wide variety of standard and special 
types. Also sub-miniature types used in 
most compact assemblies. 

INSULATION 
Typical electrical characteristics: Dielec. 

tric Strength, 400 to 500 V/mil. Volume Resistivity, ohm-cm., 
less than 10li. Surface Resistivity, 100% R.N., 3.6 X 106. 
Dielectric Constant, 60 cycles, greater than 0.0005; 101 
cycles, greater than 0.0005. Excellent Temperature Stability 
of dielectric properties. Non- adhesive Surface. No Shelf 
Deterioration. Etc. 

111:=111 Unaffected by widest range of climatic 
conditions. Immune te chemicals and salts. Unaffected by 
corrosive atmospheres or fungus. Zero water absorption. 
Will not melt, burn, char. No breakage or damage from 
vibration, mechanical shock, rough handling. No acute 
strain point as with fused glass and metal seals with dif-
ferent thermal expansion rates. Resists collection of dust 
and dirt to non-adhesive surface, prolonging use of maxi-
mum terminal ratings. 

MINIATURIZATION 
Teflon's superior insulating prop-

erties enable quick and easy miniaturization. Minimum mate-
rial for maximum insulation. Replaces glass and ceramics. 

ag=31 "Press-Fit" means pressing insulator into 
chassis hole, with inexpensive Sealectro insertion tool. No 
hardware needed such as nuts, washers, screw-threads, 
glands, gaskets. Precision-machined insulator press-fits into 
chassis hole for immediate yet permanent mounting. With-
stands 10 lbs. pull test. 

— AND ECONOMICAL! 
"Press- Fit" eliminates usual 

mounting hardware. Big saving in materials. Likewise in 
labor. Overall cost compares favorably with ordinary terminals. 

SEE THEM . . . GET THE DETAILS . 

During the IRE CONVENTION, at Booth 48, Kings-
bridge Palace. Or write for sample and literature. 

*Pat. Pending. 

••Reg. Trade-mark of E. I Du Pont de Nemours 8, Co. 

CORPORATION 
Manufacturers of ** PRESS- FIT' TERMINALS 

186 Union Avenue • NEW ROCHELLE, N. Y. • ' Phone NEw Rochelle 2-6015 

What to See at the 

Radio Engineering Show 
(Continued from page 245A) 

Kulka Electric Mfg. Co., 
Inc. 

425 Electronic Ave. 

Molded barrier type terminal blocks, con-
venience outlets, lampholders, harnesses, JAN 
-S-23 electronic switches, terminals, solder 
lugs, laminated terminal strips, "Kliptite" 
quick disconnect terminal blocks, fanning 
strips. 

Kupfrian Mfg. Co., 470 Electronic Ave. 
Flexible shaft couplings, and flexible shaft 
assemblies for remote control of potentiometers, 
tuners, switches, counters, and other instru-
ments and components; electrostatic wire 
shielding; push-pull controls; universal joints; 
portable motor generators; electric harnesses. 

Laboratory for Electronics 

229-328 Radar Rd. 

*dc.10 inc oscilloscope, plug-in adapt-
ers, delayed trigger generators, micro-
wave oscillators; • time-rate indicator 
with top speed of ten million im-

pulses per second. 

Frecision 

Equal-amplifier 
Oscilloscopes 

BURLINGAME ASSOCIATES 

234-236 Instruments Ave. 

LAM-131)2k 
INDUSTRIAL AND LABORATORY 

POWER SUPPLIES 

FIRST CHOICE OF MEN 
WHO BUY POWER SUPPLIES 

467, 469 Electronic Ave. 
Lambda Electronic Corp. 
103-02 Northern Boulevard 

Corona 68, N. Y. • TWining 8-9400 

BOOTH 386; MICROWAVE AVE. 

Lambda-Pacific 
ENGINEERING, INC. 
MANUFACTURERS OF 

• Microwave Link Systems 
• T-V Boosters 
• Printed Circuits 
• Terminal Boards 
• Silk Screen Processing 

(Continued on page 249.4) 
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SUB-MINIATURE 

CAVITIES 
2750 - 3000 rric 

Sub-miniature is the word. The new Polarad S-Band 
cavities are only 3" long and 1' in diameter, yet 
outperforrr many larger cavi'ies. They are par. 
ticularly suited for beacon transmitters missiles, 
radar, etc., where mhiaturizaion is a key factor 
in the doze of componen:s. These cav,ties with-
stand vibration, 500 g shock : est, 1)0 g longi-
tudinal acceleration, and are temperature com-
pensated over the rarge of 0°C to 70°C. They are 
available for grid- poised, plate-pulsed, or CW 
operation. They may be code modulated by con-
ventional drive ci .cuits using tard tube or gaseous 
tube types. 

All S- Banc cavities are factory tuned to the de-
sired freouencies, vid can be varied by means 
of a simple special tool whi:h permits simul-

c7 and loc4ing adjustnent. 

FEATURES; 

Extremely small size, 1" x 3" 
• Ruggedized penc I triode 

• 300 V DC supply is required for grid 
.3ulsing 

• Temperature comae isated 
• Meets all MIL speci5cations 
• ,ixed low impedance autput coupling into 

50 OHM 13RC connector 

_ram_ 

CONSULT US ON YOUR APPLICATIONS 

FIELD MAINTENANCE SER1eICE THRCUGFIOUT THE COUNTRY 

SPECIFIC AT I ON S: 

Power 
MODEL Modulation Output PRF 

CGP-1 Grid Pulsed 2 watts peak 0-4,(1100 PPS 

CPP-1 Plee Pulsed 100 watts peak 0-1500 PPS 

CCW-1 CW 50 MW 

Tuning Range 2750 — 3060 mc 

Pulse  0.75 0.1 p.Sec. 

Rise Time    0.1 pSec, 

Frequer cy Stability 0.02 mc/ ° C. 

ELECTRONICS CORPORATION 
43-2CP 34th STREET • LONG ISLAND CIITY 1, N. Y 

• REPRESENTATIVES • Albuquerque • Atlanta • Baltimore •. Boston • Chicago « Cleveland • Fort Worth • Kansas City • Los Angeles • New York 

Philadelphia • Sal Francisco • Seattle • St. Paul • Syracuse • Washington, D. C. • Canada, Arnprior - Export: Roche International Corporation 
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Getting to the bottom of things 
Tradition of the true engineer and scientist ... no thought of personal 
glory . . . only satisfaction in the development of those things which 
contribute most to a better civilization ... tireless in his never-ending 
search for something finer .. . such is the heritage of the engineering 
profession ... to these we owe much. 
FAST engineers, true to their profession ... forward looking; search-

ing beyond the horizon and planning ahead; ever seeking those refine-
ments that make their product better to fit the needs of TOMORROW'S 
equipment . . . are eager to help you plan for the new day just ahead. 
How well they are prepared to cope with tomorrow's problem can 

he demonstrated by their use of X-Ray as an instrument in the develop-
ment of finer capacitors ... 193 5* found them applying this scientific 
device as part of research and manufacturing procedure . . . another 
proof of FAST years-ahead investigation ant/getting to the bottom of things. 

SPECIALISTS IN: Fixed Paper- Dielectric 
Capacitors, Oil or Wax Impregnated and 
Filled; Mylart or Polystyrene Film Units. In 
Cardboard, Ceramic, Phenolic Molded or 
Metallic, Rectangular or Tubular Containers. 
For use in Electrical, Electronic, Radio-TV or 
Scientific Equipment. Power- Factor Correc-
tion Capacitors, Heavy-Wire ( No. 10 to No. 
20) Choke Coils—Air or Iron Core—For RF 
or Radio Noise-Suppression. 

AVAILABLE LITERATURE: 
Tubular Capacitors in Cardboard Tubes 
Tubular Capacitors in Molded Phenolic Cases 
Tubular Capacitors in Ceramic Tubes 
Polystyrene Film Capacitors 
Mylart Film Capacitors 
Hermetically-Sealed Tubular Capacitors 
Subminiature Hermetically-Sealed Capacitors 
High-Reliability Hermetically-Sealed Capacitors 
MIL-C-25A Approved Capacitors: Refer to 
"MIL-C-25A Specifications" 

*See HERMAN E. SEE-
MANN, PHYSICIST. 
KODAK RESEARCH 
LABORATORIES. "Mis-
cellaneous Applications of 
RadiograPhy and Fluoros-
copy." Symposium on Ra-
diography and X-Ray Dif-
fraction Methods, Ameri-
can Society for Testing 
Materials, Philadelphia, 
Pa. ( 1937). 

i•DuPont Trade- lark 
for Polyester Film 

OHR Lan e3. 
Capacitor Specialists for Over A Third of A Century 

3177 North Pulaski Road, Chicago 41, III. 

"WHEN YOU THINK OF CAPACITORS . . . THINK FAST" 

Use "KLIPTITE" 
TERMINAL BLOCKS 
(Molded, Barrier-type) 

with ANGLED TABS Made 
for AMP, Self-locking Wire 
Terminals. 

fee 
SINGLE & DOUBLE POLE 
ELECTRONIC SWITCHES 

Tabs are plated brass 
and come eyeletted to 
block, or separately. Tab 
combinations in various 
angles, or flat, for single 
or multiple connections. 
Several sizes and number 
terminals. 

Other terminal blocks 
available in approved 
materials ronge from 
subminiature ( shown) to 
jumbo ( 90 amps). 

Toggle handle, aircraft 
type. Bokelite housing. 
With screw terminals, or 
solder lugs. DC, or AC 
up to 1600 cycles. One-
hole mounting. 

LKA ELECTRIC MFG. CO., 
Manufacturers of Electrical Wiring Devices 
..;% MOUNT VERNON, N. Y. 

For Over 

a Quarter 

Century 

Specialists 

in the 

Manufacture 

of 

Electrical 

Wiring 

Devices 

• 

SEE OUR 

EXHIBIT 

IRE SHOW 

425 
ELECTRONIC 

AVE. 

MODEL 770 

eioiwtiseee 
FREQUENCY RANGE: 

a. Vertical Amplifier: 

1. DC to 2.5 MC, 3db Down, with Bond 
Width Switch in Narrow position. 

2. DC to 5 MC, 3 db Down, with Band Width 
Switch in Wide position. 

b. Horizontal Amplifier: DC to 500 KC, 3 db 
down. 

c. Sweep Circuit Oscillator: 2 cycles to 30 KC. 

d. Fixed Sweep Frequencies: 30 cycles and 

7875 cycles. 

INPUT IMPEDANCE: 

a. Vertical Amplifier: 2.2. Megohms-50 MMF. 

b. Horizontal Amplifier: 2.2 Megohms-50 

MMF. 

DEFLECTION SENSITIVITY: 
a. Vertical Amplifier: 

1..010 RMS Volts Inch with Band Width 
Switch in Narrow position. 

2..035 RMS Volts/Inch with Band Width 
Switch in Wide position. 

b. Horizontal Amplifier.. 075 RMS Volts Inch. 

SPECIAL FEATURES: 
a. Illuminated, Calibrated Screen backed with 
a green filter for reducing incidental illumi-

nation in the room— for accurate measure-

ments and comparisons. 

b. Built- In Calibrated Voltages: Peak-To-

Peak- 100, 10, 1, 1 Volts. Ideal for Obser-
vation of Color Burst at 3.58 MC. 

THE HICKOK ELECTRICAL INSTRUMENT CO. 
10551 Dupont Avenue • Cleveland 8, Ohio 
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What to See at the 

Radio Engineering Show 

(Continued from page 246A) 

LaPointe Electronics, Inc., Circuitron 
Division, 285 Instruments Ave. 

Printed Circuits & Applications of Printed 
Circuitry. 

Langevin Manufacturing Corp., 620, 622, 
624 Circuits Ave. 

See W. L. Maxson Corp. 

= 

E▪ Lavoie Laboratories, Inc. : 
g= g 
.1' 400, 401, 500 Production E 
Ef_ Rd. g 

-11.---
E-.. 

..- •Automatic synthesizer for communications -"'E-- 
--.E 
5., equipment; radar systems, airborne and ma- E 
---_-; rise; *miniature crystal oven; packaging tech- E 
..1- nique; spectrum analyzer demonstrating pre. E 
E cision UHF mealurements. E: 
E L. 

Lee Laboratories, Inc. 

815 Audio Ave. 

Glas-Guide microwave components; 

duplexers, mixers, and antennas. Lee-

Pac transistorized plug-in circuits; 

amplifiers and computer circuits. 

Leland, Inc., G. H., 118 Television Ave. 
Ledex rotary solenoids, Ledex circuit selectors 
and stepping relays, *#4 circuit selector fea-
turing positive indexing escapement. "#5 sol-
enoid with adjustable return spring. 

P. M. Lennard Co., Inc. 

21 Palace 

Controlled atmosphere enclosures: low cost, 
completely transparent, individual units. 
Available continuous engineered systems per-
mit dust- free assembly of instruments and 
tubes under low humidity or inert gas; in-
creased quality control and greater produc-
tion economy. 

Lepel High Frequency Labs., Inc., 832 
Audio Ave. 

Induction heating units for bombarding cath-
odes and anodes and flashing getters. Induction 
heating units for brazing, soldering and general 
heat treating. Units for heating pretinned 
wires prior to cutting and stripping saving 
dipping and twisting operations. 

LEWYT 
MANUFACTURINGCORP. 

116 TELEVISION AVE. . 
Electronic, electro-mechanical and 

mechanical products for Government and 

Industry. 

•Indicates new product 

(Continued on page 250A) 
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OVER 10,000 HOURS 
OF CONTINUOUS TROUBLE-FREE OPERATION . . . 

CURRENT OR VOLTAGE STABILIZED 

MODEL 323M 

200-325 VDC. 

0-300 MA. 

6.3 VAC. 6A 

with Weston 3V1 .. 
Meters 

$19950 
available less meters 

$16950 

OWER SUPPLIES 
An installation of ten standard 

models in a data processing system at a 
large Municipal airport has been in 
continuous operation for a full year 
without breakdown or tube replace-
ment. Yet this high order of per-
formance has been achieved without 
affecting the moderate cost of these 
equipments. 

Typical of the instruments in this line is 
the Model 323M as shown. Occupying only 
83/4" of rack space, and 9" deep, it provides 
a regulation of 0.1%, a maximum ripple of 
I millivolt and a response time of 150 
microseconds. 

WRITE FOR COMPLETE CATALOG 

hoer Bee' ns 
119_22 ATLANTIC AVENUE 

RICHMOND HILL 19, NEWYORK 

Intricate parts and precision components 

can be LECTROFORIVIED! 
If the radio frequency component you need cannot be made 

by conventional methods or is difficult and costly to manufacture, 
the possibilities are it can be LECTROFORMED. 

LECTROFORMING can produce 
parts of intricate design, accurate in-

Write Dept. IRE-3 tenor dimensions and with high interior 
for "Lectroforming surface finish up to 5 micro-inch. 

Applications Various metals may be used (such as 
and silver, gold, copper, nickel and/or iron) 

Procedure" to meet specific requirements for con-
ductivity, strength and corrosion re-
sistance. 

LECTROFORMING achieves di-
mensional stability impossible by any 
other method. 

LECTROFORM1NG is the manu-
facturing of an article by the electrode-
position of metal on a form of prede-
termined size, shape and finish. We 
welcome the opportunity to discuss 
your problem, no matter how difficult 
it may seem. 

March, 195.:, 

• Trademark 

• AR1.  BART LABORATORIES CO., INC. 
227 Main Street, Belleville 9, New Jersey 
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POLYSTYRENE CAPACITORS 

with Accuracy 

in the order 

of 0.1(7, or better 

and Long Time 

Stability in 

the order 

of 0.0d (7c, 

Check these 

outstanding features: 

• L R.-@ 25° C-10 12 OHMS 

• Dielectric Absorption -.015% 

• Dissipation Factor-.0002 

• Temp. Coeff.(-20° to 140° F.) 

100 P.P.M. per ° C 

Excellent for 

Computer Integration, 

Test Equipment 

or Secondary Standards. 

Join these other leading firms in 

specifying Southern Electronics' 

precision polystyrene capacitors 

for your most exacting require-

ments: Reeves Instrument Corp., 

Electronic Associates, Inc., Convair, 

Berkeley Scientific, M.I.T., Calif. 

O Inst. of Tech., and many others. 

lilrite for complete catalog - 

Available 

from 0.1 M.F.D. 

to 8 lif.F.D. 

SOUTHERN ELECTRONICS 

POLYCON 

NYC ON 
"MI NW 

aitim 

239 West Orange Grove Ave., Burbank, Calif. 

What to See at the 

Radio Engineering Show 

(Continued from page 249A) 

Librascope, Inc. 

154, 156 Television Ave. 

X-Y plotter and recorder operating 
from punch tape, keyboard and ana-
log inputs. Analog digital converters. 
Magnetic Decision elements. Com-
puter components. 

LIECO INC. 
380 MICROWAVE AVE. 

MILLIMETER WAVEGUIDE 

COMPONENTS & 

TEST EQUIPMENT 

Linde Air Products Co., 527 Components 
Ave. 

Xenon, Krypton, Argon, Helium, Neon, and 
Rare Gas Mixtures. Synthetic Sapphire Disks 
for Optical Transmission. Molecular Sieves for 
Selective Adsorption. L-45 Silicone Oil, Dielec-
tric Fluid. 
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Linear Equipment 
Laboratories, Inc. 

786 Airborne Ave. 

Oscillonrobes, Square Wave Generators, Noise 
Figure Test Sets, Broad Band I. F. Amplifiers, 
Video Line Amplifiers, UHF and VHF 
Baluns, Wavemeters, Grid D5p Oscillators, 
Reflection Boxes. Unusual requirements so. 
licited. 

Link Aviation, 152-156 Television Ave. 
Gear Boxes—for use in servo mechanisms and 
instruments with adapters for various servo 
motors. Resomax Potentiomers—.02% linearity, 
infinite resolution. l'hase Comparator—meas. 
ures phase angle to 0.1 miileradian. Cable 
Checker—for high-speed continuity testing. 

Littelfuse, Inc., 525 Components Ave. 
Exhibiting all types of circuit protection equip-
ment including small glass enclosed cartridge 
fuses, low voltage circuit breakers, also stand-
ard and custom manufactured fuse holders. 

Little Falls Alloys, Inc. 

682 Circuits Ave. 

Non-ferrous Speciality Wires (not insulated) 

of °Titanium, Beryllium copper, Bronzes, 

Silver Plated Wires and Aluminum, used for 

Springs, Transistors, Grid Construction and 

other Electronic uses. Shaped wires: square, 

round, half- round, and flat. 

•Indicates new product 
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RADIO TELEVISION MILITARY SPECIAL APPLICATIONS 

PLATE TRANSFORMERS 

MODULATION TRANSFORMERS 

REACTORS 

FILAMENT TRANSFORMERS 

UNITIZED RECTIFIERS 

PULSE TRANSFORMERS 

CHARGING REACTORS 

OIL, ASKAREL 
DRY TYPE, (CLASS A, B & H) 

PER { MIL-T-27 } 
RETMA SPEC. 

HIPERCORE CORES 

for smaller, lighter, low loss transform-

ers. Write for Bulletin SR 205 listing 

standard cores, weights, dimensions, 

performance and prices. 

Moloney quality, backed by 58 
years of transformer experi-
ence, is designed and built into 
each unit. 

This engineering background 
and experience enables 
Moloney to produce transform-
ers that offer the maximum in 

reliability, endurance and effi-
ciency at a minimum of size 
and weight. 

Write for Specialty Transform-
er Bulletin ST 3505. 

E•5•L 

MILITARY 

SALES OFFICES IN ALL FRIC PAL CITIES • FACTORIES: ST. LOUIS, MO., TORONTO, ONT., CANADA 
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7edet'e 72eee 
WITH 

YOU'LL SEE MANY NEW 

LAVOIE DEVELOPMENTS AT 

BOOTHS 400, 401, 500 

PRODUCTION ROAD, I. R. E. SHOW, Mar. 21-24 

... Like the LA17 

Spectrum Analyzer 
A bench and field instrument in which impres-

sive reductions in size, weight and power have 

been made. The entire instrument is contained 

in two sliding drawers, mounted in a case that 

is but 25" high, 19" wide and 18" deep NO 

CHANGING OF TUNING HEADS OR DRAWERS IS 

REQUIRED, SINCE ALL RF HEADS ARE CONTAINED 

IN A SINGLE DRAWER. Frequencies are read in 

ONE direct- reading illuminated dial, with an 

accuracy of ± 1%. 

Like the 

NEW CRYSTAL OVEN embodying advanced technical improve-

ments with notable economies of size and weight. And the 

NEW MOISTURE PROOF CONTAINER providing pressur-

ized protection for delicate electronic instruments, as well as a 

NEW AUTOMATIC SYNTHESIZED TUNER 

THE BAT New lightweight, low-priced MARINE RADAR 

and a complete showing of time-tested Lavoie engineered 

ELECTRONIC INSTRUMENTS 

.Za/voie Zaioraterie4,9n"c. 
MORGANVILLE, NEW JERSEY 

What to See at the 

Radio Engineering Show 
(Commued from page 250A) 

Litton Industries 

708 Airborne Ave. 

Design and manufacture of precision com-

ponents and integrated systems. Magnetrons, 

precision potentiometers, film residors, delay 

lines, rotary joints, ferrite load isolators, die 

tal computers, instrumentation, guidance and 

control, radar. 

LORAL ELECTRONICS CORP. 
794 E. 140th STREET • N. Y. 54, N. Y. 
BOOTH 821- Audio Ave. 

DEVELOPMENT, DESIGN AND PRODUCTION 
OF ELECTRONIC AND ELECTRO-MECHANICAL 

EQUIPMENT AND COMPONENTS 

Lord Manufacturing Company, 504 Com-
ponents Ave. 

Bonded-rubber mountings for vibration and 
shock control, temproof (metal) mountings, 
idler wheels, flexible couplings, shipping con-
tainer mountings, bonded-rubber mechanical 
parts. 

5 

"Heard Everywhere" 

LO WELL 
Man u f acturing, Company 

858 Audio Ave. 

"Ear Level" sound speaker baffles, grilles, 
protective enclosures and intercom equip. 
ment  

New LOWELL CONSOLES 

 leis, for schools, airports, broadcast 
studios 

MB Manufacturing Co., Inc., 120, 122 
Television Ave. 

•Dual Model S6 Exciters designed for struc-
tural testing. •T57 Electronic Amplifier, •Probe 
pickup, vibration meters. Standard products for 
vibration control, measurement, and reproduc-
t ion. 

'',11111:!...1111111S11111111111111111111111111111111111111111IIIIIIIIIIIII1111111111111,1111111111111111111111111111111111M 

3Iaeldett Laboratories, Inc. 

567, 569 Components Ave. 

New Coaxial Terminal Triodes ,or 5kw to 

50kw equipments—New Light Weight Coaxial 

Triodes with aluminum radiators—Complete 

coaxial heavy duty triode line, 2kw to 150kw, 

I., broadcast and industrial equipment. 

.,- ISISIIIIIIIIIIIII11111111111111111111111I111111111111111111111111111C1111111;1111111111111111111111111111111111111111-1 

Maclen Corporation, 859, 861 Audio Ave. 
Regulated low voltage rectifier power supplies; 
servo components and aircraft instruments. 

MacLeod & Hanopol, Inc., 287 Instru-
ments Ave. 

Will show vacuum tube testing equipment, 
low capacitance and high resistance measur-
ing sets, data on ADRAD analog to digital 
conversion. 

*Indicates new product 

(Continued on page 25-1/1) 
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NQw • LAMBDA MODEL 71 

PORTABLE 

OWER SUPPLY 

A VERSATILE, HEAVY-DUTY 
PORTABLE WITH BROAD FIELD 
AND LABORATORY APPLICATIONS 
Cannot be damaged by external overloads! No down 
time! Circuit breakers provide complete protection! 

WIDE RANGE!. 0-500 VDC 0-200 A 

LIGHT! Weighs only 49 lbs. 

COMPACT! 13" high, 81/4" wiele, 141/2  deep 

A de luxe unit that combines every good engineering 

feature with maximum compactness and portability. 

F.Q.B. Factory, Corona, N. . 

SPECIAL FEATURES 

Overload Circuit Breakers. 

AC and DC Circuit Protection 

No "Down Time" due to 

External Overloads 

O Stable 5651 Reference Tube 

tt Vernier High Voltage Control 

Hermetically-Sealed, 

Oil Filled Condensers 

C Time Delay Tube Protection 

✓ All-Aluminum Construction 

C. Made by America's Leading 

Power Supply Specialists 

SPECIFICATIONS FOR LAMBDA MODEL 71 PORTABLE 

INPUT 105-125 VAC, 50-60 CPS, 475 W (max) 

DC OUTPUT NO. 1 ( regulated for line and load) 
Voltage 0-500 VDC ( continuously variable) 
Current 0-200 MA ( over entire voltage range) 
Regulation ( line)....0.15% or 0.3 volt ( whichever is greater) 
Regulation ( load ) .. 0.15% or 0.3 volt ( whichever is greater) 
Internal Impedance Less than 4 ohms 
Ripple and Noise Less than 5 millivolts rms 
Polarity Either positive or negative may be grounded 

DC OUTPUT NO. 2 ( regulated for line only) 
Voitage ranges: Internal Impedances: 

(a) 0-50 VDC ( no load) 5,500 ohms 
( b) 0-200 VDC ( no load) 25,000 ohms 

Current range: 
Any value of external load impedance may be used includ-
ing continuous low impedance or short-circuit. Insignificant 
inter-action on Output No. 1 Short Circuit Current: 9 MA 
(Max.) 

Regulation ( line)  Better than 0.1% 
Ripple and Noise Less than 5 millivolts rms 
Polarity Positive terminal connected internally to 

negative terminal of DC Output No. I. 

AC OUTPUTS ( unregulated) 
Two outputs, isolated and ungrounded. Each is 6.5 VAC at 
5A ( at 115 VAC input). Allows for drop in connecting leads. 
May be connected in series for 12.6V (nominal) at 5A, or in 
parallel for 6.3V ( nominal) at ICA. 

AMBIENT TEMPERATURE AND DUTY CYCLE: 
ContinuoLs duty at full load up to 40°C ( 104°F) ambient. 

OVERLOAD PROTECTION: 
External overload protection AC and DC magnetic circuit 

breakers. Trip-Free. Instant 
manual reset. Front panel. 

Internal failure protection Fuses, access through rear of 
of cabinet. 

INPUT AND OUTPUT CONNECTIONS: 
Input 8 foot heavy duty rubber covered line cord 

with integral molded plug, rear of cabinet. 
Output Sturdy insulated "5-way" binding posts, 

front panel. 
METERS: 

Output voltage Multi-range 31/2 " rectangular 
voltmeter calibrated 0-50 VDC, 
0-200 VDC, 0-500 VDC. 

Output current 31/2 " rectangular milliameter 
calibrated 0-200 MA. 

VOLTAGE REFERENCE TUBE: 
A stable 5651 reference tube is used to obtain superior long-
time voltage stability. 

TIME-DELAY RELAY CIRCUIT: 
A 30 second time delay circuit is provided to allow tube 
heaters to come to proper operating temperature before high 
voltage can be applied. 

SIZE AND WEIGHT AND FINISH: 
Size 13" H x 83/4 " W x 14 1/2" D 
Weight 49 lbs. 
Finish Two-tone gray 

LA_MBEIA Electronics Corp. 
THE FIRST NAME IN POWER SUPPLIES 

103-02 NORTHERN BLVD. • CORONA 68, NEW YORK • TWINING 

PROCEEDINGS OF THE I.R.E. March, 1935 
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ARE YOU ASKED TO RECOMMEND 
HIGH FIDELITY LOUD-
SPEAKER SYSTEMS? 

Then you will be interested in the corner 
horn types developed and licensed by Paul 
W. Klipsch and the units manufactured by 
Klipsch and Associates. Their performance is 
the closest approach to fidelity now available 
and the horns are adaptable to new advances 
in the art, if and when they are achieved. 
Write for new literature on the Klipschorn 
and Shorthorn corner born loudspeaker 
›,ystem.. 

KLIPSCH & ASSOCIATES 
Hope, Arkansas 

Paul w. Klipsch, Owner-Manager; member 
Acoustical Soc jet of America, S.M., IRE. 

iiiiiiefee of UNION, NEW JERSEY 
Exten ds a Cordial Invitation to the In-
dustry to partake' of our hospitality. 

During the Week of the IRE show 
in New York City 

March 21 thru March 24 1955 
We will be at the BELMONT PLAZA Hotel 

Lexington Avenue, between 49-50 Streets 

(Opposite the Waldorf-Astoria( 

miceowne 
COMPONENTS 

DICO designs and manufactures custom and standard Co-axial 
Line and Waveguide components. These are produced under 
highest quality control standards, a typical example being ... 

Send for catalog 953 

What to See at the 

Radio Engineering Show 

(Continued from page 252A) 

Magnatran, Inc., 34 Palace 
Unitized Rectifiers up to 500 KW, 250 KV-DC 
askarel immersed, oil immersed and dry type. 
Plate transformers, Filament transformers, Re-
actors and Modulation transformers. 

Magnecord, Inc., 809 Audio Ave. 
Complete line of tape recording equipment and 
accessories for home and professional use. New 
M81 and M90 series, portable and console mod-
els and others for every requirement. 

Magnecraft Electric Co., 286 Instruments 
Ave. 

General Purpose AC & DC Relays, Instrument 
Relays, Sensitive Relays, Time Delay Relays, 
Telephone Type Relays, Hermetically Sealed 
Relays & Military Type Relays. 

Magnetic Amplifiers, Inc. 
Affil. of General Ceramics Corp. 

568 Components Ave. 

The company's new line of Miniaturized 
Magnetic and Transistor Magnetic Servo Am• 
plifiers for high performance tubeless servo 
systems will be exhibited in an operative 
servo mechanism. Voltage Regulators and 
Transistor Curve Tracers will also be ex-
hibited. 

BOOTH 89 
KINGSBRIDGE PALACE 

PRECISION REGULATED D.C. POWER SUPPLIES 
MAGNETIC AMPLIFIERS AD CONVERTERS 

MAGNETIC PULSE GENERATOR: AND COMPONENTS 

MAGNETIC ) RESEARCH 

MAGNETIC RESEARCH CORP. 

200 Center Street • El Segundo, California 

Magnetics, Inc. 

795 Airborne Ave. 

Tape wound cores of all high permeability 
magnetic materials, tape thichnece from 
.014 to .000125» including ultra-thin cores 
for computer and high frequency applica-
tions; Magnetic Shields; Reactors and spe-
cialized magnetic amplifier components and 

Magnetics Research Co., 312 Computer 
Ave. 

'Subminiature Magnetic Shift Registers, Mag-
netic Selection Switches, Subminiature Mag-
netic Amplifiers; Also Logical Building Blocks. 
Pulse Transformers, Magnetic Amplifier Power 
Supplies. 

e 

O. J. Maigne Co. 

59 Palace 

Teflon tape and stock produc-

tion samples of molded, ma-

chined, and preformed parts. 

"Indicates new product 

485-487 ELECTRONIC AVENUE • IRE SHOW (Continued on page 257A) 
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DESIGN AND DEVELOPMENT ENGINEERS ! 

HERE'S A SURE CURE FOR YOUR 

Deep Drawn 
Instrument Case 

Problems! 

- 74€61eatet 

SPINNING. STAMPING, PUN MING, DEEP 

DRAWING, HYDROFORMING, ANNEALING, 

SPOT WELDING, ASSEMBLING, TOOL MAKING 

Kaupp can supply ycur instrument cases to exact 
specification c;uickly and economically. Special 
shapes and odd sizes are a special-.y at Kaupp and, 
in most cases can be turned out on reasonably short 
notice. Kaupp has he experience and the metal 
working facilitias for precision forming of intricate 
shapes to close tolerances. Gauges .002 to WEI stock 
in stainless steel, Inconel, aluminum, cold rolled 
steel, brass and other alloys. Check with Kaupp on 
your metal parts needs, now! 

C. B. KAUPP 84 SONS 
NEWARK WA" • MAPLEWOOD NEW JERSEY 

The new 16 

facil;ties. Page Koupp Bro-chure with complete information on 
metal forming and sub-assembly 

copy, today! Call or write for your 

PRODUCTION AND DEVELOPMENT METAL FORMING FOR ELECTRONICS, 

NUCLEONICS, AVIATION, MARINE AND GENERAL iNDUSTRY 

• 

See us at the 
I.R.E. Show 

BOOTH # 720 
AIRBORNE 
AVENUE 

Kingsbridge Armory 
New York City 

March 21-24, 1955 

PROCEEDINGS OF THE I.R.E. March, 1955 
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News in Analog Computing 

Shielded cords are used with this metal pre-patch panel 
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Only Electronic Associates' Aralog Computing Equipment includes an 
all metal pre-patch panel with coaxial shielded patch cords. This 
unique shielding avoids errors caused by inter-terminal leakage. This 
is just one of the reasons why EAI sets the pace for accuracy and 
reliability in analog computing equipment. Electronic Associates' 
PACE Equipment (Precision Analog Computing Equipment) can be 
purchased at a reasonable price for single purpose use, such as the 
control of a process—or as a basic general pu-pose simulator which 
may be expanded into a large, versatile system—or computing time 
may be rented at our Princeton Computation Center, completely 
staffed and equipped to provide fast answers. May we forward you 
complete details. 

WRITE DEPT. IR-5 AND/OR VISIT BOOTH 331 AT IRE SHOW. 

ELECTRONIC 

ASSOCIATES 

e•Teeà'' 

EPSUSTW:11, it t: 

PREC'SiON ANALOG COMPUTING EQUIPMENT 

LONG BRANCH, NEW JERSEY 

ENGINEERS 
Save your firm thousands of dol-
lars in searching for data on 
ELECTRONIC TEST EQUIPMENT 
of interest to USAF. 

By special permis-
sion data sheets on 
Research supported 
and monitored under 
our WADC, ARDC 
contract now avail-
able to manufactur-
ers at low cost. 

• Order your copy of a three volume 
set containing illustrated descrip-
tive data sheets on 870 items 
procured for use by the U. S. Air 
Force. 

• Contains 2400 (8,A x 11") 
pages, recently brought up-to-date, 
mounted in 3 post expandable hard 

back binders. 

• Price $ 100 per set plus postage 
while supply lasts. Orders accom-
panied by check filled as received 
with postage paid. 

CARL L. FREDERICK 
AND ASSOCIATES 
Bethesda 14, Maryland 

NOW! 

over 15 million 
Microdot® coax 
combinations 

Microdot cuts design time by multiplying 
possibilities ... witn the Korld's smallest, 
lightest microminiature coin connectors and 
cables. See the unique Microdot line at the IRE 
Show, Booth 679, Kingsbridge Armory, N. Y., 
March 21-24, or wri'e today for applications data. 

1/3 BNC diameter 
1/ 10 BNC weight! 

MICRODOT 
1126 FREMONT AVENUE 

50. PASADENA • CALIF. 
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What to See at the 

Radio Engineering Show 
(Continued from page 254,1) 

D. E. Makepeace Co., Div. of 
Union Plate & Wire Co. 

403, 405 Electronic Ave. 

*Miniature and Multi- Circuit slip ring and 

brush assemblies. Precision wave guide and 

wave guide assemblies. Laminated precious 

metals. " Off the shelf" slip ring and brush 

assemblies. 

P. R. Mallory & Co., Inc. 

348 Microwave Ave. 

• Mercury battery 
• "Vibrapack" 
• Capacitors 
• Switch pulse resistor tuners and 

rectifiers 

MARCONI INSTRUMENTS 

BOOTHS 260-262 

INSTRUMENTS AVENUE 

*Signal Generator 10-500 Mc/s. `Signal 
Generator,"Spectrum Analyser 35 kMc/s. 
•Dual Frequency Universal Bridge. 
*Vibrating Reed Electrometer. 'Wide 
Range FM Generator. World's finest 
MF Generator. 

Marion Electrical Inst. Co. 

556 Components Ave. 

Marion new glass•to-metal, hermetically sealed 

aircraft navigational instruments; sensitive re. 

lays; ruggedixed, hermetically sealed, panel 

meters. and commercial type panel meters. 

Adaptations of new coaxial meter movements. 

Markem Machine Co., 306 Computer 
Ave. 

*Model 69A color bander for condensers, capaci-
tors, diodes, also will show continuous films on 
standard and special marking machines for 
electrical industry. 

Maryland Acrylic Etching Co., 774 Air-
borne Ave. 

"Catsight" edge lighted panels and dials made 
to MIL- P-7788. Metal name plates. Dials and 
panels etched or alumilated. Custom made to 
your specifications or to meet any government 
specifications. 

The W. L. Maxson Corp. 

620, 622, 624 Circuits Ave. 

Featuring Electronic Systems, Airborne Ar. 
memento, Ordnance Equipment, and Indus-
trial Instruments. Also products of—Unimax 
Division ( Switches, counters and accelero. 
meters) ; United Manufacturing Co. ( Aircraft 
electrical test equipment); Langevin Manu-
facturing Corp. (Transformers, amplifiers, and 
power supplies). 

•indicates new product 

(Continued on Page 258A) 

At the I.R.E. Show 

BOOTH # 647 

CIRCUITS AVE. 

Kingsbridge Armory, 
N.Y.C. 

March 21-24, 1955 

NEW! 16 pages of 

specifications and 

data covering the 

complete Tensiatite 

line; a note on 

your letterhead 

will bring your copy 

promptly. 

e Du Pont 

NEW TENSOLON with extruded 
Teflon insulation for extra rugged 
high temperature applications is 
now available. The extruded Teflon 
insulation provides superior service 
performance wherever abrasion or 
a wide range of temperatures are 
encountered. Recommended for 
critical electronic and electrical re-
quirements, the wires function at 
continuous temperatures of — 90° C 
to + 250° C. Both solid and stranded 
conductors are available in sizes 
ranging from # 10 AWG to # 30 
AWG. All standard colors are sup-
plied in types E and EE to MIL-W-
16878-A specifications. Insist on ex-
truded Tensolon when specifications 
call for... 

the x,.„p g,e„,,,se/ 
TENSOLO 

TEFLON 8 INSULATED 

WIRE & CAR 

ensolite has complete fabricating 
facilities for solving your high tem-
perature wire problems — 

• PARALLEL WRAPPED TEFLON 
• SPIRAL WRAPPED TEFLON 

• EXTRUDED TEFLON 

• SPIRAL STRIPING WITH 
TEFLON INKS 

Watch Tensolite for progress in elec-
tronic wiring—inquiries are invited. 

INSULATED WIRE CO • INC 
TARRYTOWN, NEW YORK — TArrytown 4-2300 

Tensolite products include: TENSOLON — Teflon Hook-up Wire to MIL-W-
16878A and Miniature Teflon Jacketed Cables; TENSOLEX—Vinyl Insulated Wires 
to JAN-C-76, MIL-W-76A, MIL-W- 16878A; TENSOLITE — Super- flexible Con-
structions including Phonograph Pick-up Cables and Hearing Aid Cordage. 
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WIND AT 
6500 RPM 

MORE OUTPUT... 

LOWER COSTS ... 

EASIEST TO OPERATE 

MODEL 212-AM 

SCREW FEED BOBBIN- RESISTOR WINDER 

• (;500 RPM top winding speed. 

• NEW instant fingertip re-settable wire guide. 

• Winds random wound, space wound, repeater and relay coils 
solenoids, resistors, distributed constant delay lines, etc. 

• Maximum traverse for any single winding --- 6". 
.Specify Model 212-AML for 12"). 

• Maximum OD of coil wound-4". 

• Maximum distance between winding centers--9". 
15" for Model 212-AML). 

• Winding range from 22 to 1520 turns 
per inch. 

• Infinitely adjustable winding width 
from AJ" to 6': ( 12" for Model 212-AML1. 

• Wire guide carriage for single winding. 
Easily modified for multiple winding. 

• I ugh-speed gears are oil bath lubricated. 

• New magnetic self-adjusting reversing mechanism. 

• Instant re-setting automatic counter. 

• Exclusive economy positive stopping magnetic brake. 

•• 

MODEL 319-AM 

ADJUSTABLE LENGTH BOBBIN WINDER 

• 7000 RPM top winding speed. 

• Winds random wound bobbins, solenoids, 
resistors and repeater coils from ! 8' to 
2 I .," wide and up to 5'," OD. 

• Infinitely adjustable winding width 
from Xi" to 2',". 

• Instant re-setting automatic counter. 

l• Exclusive economy positive stopping 
magnetic brake. 

NEW GEO. STEVENS CATALOG 

—describes machines that wind practically every kind of coil 
for production line or laboratory. Write for your copy today. 

REPRESENTATIVES 

FRANK B. TATRO.6022 N. Rogers Ave., Chicago 30, III. 
INSULATION & WIRES, Inc. 

2040 E. Washington Blvd.. Los Angeles 21, Calif. 
I 1077 Howard St., San Francisco, Calif. 
R. A. STAFF & CO., 1213 W. 3rd St., Cleveland 13, Ohio 

RICHARD H. WHITEHEAD, 150 Church St., Guilford, 
Connecticut 

r HARRISON BLIND, 1508 Winton Ave., Indianapolis, bd. 

ALLIED INTERNATIONAL, INC., 230 Park Avenue, 
New York 17, N.Y. 

SAMUEL JEFFRIES, 105 Forrest Ave.. Narberth, Penna. 

MANUFACTURING COMPANY: INC. 
Pulaski Road at Peterson, Chicago 30, Illinois 
THE MOST COMPLETE LINE OF 
COIL WINDING EQUIPMENT MADE 

What to See at the 

Radio Engineering Show 

(Continued from page 257.4) 

McColpin-Christie Corp., 859 Audio Ave. 
STAVOLT Power rectifiers for closely regu-
lated DC voltage. STAVOLT automatic battery 
chargers for Ni-Cad and lead acid types. 

McCoy Electronics Co. 

764 Airborne Ave. 

Quartz crystals and miniature "McMite" 

crystals that are rugged, precise and de' 

pendable. Crystal ovens for both military and 

commercial use, *miniature "Mini Dual" 

variable capacitors and crystal filters. 

MeGraw-llill Publishing Co. 

126 Television AVe. 

ELECTRONICS, the magazine of design, pro-

duction and use of the electronic indindr). 

NUCLEONICS, the authoritative journal of 

the nuclear energy industry. 

McMillan Industrial Corp., 387 Micro-
wave Ave. 

Radomes ( Reinforced Plastic, Class & Ceram-
ics); Microwave Windows, Lenses 8; Reflec• 
tors; Loaded Solid & Foam Dielectrics; Micro. 
wave Absorbers ( Plastic Foam, Hairtlex, Thin 
Flexible Materials); Pre-fahricated Free Space 
Rooms. 

Staite4z4 

o 
MEASUREMENTS CORPORATION 

749 Airborne Ave. 
Boonton, New Jersey 

MEPCO 
439-441 ELECTRONICS AVE. 

• DEPOSITED CARBON RESISTORS 
• PRECISION WIRE WOUND RESISTORS 
• RESISTOR SWITCH ASSEMBLIES 
• EXTERNAL METER MULTIPLIERS 
• PRECISION POWER RESISTORS 
• CUSTOM FINE WIPE WINDINGS 

MEPCO, INC. Morristown, New Jersey 

°Indicates new product 

(Continued on page 260A) 

FIRST AID ROOM 
A nurse is in charge at all times. First aid 

Room is the sixth room tc right of Lobby 

directly off registration area in Kingsbridge 

Armory. 
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MICAMOLD 

eete 

MICAMOLD STEACAPS 

Steatite encased tubular paper capacitors. The con-
struction of these capacitors makes them capable al 

withstanding the most severe tests and operating 
condirons. Steacaps are conservatively rated for con-
tinuous operation at temperatures from —40° to 
+85 ° C. For further information write for Bulletin Ill. 

MICAMOLD MICAPS 

Encapsulated mica capacitors . . . hermetically sealed 
by a dip coating method . . . with radial leads. This 
terminal arrangement results in o shorter RF cument 

path, and in many cases greater convenience in 
assembly. They are smaller than comparable melded 
types . .. useful in miniature equipment. For further 
information write for Bulletin 110 

MODERN IDEAS Micamold is 31 years young 

... but our thinking keeps in step with the t'mes. 

Aggressive engineering and managemert per-

sonnel are added to our staff at regular inter-

vals. This policy of seeking-out new ideas gives 

our customers the benefi• of alert, modern 

thinking tempered by experience ... enables 

Micamold *o maintain its position as a pioneer 
in the industry. 

•••._ 

MOVES FORWARD 
i ...AGAIN 

31 years ago when electronics was a new industry called 
"radio," Micamold designed the first molded mica ca-

pacitor. From those small beginnings the company's line 

grew quickly with variety . . . including paper, electrolytic 

and oil capacitors . . . keeping pace with the tremendous 

growth of electronics... and developing many other 

significant "firsts" over the years. Now Micamold moves 

forward again with ... 

MODERN PRODUCTS Micamold products are used in tanks and 

refrigera,ors... planes and hearing aids... radar and your TV 

set ... from high altitudes in the arctic to the steamy tropics. They 

range from subminiature capacitors to RF filters, pulse networks 

and delay lines for military and commercial applications. 

NEW MODERN PLANT Built in Tazewell, Vo., in addition to ex-

panded manufacturing facilities in Brooklyn, N. Y. At both locations 

modern production machinery is combined with fully- equipped labs, 
complete test equipment and competent research personnel. 

Visit our Booth 466 Electronics Ave., at the IRE Show 

MICAMOLD RADIO CORPORATION 
1087 Flushing Avenue, Brooklyn 37, N. V. 

MANUFACTURERS OF ALL TYPES OF PAPER, ELECTROLYTIC AND MICA CAPACITORS, RF INTERFERENCE FILTERS, PULSE NETWORKS AND DELAY LINES 

I Ri)( / I A' 
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BE with 

° ORNI-5 

WIRES and CABLES 
MICROPHONE CABLES --- sememem 'nee* 

Designed for low capacitance, high insulation resistance, low at-
tenuation— in plastic or rubber insulation to stand severe service 

T-V LEAD-IN CABLES ........   

Furnished only only in pure virgin polyethylene to insure best elec-

trical properties and long life under severe operating conditions 

- _   

Mode hollow, of pure virgin polyethylene, for maximum efficiency 

in receiving Ultra High Frequency signals 

_ 
INTERCOMMUNICATION  — ____ 

CABLES 
These quality cables are made in various constructions, utilizing 

plastic insulation for both conductors and jacket 

SHIELDED   er .cismit5W4MMIMOMIK wasiammetax  
INTERCOMMUNICATION 

When installation conditions dictate, shielded cables are recom-
mended. Made with internal or external shield- 2 and 3 conductors 

"MADE BY ENGINEERS FOR ENGINEERS" 

CORNISH WIRE COMPANY, INC. 
50 Church Street New York 7, N. Y. 

VSWR and RF POWER 
MEASURING EQUIPMENT 

MM 570 SERIES MM 700 SERIES 

models are available as components for incorporating 
directly into transmitters or as complete independent test equipments for meas-
uring RF power and VSWR from 500 KCS. to over 4,000 MCS., and power 
levels from 10 milliwatts to 120 kilowatts. These instruments are being used 
as test and monitoring equipment by Government Agencies, transmitter manu-
facturers, FM & TV Stations, Laboratories, Mobile Communication Agencies, 
etc. 

Write for complete literature on: THE MICROMATCH • RF ABSORPTION TYPE 
WATTMETERS • DUMMY LOAD RESISTORS • STATION GUARDIAN FOR TRANS-

MITTER PROTECTION • DIRECTIONAL COUPLERS. 

See Us At 

BOOTH ± 685 

What to See at the 

Radio Enginee-ing Show 

(Continued from page 258A) 

Metal Textile Corp. 
Roselle, N.J. 

433 Electronic Avenue 

METEX RF SHIELDING 
PRODUCTS 

• See demonstration 
• Get new Design booklet 

Mica Fabricators Association, 324 Com-

puter Ave. 

All types of Fabricated, Natural Mica Parta 
including capacitor films, radio and TV tube 
spacer and bridges plus other parts for elec-
tronics and appliance industries. 

MICAMOLD RADIO CORP. 
BROOKLYN 37, N. Y. 

Paper . Electrolytic • Mica Capacitors 
R F Interference Filters 

Pulse Networks • Delay Lines 

BOOTH 466 ELECRONICS AVE. 

.1:111111111111111111111tI1111111111:11111.11111111111111111111111111111111111111S111111111111L 

Microdot Division— 
Felts Corporation 

679 Circuits Ave. 

Microminiature Coaxial Cables and Connec-
tors—Teflon Dielectric. Microminiature As-

semblies and Development. New Products: 
Solder Type Plugs. "Quick Connect" Series. 

Introductory Kit,—For 50, 70, or 93 ohm. 

Micro Switch Div., Minneapolis- Honey-
well Regulator Co., 356, 358 Micro-

wave Ave. 
°Illuminated push button snap-action switches 
for applications on computers and other elec-
tronic equipment. See the expanding line of 
subminiature selectors, toggles and memory 
switches in multi-circuit variations. 

Microtran Co., 634 Circuits Ave. 
Latest types, quality miniaturized transform-
ers; encapsulated, molded. sealed. Hundreds of 
types, sizes, ratings available as stock catalog 
items. For guided missiles, radio paging, mill-
tary, transistor, and airborne applications. 

Microwave Associates, Inc. 

392 Microwave Ave. 

Microwave components ranging from 
3 to 75 kilomegacycles including 
magnetrons, duplexer tubes, new 
*video diodes, and * wave-guide com-
ponents and test equipment. 

•Indicates new product 

(Continued on page 262A) 
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• PROCESS 
FOR 

PERMANENT MARKINGS 
ON 

• DIALS 
• PANELS 
•CHASSIS 
• SCHEMATICS 
• INSTRUCTION 
• PLATES 
• PRINTED CIRCUITS 

FLUORESCENT AND 
RADIUM APPLICATION - 

• 

• LOW COST •' 
• PERMANENT 
• CLOSE TOLERANCE 

COMPLETE ART DEPT. AND 
TYPE SETTING FACILMES • 

DESIGN ASSISTANCE 
METAL PREPARATION 
SPRAY FINISHING 

FULL COMPLIANCE 
TO GOVT. SPECS:' 

ASK FOR 
LITERATURE AND 
FREE SAMPLES •' 

PHOTO MEAL NORM 
471 W METE* AVE. -* 171S BARKULEY SE. I 

LUDLOW 5. 02 00 £X.99005 5 09 ' 9 

1 
1 

S. 0W 5 um. 31, N. AAN IA 3IUNICA, 

LARGEST VARIETY 
of 

SIZES ( and 

I TYPES 

ii& AugGe-

PLASTIC CABLE CLIPS 
and PERFORATED STRAPPING 

Hold open wiring, fragile con- parents, 
tubing, etc. with these safe, light weight 
supports. 

Free samples and complete information. 

WECKESSER CO. 
5269 N. Avondale Ave., Chicago 30, 

See out exhibit at Booth 33, 
IRE Show, New York, March 21-24 

with Magnetic Amplifier Control 

This latest advance in voltage 
stabilizer design by Raytheon 
gives you these outstanding ad-
vantages of Magnetic Amplifier 
Control: ( 1) lower harmonic con-
tent ( 2) better no load to full load 
regulation ( 3) less cubic space re-
quired and (4) ability to take 
heavy overload without damage. 
Write for complete information. 

NEW 
Model W-6710 
Voltage Stabilizer 

OPE 4 TYPE CONSTRUCTION 

FOR CHASSIS MOUNTING 

Insures constan: 6 volts output at 25 watts, stab-
ilized to ± Si% from an input of 95 to 130 volts. 
Designed for 6-volt incandescent reference lamps; 
for colormetric or spectrophotometric instru-
ments and for stabilized flament voltages to tubes 
used in electronic apparatus within its rating. 

NEW CATALOG 
Gives performance data for the 
complete line of Raytheon Volt-
age Stabilizers. Write for it. 

SPECIFICATIONS 

• Input: 115 volts, ± 10%, 58-62 cycles. 
single phase. 

• Output: 115 volts, 2000 va. 

• Output voltage stabilizations: 
Fixed load, + V2% for line change. 

± 1% for frequency 
change. 

No load to full load (85% P. F.), 1% 
maximum. 

• Temperature rise of components; 
50°C maximt.m. 

• Harmonics (at 60 cycles input); less 
than 5% total. 

• Efficiency at full load ( 100% power fac-
tor); 90% minimum. 

• Mounting: Bench, floor, wall or relay 
rack. 

exedience eie0449eliC4 

RAYTHEON 
MANUFACTURING COMPANY 

EQUIPMENT SALES DIVISION 

Dept. 6120P WA_THAM 54, MASS. 

PROCEED/N(7S OF THE I.R.E. trarels, 1955 



in PRECISION 

and DEPENDABILITY! 

109 AUDREY AVE, OYSTER BAY, NEW YORK 

MINIATURE 
OVERTONE 

QUARTZ CRYSTALS 
In Hermetically Sealed Metal Holder 

Freq. Range: 15 to 100 Mc. 

Operating Temp. Range: 

—55° to -I- 105 °C 

Same performance, same tolerances as larger 
units such as MIL CR-23, CR-32, etc. Has 11/2 " 
wire leads for mounting in selector switch or 
soldering to printed circuit terminal board. 

We're always ready to help on your miniatur-
ization or other design problems — at your 
plant or ours. Write or phone. 

QUARTZ C tYSTALS 
QC EVERY TYPE 

New Crystal Brochure 
on Request to Dept. P3 

• 

NOW IN-
PRODUCTION 

SEE US AT I.R.E. SHOW 

BOOTH 736 

KEYSTONE ELECTRONICS COMPANY 
114 Manhattan Street \, I Stamford, Connecticut 

Phone: STamford 4-9504 

What to See at the 

Radio Engineering Show 

(Continued from page 260A) 

Microwave Development 
Labs., Inc. 

377 Microwave Ave. 

Wave Guide Circuit Component, Hybrid 
Junctions, Balanced Mixers, Balanced Du-
plexes, Compensated Invar Reference Cava-
ties, Rotary Joints, Precision Cast Bends, 
Precision Directional Couplers, and Custom 
Wave Guide Assemblies, 

Midland Manufacturing Co., 
Inc. 

143 Television Ave. 

Quartz Crystal Oscillator 
Plates 

Midwestern Instruments, Room A, Reg-
istration Row 

*590 oscillograph, *581 oscillograph, *Bridge 
Balance Unit, as well as our other oscillo-
graphs, galvanometers, servo-valves, servo-
amplifier., etc. 

James Millen Mfg. Co., Inc. 

557 Components Ave. 

GridDip Meters; Radar, Radio & 
Electronic equipment and compo-
nents, Magnetic Metal Shields; 
*Delay lines, Delay line Kits; *Com-
plete line, subminiature parts; * 1" 
instrumentation oscilloscope. 

Miller Dial & Name Plate Co., 357 Mi-
crowave Ave. 

The revolutionary Miller Fake plus printed 
circuits, edge-lite panels, instrument panels, 
dials, scales, silk screening, etching, litho-
graphing, engraving, radions & fluorescent ap-
plications and general graphic arts. 

William Miller Instruments, Inc., 288 
Instruments Ave. 

Demonstration: 16 channel *Type CR-1A Cath-
ode Ray Recording Oscillograph; 27 channel 
*Type M Miniature Recording Oscillograph. 
Custom Instrumentation Systems, Galvanome-
ters, Tuning Forks, Accelerometers, Amplifiers, 
Power Supplies, and Transformers. 

Millivac Instrument Corp., 281, 283 In-
struments Ave. 

This year's exhibit mainly devoted to ampli-
fier noise problems. *Accurale signal-to•noise 
Ratio Voltmeter and \Talkers & Schaffer ultra-
sensitive oscilloscopes having less than one 
microvolt noise. 

Milwaukee Gas Specialty Co., 738 Air-
borne Ave. 

Hermetically Sealed Sensitive Relay. 

*Indicates new product 

Show Hours: Monday 10 AM-10 PM 

Tuesday 10 AM- 10 PM 

Wednesday 10 AM- 5 PM 

Thursday 10 AM-10 PM 

262A WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE I.R.E. March, 1955 



What to See at the 

Radio Engineering Show 

SEE SUBMINIATURE 
TOGGLE SWITCHES 

380 MICROWAVE AVE. 

MINIATURE SWITCH CORP. 
LYNBROOK, NEW YORK 

Minneapolis-Honeywell 
Regulator Co. 

keronautiral Division 
360, 362 llieromaNe te. 

Power Type Transistors, Thermistor Level 
Switch ilemonstrated. Transistorized Aircraft 
Fuel Gauge. Pressure Ration Indicating Sys-
tem for Jet Engines. Gyros for every applica-
tion. New Null Balance Indicators. Magnetic 
Servo Amplifie,. ecording Oscillographs. 
Six Divisions , ill display in a combined 
boot h. 

Minnesota Mining and Manufacturing 
Co., 124 Television Ave. 

See American Lava Corp. 

Model Engineering & Mfg. Inc., Booth 
444 Electronic Ave. 

See Tru-Olun Products Div. 

Model Rectifier Corp., 29 Palace 

Selenium and germanium rectifier power sup-
plies for testing and operation of DC apparatus 
allowing continuous variation of current and 
voltage. Transistor range power supplies. 

31olon Nlotors and Coil 
Company 

314 Computer .tve. 

Complete line of fractional horse-
power motors. Skeleton and clutch-
gear types. Custom-manufactured to 
specifications. 

laill111111111111,111111111111111111111111111111111111111111111111111111111111111111111 

MOLONEY ELECTRIC CO. 

ST. LOUIS, MISSOURI 

HIPERCORE CORES 

TRANSFORMERS 

680 CIRCUITS AVE. 

IRE, U. S. A. 

Moseley Co., F. L., 315 Computer Ave. 
Autograf X-V Recorder, Curve follower, input-
output table for computer use. digital to analog 
Converter. Servo Voltmeter giving analog and 
digita I output. 

Motson Co., J. Frank, 606 Circuits Ave. 
Printing on electronic and industrial parts; 
plastics, glass, metals, ceramics, dials, termi-
nal boards, chasses, panels, shields, schematics, 
etc.; direct printing of conductive and resistive 
materials in specialized applications. 

(Continued on page 2(n4A) 

Visit The I R E National Convertion and Radio Engineering Show, Booth 305, 420 Production Road 

NOW AVAILABLE 
With ADJUSTABLE CAM TRAVERSE 

MODEL W COIL WINDER 

* Bank winding now possible with a commercial machine. 

* Improved progressive universal winding achieved with compensating cam form. 

* Will also wind bobbins, single layer close and space windings, transformers, 

universal ( pi) and conventional progressive universal coils. 

* Set up for universcd windings greatly simplified. 

Send for complete technical literature. 

OYSTER BAY, NEW YORK — 0Yster Bay 6-1285 

LEADING companies specify THOR, because 
Thor is a specialist in custom-producing 

epoxide and steatite bobbins, pressed 
and machined steatite   

parts to commercial or 
jan-1.10 specificatione! 

You, too, should 225 Believille Avenue Bloomfleld. New Ja 

specify Thor. . . 
Visit Booth #334 Computer Ave., IRE Show, March 21-24, 1955 
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The Sign of precision engineered 

for greater DEPENDABILITY 

QUALITY 
CONSTRUCTION 

AUDIO - POWER 
PULSE 

TRANSFORMERS AND INDUCTORS 
High Temperature—Miniaturized 

Encapsulated Units. 

SEE US AT 

THE IRE SHOW 

Kingsbridge Palace 
Booth :„-_ 31 

INDUSTRIAL ez TRANSFORMER 
li:0« 

GOULDSBOROay/re/ta PENNSvLVANIA 

OTHER NON-FERROUS 

Send for de,..criptive roller. 

Pceroode  _ 
Consider WIRE and the importance of its 

function in your product. Whether a highly 

engineered application or a simpie stapling 
purpose, your choice of the proper alloy or 

composition, temper and type of wire could 
mean success or failure during crucial test. 

round • flat — square u half-round 

Precision gauges from Va to .002. 

SPRING WIRE — WIRE FOR INSTRUMENTS — 
ELECTRONICS. STRAND FOR WIRE ROPE AND 
BRAIDED APPLICATIONS — MANDREL WIRE 
— WIRE FOR FORMS — RIVETS — STAPLING 

LITTLE FALLS ALLOYS Inc. 
1 91 Caldwell Ave., Paterson 1, N. J. 

A >II IP IL II  11- IU ID IE 

ILII lEAIR1111- 1̀ 
MODEL ALT- 2 i1flE 111E1R 

A new linear staircase generator for quick and accurate 
differential gain checks of color or monochrome television 
systems or individual units. Supplies composite video 
signal with adjustable sync pulse, blanking level, and 
staircase amplitude. Number of steps variable from 3 to 
14. Step exponent adjustable from 1.0 to 2.75. Internal 
r-f generator modulates steps at frequencies from 1.0 
mc to 4.2 mc. Provisions for external modulation. 

See our color tele.sision studio equipment and labora-
tory test instruments in operation— 

Television Avenue • Booth 139 

<D 

Qtz<PZQz 

) 

fa/ 

(11 

111-i-r—ka4 ENGINEERING AND CONSTRUCTION COMPANY' 
12TH STREET AND FERRY AVENUE 

What to See at the 

Radio Engineering Show 

(Continued from page 263A) 

Mucon Corporation, 442 Electronic Ave. 
Sub-Miniature ceramic capacitors, for coupling, 
by-pass, temperature comnensation where space 
and weight are factors. New voltage•sensitive 
capacitors. New UHF standoff and ribbon lead 
capacitors. 

Muirhead Instruments, Inc., 490 Elec-
tronic Ave. 

Wave Analysers and associated equipment for 
vibration, sound and electrical wave-form 
analysis. High-Accuracr Decade Oscillator. 
Resolvers and other computation elements 
'Miniature Standard Cell. 

Mullard Ltd. of England, Booth 841 & 
Th. II Audio Ave. 

See International Electronics Corp. 

Mycalex Corp. of America 

65/, 653 Circuits Ave. 

klyealex glass- bonded mien- high temperature, 

dimensionally stable low lose insulating ma• 

serials and synthetic mica. Telemetering 

Switches, Coil Forms, Printed Circuit Tube 

Sockets, molded and fabricated components. 

RADAR RD. & 
ELECTRONICS 

AVE. —  
BOOTH No. 426 

Microwave components such as Antenna 
Feeds, Rotary Joints, Duplexer • Mixer 
Assemblies, Crystal Mixers, Directional 
Couplers, Waveguide Switches, designed 
and manufactured to your specifications. 

N.R.K. MFG. E ENGINEERING CO., Chicago 41, Ill. 

. .. 
BOOTH 378 

MICROWAVE AVENUE 
A complete line of Microwave Test 

Equipment, The-mistors and Bolo-

meters. 
THE NARDA CORPORATION 
MINEOLA • NEW YORK 

Naresco Equipment Corp. 
National Research Corp. 

221 Instruments Ave. 

',Impregnation equipment, •Iugarithinic 

wide range vacuum gauge, *quick cool booster 

pumps. Also, rotary gas ballast pumps & other 

high vacuum equipment. 

'Indicates in, prodtt,t 

264A 
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Visit 

IRE 

Booth 639 

Circuits 

Ave. 

INTERMEDIATE 
FREQUENCY AMPLIFIER 

HIGH- GAIN 
LOW- NOISE 
SUBMINIATURE 
8 1/2  " LONG 

new high-gain, low-noise inter-
mediate frequency radar amplifiers 
smallest in size, lightest in weight, offer 
rugged compactness, versatile circuitry 
including up to 100 Db automatic and 
manual gain control, low impedance out-
put, video detection, fast time constant, 

and low-noise input. Unparalleled sim-
plicity and efficiency are evidenced in 
the exclusive RS vinted circuit. Currently 
in use, this miniature instrument is vibra-
tion and shock resistant, lends itself to 
innumerable appl:cations. Modifications 
and special designs are available as re-
quired. Available to military specifica-
tions and with military source inspection 
on government contracts and subcon-
tracts. Write for detailed information. 

SPECIFICATIONS 
Center frequency 20 to 100 Mc. 
Bandwidth 2 to 12 Mc. 
Noise Figure Better than 2 Db. 
Gain Up to 120 Db. 
Automatic and/or 
Manual Gain Control. . 100 Db. or greater. 
Operative Temperature — 65'C to i-100'C, ars-

biert. 
Size As an exa mple, a nine tube 

amplifier is available completely enclosed in 
an 81/2 ' by 3. by 'A" cote.Smoller amplifiers 
available for special inseallations. 

Shock Will withstand at least 
30 G shock. 

Vibration Will withstand at least 
10 G vibration ;or extended periods while 
operating. 

Weight Approximately 1 lb. 

Products include Noise Generators, 
Post Amplifiers and Conventional IF Amplifiers 

EL EL-7WL7/V/L-5 CA,enDA' A 770A/ 

434 PORTAGE AVENUE 
PALO ALTO, CALIFORNIA 
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SLIP It ING SPECIALIST 

PARDNER . . . IF YOU'RE LOOKING 

FOR SLIP RINGS, LET P M I SHOW 

YOU A FEW TRICKS! 

When it comes to designing and manu-

facturing slip ring (collector ring) assem-

blies, pardner, you've come to the right 
corral. We can make them small as a Rhode 

Island gnat or big as a Texas moon. When 
you're at the IRE Show this month be 

sure to stop in and pay us a visit at 
Booth #602. 

BOOTH 

PROJECT 240E191 

Commutator and Slip Ring 
Assembly designed and pro-
duced to meet Gov't specs., 
MIL- E-5400, MIL- E- 5272B. 
Electrical tolerance (phas-
ing) -2:1° RPM 140 — Life 
1000 hours min. Brush 
noise 3 MV max. at 0.5A. 
34" dia. rotor. 

P M INDUSTRIES, INC. 
268 FAIRFIELD AVE. 
STAMFORD, CONN. 
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e 

AMBIENT 

i-600 

MO? 

with 

SINGLE CENTRAL CONTROL 
Another environmental test cabinet to solve 
the testing problems of industry. This is 
combination emit comprising • hot and cola 
cabinet and connected into one by ut using 
a central connol system. 

Manufacturers cf temperature. 

altitude, humidity, sand and 
dust, etc. For a complete listing 
of equipment manufactured by 
us, please send for our new 

1955 catalog. 

+200° TO 

-100°F 

Our lob is to solve ycia problem. Compare these 
features— 
• Complete hot and cold test set-up for hydrau-

lic or other components with central control. 
• Temperature Range in Hot chamber from am-

bient to + 600° F. 
• Temperature Range in cold chamber from 

+200° F to —100° F. ( lower temperatures if 
desired.) 

• Cooling provided by dry ice. ( Mechanical if 
required) 

• Heating provided by elect•ic heaters. 
• Control to +30 F at any temperature. ( Closer 

tolerances if desired). WRITE DEPT. R3. 

INTERNATIONAL RADIANT CORP. 
MEMBERS: ENVIRONMENTAL EQUIPMENT INSTITUTE 

4 MANHASSET AVENUE, PORT WASHINGTON, NEW YORK 

What to See at the 

Radio Engineering Show 

(Confirmed from Page 264A) 

National Carbon Co. 
Div. of Union Carbide 
& Carbon Corp. 

527, 529, 531 Components Ave. 

12 new "Eveready" "31ini.111ax" Battery tepee 
lue Tranàisior Equipment will be featured. 
Also coniplete " Eyeready" Radio Battery line. 
Various " Err- ready" Battery Engineering Bul-
letins available free of charge. 

Nat' u I Co., lise. 

848 Audio Ave. 

Engineers and manufacturers of pre-
cision electronic equipment and com-
ponents for government and com-
mercial use. Exhibit to include Re-
ceivers. Components and Engineered 
Products. 

National Vulcanized Fibre Co., 777 Air-
borne Ave. 

Copper-clad Phenolite, laminated plastic, for 
printed or etched circuits. Laminated plastics 
of glass, cloth and paper combined with phe-
nolics, melamines, polyestets, and silicone res' 
ins. Copper-clad fibre and components. 
Nems-Clarke, Inc., 127 Television Ave. 
Exhibiting latest development in special pur-
pose receivers for telemetering and television 
rebroadcasting. A highly stable crystal con-
trolled telemetry receiver will be featured. 

Neomatic Inc., 520 Components Ave. 
sre Elgin-Neomatic, Inc. 

Network Mfg. Corp, 782 Airborne Ave. 
Toggle Switches, MIL and IAN Military 
Styles per JAN-S-23 and MII.-S-6745. *1680 
Series if Appliance Switches in 36 Various 
C_ombinations. 

New Hermes Engraving Machine Corp., 
468 Electronic Ave. 

'First Showing of only chip-proof. laminated 
plastic, called GRAVOFLEX, for label plates, 
panels, etc. See demonstration on New Hermes 
portable engraving machine. 

New Jersey Electronics Corp. 
345 Carnegie Ave. 

'Kenilworth, N. J. 

Ixhibilrng 

BURLINGAME ASSOCIATES BOOTH 
234-236 INS-RUMENT AVE 

Manufacturers of the most complete line of 
Regirloted Plbte Power. Supplies in the industry 

New London Instrument Co., 166 Tele-
vision Ave. 

Test Equipment, Signal Generators, RF Noise 
Generators, Frequency Standards, Square Wave 
Generators, °Vacuum Tube Transconductance 
a na ly zer. 

New York Air Brake Co., 90 Palace 
New features of Kinney compound vacuum 
pumps for electronic tube industry: ( 1) ade-
quately vibration- free for mounting on carts, 
(21 controlled ems ballast, (3) single mechanical 
shaft seals. 

Ney Co., J. M., 291 Instruments Ave. 
Precious metal alloys in electrical contacts. 
contact assemblies, slip rings, sub- ring assem-
blies. precious metal fine resistance wire. 

*Indicates new product 

(Ceiltintied on page 268,1) 

trf411 

in 

BERYLLIUM 
COPPER 

Manufacturers of complex design 

parts ( to customers' specification) 

for Electronic, Radar, Television, 

Radio, Aircraft and Communica-

tion units. 

Producer of parts made from 

Beryllium' Copper, Coin Silver, 

Phosphor. Bronze, Brass, Alumi-
num and steel in thicknesses from 
.002 to .090.for experimental and 
production requirements. 

COMPLEX METAL PARTS 

• Grounding Strips 
• Diaphragms 
• Crystal Contacts 
• Grid Contacts 

• Cavity Contacts 
• Gaskets 
• Contact Springs 
• Spring Selectors 
• Screen Plates 
• Contact Rings, cte. 

Quotations subuti,ted upon requir 

140 Fifth Avenue 

Hawthorne, New Jersey 
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also is about 25% smaller. Concentric groove in ceramic 
inhibits leakage from sublimation deposits. Magnification 8x, 

New miniature d Sc cathode shank diameter and length are re-
duced by approximately 25% from the previous model. Ceramic 

NEW SUPERIOR TUBE MINIATURE DISC CATHODE 

SAVES 25% SPACE, UP TO 50% HEATER POWER 
Up to now, practically all cathode ray tubes were equipped with disc 
cathodes as large as the one shown on the left in the above picture. But 
since the aperture in the first grid of most cathode ray tubes is normally 

so much smaller than the cap of the cathode, Superior Tube engineers 
reasoned that the cathode could be smaller and still give as good emission. 

They were right. The new cathode is shown above. 

Think what this means: Tri-gun color TV tubes can have more slender 
necks. So also can multi-gun special purpose cathode ray tubes. Cost can 

be saved in the glass, the base, and the socket. Even single gun tubes can 

benefit. Less metal and ceramic means a lower heater power requirement. 

These miniature disc cathodes are available in all regular Superior Tube 
cathode alloys. Ceramics can be either 0.365" or 0.490" dia., with or 

without breather holes. Cap to ceramic dimensional tolerance (the "E" 
dimension) guaranteed within ± .0005". 

Ask for a sample quantity of these new cathodes and try them for per-
formance. Write for engineering information. Superior Tube Company, 

2506 Germantown Ave., Norristown, Pa. 

All analyses 
.010" to 3/4 " O.D. 
Certain analyses in 
light walls up to 
2IA" 0.0. 

egeeaertev. Z .:6e 
r The big name in small tubing 
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Radius of Curvature of edge of cap lessens the 

danger& hightemperature"dishinefrequently 

experienced with large area, sharp edge cath-

odes. " Dishing" would affect cut-off voltage of 

tube, require use of more expensive variable 

resistor in grid circuit. A small flat surface is 

retained to provide a satisfactory source of 

emission current. 

Size Comparison of Color TV Guns. mote how much 
more compact gun can be with miniature disc 

cathodes. Permits more slender tube neck. 
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"You're always sure with DeJUR instruments." 

ACTUAL SIZE 

There's 
"big meter" 
prec'sion in 

this Series 100 

SEALED 
SUBMINIATURE METER 

Ded1111 

...msgenomil•111•10 

Now you can specify this tiny, light 
weight instrument and still get ± 3% 
accuracy over full scale. 

Imagine, 9 precision meters take only 
3% square inches of space! Yet you do 
not sacrifice the accuracy of larger 
meters. The subminiature series 100 uses 
an extremely accurate external pivot 
D'Arsonval movement and special "0" 
ring and locknut for watertight, single 
hole mounting. ( Square model available 
on special order) 

Our Engineering Department can supply 
prototypes quickly to meet unusual de-
sign specifications for tests and approval. 
Write for complete technical literature. 
No obligation. 

DeJUR sealed and ruggedized panel 
instruments are also available in 

11/2", 21/2 ", 31/2 , and 41/2 " sizes. Send us 
your requirements and we will 

submit our quotations. 

ELECTRONIC SALES DIVISION DeJUR AMSCO CORPORATION 

45-01 Northern Blvd., _ong Island City 1, New York 

What to See ct the 

Radio Engineering Show 

(Continued from page 266,4) 

NORDEN-KETAY 
CORPORATION — 

Booths 629-631 Circuits Avenue 

Servo Mechanism Components Computers 
Gears ar Gear Trains Digital Converters 
Fire Control Systems Airborne Instruments 
Navigational Systems Gyro Components ..• 
Automatic Control Systems Servo AmpLifiery 

99 PARK 4VE. NEW YORK 16. N. Y.. 

A Division of Norden•Kesay Corporation. 

THE NORDEN 

LABORATORIES 

Booths (.29-631 Circuits Avenue 

Automatic Control Systems Computers 

Electro•Mechanical Devices Instruments 

North Electric Mfg. Co. 

857 Audio Ave. 

Hermetically sealed aircraft relays, 
industrial relays, relays for compu-
ters and calculating machines and 
communication equipment as voice 
frequency and narrow band signaling 
carrier. 

North Shore Nameplate Inc. 

844 Audio Ave. 

Speedy-Cal Aluminum Foil Anodized Pres. 
aure Sensitive Nameplates, Instruction Plates. 
Circuit Diagrams. Speedy- Marx Wire Code 
Markers, Cable, Conduit and Pipe Markers, 
Industrial Safety Sign», Container Markers, 
Hi-Temp Markers. *F.O.A. Markers, both tape 
and metal. *Multi.color Aluminum Foil An. 
odized, Etched, Pressure Sensitive Name. 
plates. 

Northeast Scientific Corporation, 113 
Television Ave. 

*Precision Regulated High-Voltage supplies in 
the kilovolt region. *Stabilized Constant-Cur-
rent Supply. *Modulated Millimeter-Wave Sig-
nal Generator. •High-Frequency 1..P, HP, and 
BP filters. 

Northern Radio Co., Inc., 197, 198 Tele-
vision Ave. & Broadcast Way 

SEE a demonstration of the latest techniques 
in the FREQUENCY SHIFT communication 
field as embodied in the NORTHERN RADIO 
TWINPLEX units, FS DIVERSITY CON-
VERTER & VARIABLE MASTER OSCIL-
LATOR with 1 part per million stability! 

•Indicates new nroduct 

(Continued on Sue 270A) 

Show Hours: Monday 10 AM 10 PM 

Tuesday 10 AM 10 PM 

Wednesday 10 AM- 5 PM 

Thursday 10 AM-10 PM 
See us at Booth 200, Production Road, Radio Engineering Show 
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• 

A NEW 

TECHNIQUE 

FOR 

BETTER 

VISIBILITY 

by NIGHT 

by DAY 
ILLUMINATED 

• SWITCH ASSEMBLIES 

• CONTROL PANELS 

• KNOBS 

• DIALS 

Because of a unique 

technique, characteristics 

never before achieved 

are available in panels, 

knobs, switches, flat and 

drum dials. The lettering 

is flush, on a non-reflecting 

black background, providing 

maximum angle visibility 

with no eye fatigue. When 

lighted from behind, there 

is no after-image. 

An illustrated booklet 

showing some of the present 

applications of this new 

technique land perhaps 

provoking some new ideas) 

is available. 

Write for Booklet # 11. 

See us at Booth 214 

Instruments Avenue 

I.R.E. Show 

UNIVERSAL MeEl!,9" 
362 Fifth Ave., New York 1, N. Y. 

Wlsconsin 7-3574-5 

For Printed Wiring Applications 

5, (IE 1   
TUBULAR CERAMICONS 

NON-INSULATED 

D(PPED 
PHENOLIC INSULATED 

MOLDED 
PHENOLIC INSULATED 

• ERIE TUBULAR CERAMICONS offer a convenient form 
factor for printed wiring board applications. This is 
especially significant when above-board space is at 
a premium. 

o ERIE Tubulars offer added printed wiring layout flexi-
bility. The smallest unit is capable of spanning a range 
from ,';" to 2 4" 

• 

• 

• 

• 

Leads of ERIE Radial Lead Tubular Ceramicons are 
tinned with a minimum of .001" coating of solder to 
assure continued ease of soldering even after long 
storage. 

The uniform case size of the ERIE Molded Tubular 
Cerarnicon is particularly adapted to automatic loading 
and is available packaged on tape,-2000 to a reel. 

ERIE Tubular dielectric design is inherently strong. 
Lead wires are wrapped around the dielectric and 
soldered. This feature assures unusual ruggedness in 
withstanding stress on leads in any direction. 

Temperature Compensating and General Purpose Tu-
bular CERAMICONS are available in a wide capacity 
range with tolerances as close as + 1% or + .1 mmf. and 
in Hi-K types for by-pass and coupling applications. 

Write for a copy of Bulletin 313-2 for a complete 

description of ERIE TUBULAR CERAMICONS. 

ERIE RESISTOR CORPORATION 
Main Offices and factories ERIE, PA. 

Manufacturing Subsidiaries 
HOLLY SPRINGS. MISSISSIPPI • LONDON, ENGLAND • TRENTON, ONTARIO 

PROCEEDINGS OF THE I.R.E. March, 1955 269A 



New England: 
Framingham, Massachusetts, Framingham 7091 

Metropolitan New York, New Jersey: 
Jersey City, New Jersey, Journal Square 4-3574 

Upstate New York: 
Syracuse, New York, Syracuse 76-8056 

Northern Ohio, Western Pennsylvania: 
Cleveland, Ohio, Atlantic 1-1060 

Indiana, Southern Ohio: 
Logansport, Indiana, Logansport 2555 

AT THE 

RADIO ENGINEERING 
19 55 

IRE 
NATIONAL 
CONVENTION 

Hew York City 
MARCH 21-24 

BOOTH 

DIELECTRIC KRAFT • FISH PAPER • CELLULOSE ACETATE 
COMBINATIONS • PHENOL IMPREGNATED 

Round, square, rectangular, triangular, any shape, any size —  

Precision Paper Tube Co. can provide all your paper tubing needs. 

Your specifications are met to the most exacting tolerances. Precision 

Paper Tubes are sturdy, crush resistant, have high tensile strength 
and excellent dimensional stability. 

HIGH DIELECTRIC BOBBINS FOR BETTER COILS 

Precision-made on specially designed equip-

ment, using the finest materials, to provide 

maximum tensile strength, light weight, more 

winding space and other essential electrical and 
mechanical characteristics. 

Furnished in any size or shape. Supplied plain or fitted with leads, 

slots or holes. Flanges cut to specification, plain or embossed. 

The only complete coil form service available. Get full information 
at our booth. 

Sales Representatives in: 

Missouri, Southern Illinois, Iowa: 
St. Louis, Mksouri, Sterling 2318 

Maryland: 
Baltimore, Maryland, Plaza 2-3211 

Philadelphia, Camden: 
Philadelphia, Pa., Chestnut Hill 8-0282 

California: 
Pasadena, Californio, Sycamore 8-3919 

Canada: 
Montreal, Quebec, Canada, Walnut 2715 

2051 W. CHARLESTON ST. CHICAGO 47, ILL. 

Plant No. 2: 79 Chapel St., Hartford, Conn. 

What to See ait the 

Radio Engineering Show 

(CoMinueci from page 2684) 

A SLbsidiary of Norden-Ketay Corporation 

nuclear Sierree 

anct enyineerisay Corporation 

Booths 629-631 Circuits Avenue 

Industrial Applications of Radioactivity 
• 

P.O. Box 10901 Pittsbt.rgh 36, Penna. 

Nucleonics, 126 Television Ave. 
See McGraw-Hill rub. Co. 

Oak Mfg. Co., 641 Circuits Ave. 
Rotary, pushbutton, slider and level switches; 
Ledex type rotary solenoids; vibrators; 60 to 
500 cycle choppers; television and automobile 
tuners; special electro-mechanical assemblies. 

111
111

111
111

111
111

111
111

111
111

111
1 

Be Right wills 

01IMITE 
Rheostats • Resistors 

RF Chokes • Tap Switches 

AMRECON RELAYS 

OHMITE MFG. CO. 
551 Components Ave. 

Olympic Metal Products 

Compan. Inc. 

336 Computer Ave. 

*Deep Drawn Ca.:es, Fabricated Cases, Ny. 

persil Core Brackets, Channels, Shields for 

Transformer Industry. Also Chassis, Panels, 

Stampings for Electronic Industry in general. 

Anima 

Olympic Radio & Television Inc., 73 Pal-
ace 

*Introducing compact, light weight, low cost 
VHF Automatic Direction Firider—Industrial 
TV Receivers—Radar Equipment—offering ex-
tensive environmental testing facilities and 
developmental engineering-. 

Optical Film Engineering 
Co. 

865 Audio Ave. 

For a complete line of Wgh vacuum equip. 
Inent, vacuum exhaust systems, automatic TV. 
tube aluminizers, package pumping systems, 
dichrioc filters, Iront surtace mirrors, elec-
trically conductive transparent coatings, low 
reflection coatings and specialized thin films 
of .. 11 clescriptions. 

'Indicates new product 

(Continued on page 272A) 

Busses every eight :minutes 

Kingsbridge to WaMod Astoria 

FREE 
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* * * 
  co4,,, 

.e. 4, 390 '.• o cc z 
• Microwave • 
*3 
re) Ave. •p 

eivc/NEEleC' 
KINGSRRIDGE ARMORY 
KINGSBRIDGE PALACE 

WALDORF ASTORIA NEW YORK CITY 

MARCH 21-24, 1955 

New Items 

at the Show! 

• Coaxial Directional Couples from 100 mc to 3000 mc 

• Power Dividers 

is our 

• Band Pass Filters 

Also on display— 

regular line of component parts for the 

frequency range of 1000 to 40,000 megacycles 

Specialists in Radar-Microwave Components and Test Equipment 

UCLA 
  .Nao 

MICRO WA VE co, inc. 
II Reeshwooel Avenue • NEW ROCHELLE, N.Y. • Telephone: New Rochelle 6-6900 

830 
IS STILL THE FINEST 

TV CHASSIS EVER DESIGNED 

...and there is no finer 
630 chassis than the 

GOLD MEDAL 

b#TECHASTER 
... featuring a new and Improved system of 
Picture-Sound synchronizalion which affords 
simple pin-point tuning with highest picture 
resolution and drift-free undistorted sound 
under an signal conditions ... UHF or VHF. 

CD TELEVISION and RADIO 
75 FRONT !TREET, BROOKLYN 1, NEW YORK 

MODEL 2430: For picture tubes up to 24" 
Audio connection for optional use of external 
ampilfler. 
Net Price (Lem Klee) $189.50 

MODEL 2431: Same as 2430, but with true 
fidelity Push-Pull audio amplifier. 
Net Price ( Less Klee)  9199.50 

MODEL 2439: For 90° Kinescopes up to 27" 
Net Price ( Less Kine) $262.50 

All Models Available UHF/VHF 
Send For Literature 

TECH-MASTER CORPORATION 
TECH-MASTER TV Chassis 

TECH-MASTER TV Kits 

TECH-MASTER Audio Equipment 

See the 

* SERVO * 
* * 
* all-star line-up * 
* * 
* at the * 
* 
* IRE SHOW 14 

BOOTHS 

203 AND 300, 
* PRODUCTION 

Mik, E_G.S OF,R CT 

ROAD *  

* Radio Instrument Line 

Navigation Direction Finding 

Radar Facsimile Recorder 

Measurement Instruments 

Communication Receivers 

High Voltage Power Supplies 

* Servolab Instrument Line 

Servoscope' 

Scryoboard* 

Servo Amplifiers 

Servolab Building Blocks 

* Infrared Measurements Line 

Bolometer and Preamplifier 

Recorder Amplifier 

Pyrometers 

REG 
TRADE 
MARK 

SC-! 28 

SERVO CORPORÀTION 
OF AMERICA 

PROCEED/. \ .s r,/ ////, 3 a rch, 1955 

NEW HYDE PARK, NEW YORK 
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MODEL 1425 

900 V.A. 

•••Milem•••••••••••• 

L;74;JO 

CE 

VARIABLE FREQUENCY 

GENERATORS 

50-6000 CPS 

For powering your shake table or production test 

facility, the new CML model 1425 features low dis-

tortion (3%) and well regulated output voltage 

( ±- 1%). Low dynamic output impedance is a fea-

ture of all CML Generators. 

Other frequency ranges within the 20 CPS to 

60 KC range available on special order. 

Other CML Generators from 50 watts to 13.5 

KVA-single and 3 phase. 

COMMUNICATION MEASUREMENTS 
LABORATORY, INC. 

350 LELAND AVE., PLAINFIELD, N.J. 

TOP HAT FOR PLUG-IN UNITS 

Uit, F,,,,,, v A widely used, dependable, 
improved clamp for electron 

tubes, relays and capacitors. 

WRITE FOR NEW 1955 CATALOG 

EASY TO APPLY 

INSTANTLY RELEASED 

POSITIVE LOCKING ACTION r it> #r 
TIMES FACSIMILE CORPORATION 540 West 58 St., New York 19, N. Y. 

1523 L St., N. W. Washington S. D. C. 

CAPITOL 
RADIO 

ENGINEERING 
INSTITUTE 

Advanced Home Study and Residence 
i Courses in Practical Radio- Electronics 

and Television Engineering 

Request your free Home Study or 
lev8ident School Catalog by writing to: Dept, 26133 

Pioneer in Radio Engineering Instruction Since 1927 

Accredited 
Technical 
Institute 
Curricula 

WNW 

3224 16th St., N. W. Washington 10, D. C. 
Approved for Veteran Training 

What to See at the 

Radio Engineering Show 

(Continued from page 270A) 

John Oster Mfg. Co. 

747 Airborne Ave. 

Instrument control motors—servos, 
synchros, resolvers; Tachometer gen-
erators; Servo Torque units; AC-DC 
drive motors; AC-DC blower and fan 
motors; Rotary and linear actuators. 

i Overtakes Corporation, 45 Palace 
I See Garfield Wire Div. 

PM Industries Inc. 

602 Circuits Ave. 

Manufacturers of slip ring (collector 

ring) and brush assemblies of all 
types and sizes. Molded or fabricated 
to your specifications. 

PSC Applied Research Limited, 54, 56 
Palace 

'Automatic Tri-Film Processor. MK 6 Instru-
mentation Camera. Custom microwave plumb-
ing. The automatic ice detection and shedding 
control system and the T249 Armament Inter-
valometer as installed an the Avro Aircraft 
Ltd., CF 100 MK 4. 

Pacent Engineering Corp., 680 Circuits 
Ave. 

Representing: Moloney Electric Co., Roller-
Smith Corp., Transistor Products. Inc., Van 
Dyke Textigraph Co., S. A. Asquith Co. 

Pacific Semiconductors 

475 Electronics Ave. 

Manufacturers of germanium diodes 
and silicon junction diodes; research, 
development, and engineering in the 
fields of semiconductor devices and 
semiconductor circuits. 

Packard-Bell Compaay, 30 Palace 
See the best in color TV Delay Lines, lumped 
& distributed Delay Lines, Filters, Printed 
Wiring Circuit Assemblies. Engineering, De-
velopment & Production Services. 

Panoramic Radio Products, 
Inc. 

230, 232 Instruments Ave. 

*Sub•sonic waveform analyzer. 'Model SC.81, 
Panoramic Indicator. *Improved SA-8b Pan. 
adaptors and SB-8b Pmalyzors. *Frequency 
Calibrators for AP.I & LP.I Panoramic Sonic 
Analyzers. *TMC.211 simultaneous eleven. 
point calibrator for telemetry discriminators. 

•Indicates new product 

(Continued on page 274A) 
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They are precision mixed, preci-
sion made, and precision con-
trolled for every electronic use. 

Wolf 

ern 

Give your products the advantages 
of MOLDITE Core Standards tha4 
offer you . . . 

ECONOMY INTERCHANGE- I 
ABILITY 

AVAILABILITY 
HIGH QUALITY 

UNIFORMITY FLEXIBILITY 

NATIONAL 

blOt 

COMPANY 

MOLDITE 

"WROTE T 
for IRON CORES 

FERRITE 

MOLDITE'S record of perform-
ance for the past ten years in 

producing millions of cores, coil 
forms and ferrites has contributed 
substantially to the accomplishments 
of the electronic industry. 

To check with MOLDITE is a Must, 
because only MOLDITE leads in all 
three . . . iron cores, coil forms and 
ferrites. 

MOLDITE iron cores, ferries and 
molded coil forms (iron and phen-
olic) are being selected for use in 
high quality equipment by all lead-
ing television, radio and electronic 
manufacturers as well as all branches 
of the Armed Forces. Only MOLDITE 
makes them all . . . for your service 
and convenience. One source for all 
three — iron cores, ferrites and 
molded coil forms. 

We are particularly proud of a Cer-
ticate of Cooperation awarded us by 
the U. S. Foreign Operations Admin-
istration for furnishing technical 
assistance. 

Our success is measured by the ever 
increasing number of loyal satisfied 
customers. MOLDITE'S quality, ser-
vice and spirit of progress sets the 
keynote for tomorrow. No specifica-

BM Franklin 
3 Holly Road 

North Syracuse, N. Y. 

tion is too difficult, no order too 
small, no requirement too rigid. The 
MOLDITE label is your guarantee 
of complete satisfaction. 

111OLDITE'S world-wide reputation 
is a result of 

1. Creative research and engineer-
ing. 

• • • 

2. Specialized materials processing 
techniques. 

3. High quality mass production fa-
cilities 

4. Modern core manufacturing fa-
cilities for precision molding. 

5. Exclusive, specially designed, 
press controls. 

CERTIFICATE OF COOPERATION 

46447,+'"efee;tr4c'e 

h ,,, 

47 17.4t4 - 
er 

Send for our Catalog NM # 110 

1410 CHESTNUT AVE., HILLSIDE 3, N. J.  

Robert I. Murray Co 
614 Central Avenue 
East Orange, N.J. 

Jerry Golten Co. Perlmuth-Coleman Assoc. 
2750 W. North Ave. 2419 So. Grand Ave. 

Chicago 22, Ill. Los Angeles 7, Calif. 

Jose Luis Pon% 
Cordoba 1472 
Buenos Aires 
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IDENTICAL AMPLIFICATION 

et) Mt rel'e 

See Booth 
No. 481 

IRE Show 1955 

" 

\ACOS8  Write foi-
literature 

Precision measurement of 
phase shift is practically 
distortion free in the 

CROSBY Wideband Oscilloscope, Model 320. 
Identical horizontal and vertical amplifiers al-
low phase shift indication for frequencies up to 
5 megacycles. 

A deflection sensitivity of 35 millivolts 
RMS per inch, on both amplifiers, makes the 
Model 320 ideally suited for use in laboratories 
requiring accurate phase shift evaluation. 

A general purpose, high-gain instrument 
. . . particularly adapted to color television 
measurements. An Oscilloscope designed by 
engineers for use by engineers. 

CROSBY LABORATORIES, Inc. 
BOX 233 • HICKSVILLE, N. Y. 

BENNIETT-BILT 

Custom-made Metal Enclosures and Components 
for Radio - Electronic Industries 

A prime and dependable source in metal 
fabrication since 1906. 

Cabinets • Consoles • Enclosures 
Panels • Chassis • Frames 

Shoat-mounted cabinet, telescoping chassis. Stainless and non-ferrous cases and chassis. 

Custom-fabricated products made to your specifica-
tions in all metals: ferrous and non-ferrous; up to 

sheet in steel, aluminum, magnesium and 
alloys. Also light structuals. Any specified finish. 

BENNETT 
MANUFACTURING COMPANY 

38 RAILROAD STREET 

ALDEN, NEW YORK 

WRITE TODAY for our new 
FACILITIES CATALOG — 
a colorful 16-page brochure. 

VISIT US AT OUR EXHIBIT— 
Booth 779-
1955 Radio Engineering Show. 
March 21-24 

What to See at the 
Radio Engineering Show 

(C,,ntietu,/ from pa ge 272A) 

Par-Metal Products Corp., 292 Instru-
ments Ave. 

Featuring a complete line uf Universal Cabinet 
Racks with Solid or Detachable Sides, Single 
or Multi- Rack Assemblies for Standard 19" 
Wide Panels—and single, double, and triple 
Utility Desk Assemblie:: for electronic ap-
paratus. 

Paramount Paper Tube 
Corp. 

385 Microwave tse. 

Coil Forms—"Paraformed" or "Reg-
ular." The largest and smallest coil 
and transformer manufacturers de-
pend on "Paramount" quality. Begin 
with the best—check our prices. 

PARK NAMEPLATE CO., INC. 
61- 07 32ND AYE. WOODSIDE 77, NEW YORK 

FOIL NAMEPLATES 
0.003 AND 0.005 ANODIZED 

MULTICOLOR BACKUD WITH ADHESIVE 

-INSTRUMENT PANELS 
ETCHED AND ML LTICOLOR ANODIZED 

Booth 6 

Penta Laboratories, Inc., 440 Electronic 
Ave. 

Electron Tubes, new ttansmitting and special 
purpose types: Beam Pentodes and Tetrodes; 
grounded-grid Triodes; low-jitter Hydrogen 
Thyratrons; traveling-wave Amplifiers and 
Oscillators; Vacuum Switches. 

Otinacord 
TAPE RECORDER 

1 to 6 channels on 1/4 " tape 

PENTRON CORP., 856 Audio Ave. 

PERKIN ENGINEERING CORP. 

immiimur 
?IRK I s 

DVC 

Pam beee6 

LABORATORY 

RADAR, MISSILE 

POWER SUPPLIES 

BOOTH 13 

345 Kansas St., El Segundo, Calif. 

Perkin-Elmer Corp., 20 Palace 
See Vernistat Div. 

>Indicates nevi product. 

(Continued on ptge 2164) 

A complete list of all Radio Engineering 

Show visitors registered will be found on the 

balcony at Ringsbridge Palace. 
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IT WAS BOUND TO HA 

AND NATURALLY IT HAPPENED AT HEEMC 

In a continuing effort to lead the crystal industry 
in the development of new products for the elec-

tronic industry, Heemco ingenuity has fostered 
another outstanding development.. . a minia-
ture 2.5-20KC audio frequency crystal which 
is now available in production line quantities. 

For the First Time, Miniature 2.5-20KC Audio Frequency Crystals 

This sturdy unit, hermetically sealed in the 
standard Heemco holder, MIL HC-13/U, 

shows deviation in frequency of less than 
±0.010% over the temperature range of 
—40°C to + 70°C and will meet the vibration 

and shock requirement MIL—C-3098A. 

Orders of any quantity accepted for schedules as required. 

HILL ELECTRONIC ENGINEERING AND MANUFACTUING COMPANY, INC. 
New Kingstown, Pennsylvania 

PROCEEDINGS OF THE I.R.E. March, 1 275. 



for all applications requiring 

exceptionally high insulation 

resistance and unusual 

stability at high 

temperature 

Catalog available 

HOPKINS 

"HY-THERM" 
New sub-miniature 
high temperature 

CAPACITORS 
Hermetically sealed and metal en-

cased, new HY-THERM capacitors 
have been designed to meet or exceed 

military requirements ( Mil-C-25A). Ex-
ample: At I25°C the minimum insulation 

resistance is 20 megohm-microfarads and maxi-
mum insulation resistance is 500 megohms. Avail-

able in all standard values and tolerances. Variety of 
mounting and circuit combinations. Special units de-

signed to meet individual requirements. 

Have a special problem? 
Write, wire or phone for 
details, TODAY! 

2082 Lincoln Ave., Altadena, Calif., 
SYcamore 8-1185 • Offices in 
WASHINGTON, D.C. and DETROIT 

Testl'on: 
•Trademark for DuPoNT 
tetrafluoroethylene resin. 

• • 
INQUIRIES INVITED ON 

TAPE • SHEET • ROD • TUBES 

Molded and Machined Parts 

O. J. Maigne Co. 
321 PEARL STREET e NEW YORK 38, N. Y. • WORTH 2-1165 

HARDWARE FOR ELECTRONICS 
ONE SOURCE OF SUPPLY FOR FASTENINGS 

We carry in stock thousands of STANDARD and SPECIAL 
items used in the ELECTRONIC INDUSTRY. SCREWS—NUTS 

—WASHERS—TERMINALS—GROMMETS—RIVETS— 
EYELE1S—ACCESSORIES. 

SPECIAL Cold Headed Products—Stampings—Screw Machine 
Parts—Made to order in all metals. 

WRITE FOR CATALOG 54 

What to See at the 

Radio Engineering Show 

(Continued from page 274A) 

Permacel Tape Corp., 605 Circuits Ave. 
Featuring the full line of Permacel 2- in-1 elec-
trical tapes which are both pressure-sensitive 
and heat-curing. Also Permacel plastic tape 
for splicing. 

Phalo Plastics Corp., 564 Components 
Ave. 

Thermoplastic insulated wires, cables, power 
supply cords, cord sets, harnesses and assem-
blies. "Molded-on grounding, Octal, miniature, 
snap-in TV, plugs and connectors. 

Phaostron Co., 428 Electronic Ave. 
"555" AC, DC, metal-cased pocket size multi-
meter, Type TS352 B/U multimeter available 
to military and industrial users; complete line 
of custom and ruggedized panel instruments 
including null indicators, and a 6" custom me-
ter with mirror scales, and 1% reading accu-
racy. 

el11111111111111111111111111111 11 11 111111111111111111111111111111111,111111111111111111111111111111111111111111111111111g 
g 
g . Phelps Dodge Copper 
P: 

--p.-. Products Corp. 
g 
g 
.---

683 Circuits Ave. 

See our outstanding magnet wire 
products for radio, television, and 
electronic devices. Bondeze and Sol-
dereze lead the way to solve your 
electronic problems. 

,a111111 111111111111111111111111111111111111111111111111111111111111111:111111111111111111111111111111111I111111111111111110 

Phen-O-Tron, Inc., 19 Palace 
3 Types of Geiger Counters using Etched 
Wiring, Small Multi-Vibrator Kit given to 
accredited Engineers Gratis. Various Computer 
Boards. Etched wiring on various copper clad 
materials. 

Philamon Labs., Inc., 611 Circuits Ave. 
Precision Frequency Standards. Line of tuning 
fork resonators, oscillators, frequency dividers 
and power amplifiers. Oscilloscope demonstra-
tion of stability and accuracy of two tuning 
fork resonators. 

Philco Corp., 489-493 Electronic Ave. 
See the Philco "Surface Barrier" Transistor— 
industry's first high frequency transistor; also 
'transistor applications and circuitry; the 
latest in industrial television systems, *test 
equipment for color television; 'tubes. 

Phillips Control Corporation, 687 Cir-
cuits Ave. 

See the latest custom-engineered relays and 
solenoids, including the *type 8 (400 cycle), 
"Taper-Tab" terminal re:ays, and also our 
"Printed Circuit" relays. 

Photo Chemical Products 
Inc. 

635 Circuits Ave. 

WRINLAY PROCESS for Permanent Mark. 
ilea on dials, panel., schematic diagrams. 
Complete drafting and photography depart. 
ment. Design assistance. Metal preparation. 
Fluorescent and radium application. Re-
search and development in plated circuit.. 

'Indicates new product 

(Continued on page 280A) 

Show Hours: Monday 10 AM-10 PM 

Tuesday 10 AM-10 PM 

Wednesday 10 AM- 5 PM 

Thursday 10 AM-10 PM 

276w WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE I.R.E. March, 1955 



INSULATED CIRCUITS, INC. SALES OFFICES-

We're Curing Our Growing Pains 

Due to the tremendous increased demand made upon us by 
our many customers, for which we are truly grateful, we are pleased to 
announce the commencement of construction of our new quarters 
at West Caldwell, New jersey, having six times as much space 
and ten times as much productior potential as here-to-fore. 

This means that we can -naintain faster production schedules 
and at the same time ccrry on greater research and development 
projects to meet every requirement. 

I. C. I. engineers have always 'peen available for consultation and 
cooperation at every stage of manufacture of any printed 
circuit or printed circuit asse-nbly ... ready to work with you from 
the inception of the idea to the completion of the project. 
With our new working space and production equipment 
their creative planning will be even broader. 

KEEP YOUR EYE ON I.C.I. 
Watch for the first announcement of a startling new high 
insulation resistance development for printed circuits. This patented 
process will open your eyes tp new fields of electronic development. 

I NCOR PeR ATE D 

115 Roosevelt Avenue, 3elleville, N. J. PLymouth 9-0700 

-Manufacturers of Quality Printed Circuits" 

Albuquerque. New M9XiCO, 327 Wyoming, S. E. 5-8606 
Belmont, Cal f., 1334 Old County Road LYtell 3-3438 
Boston, Mass., 43 Leon Street Highlands 5-4676 
Bridgeport, Conn., 64 Hillandale Rd., Fa rfield EDison 4-3602 
Camden, New Jersey, 201 North 6th St. WOodlawn 4-3970 
Chicago. Ill., 2800 N. Milwaukee Ave. HUmboldt 9-2550 
Detroit, Mich , 20158 Santa Rosa Drive UNIversity 3-5189 
Hollywood, Calif., 1550 N. Highland Drive H011ybvood 24195 

Minneapolis, Minn., 1645 Hennepin Ave. GEneva 2111 
New York, N.Y., 77 44 Austin St., Forest Hills. L. I. 

BOulevard 8-5136 
Pittsfield, Mass., 50 South Street 8618 
Rochester. New York, 144 Collingsworth Drive Hillside 4095 
Seattle, Washington, King County Airport, Rm. 101 

LAnder 3320 
St. Louis, Missouri, 6635 Delmar Blvd. vOlunteer 3-3661 
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More IRC resistors are used by manufacturers 

of military devices, instruments, computers, 

electronic and electrical equipment, appliances, 

radio and television sets than any other brand. 
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IRC makes over 140 types of resistors 

o recommen ithout bia 
011.C. 

International Resistance Company, 401 North Broad Street, Philadelphia 8, Pa. 
'oily Owned S 

an dIan LI 

IRCAL INDUSTRIES, Los Angeles, California 
VAN DYKE INSTRUMENTS, Inc., St. Petersburg, Florida 
INTERNATIONAL RESISTANCE CO., Ltd., London, England 

rertortritarnmr/ Thredentr.... rem_ T if/ 4/ 0 rerrIn.., •te 



NEW. . TCO-22 
SERIES 

CRYSTAL OVEN 

rebind 

*--fe 

/it a ruse eise 
.z...1.5n8e4o4eo OcrAlt 

«ever« .• 

BOTTOM VIEW OF BASE 

A new concept of frequency stability, with 
compact design, is introduced by the TC0-
22 series oven. Features include provision 
for mounting two BH6A crystal holders 
(MIL type HC-6/U), quick heating, easy 
access for frequency change, in addition to 
a stability of ±-1° C. 

STANDARD UNITS 

Type 
Heater 
Voltage Watts 

Nominal 
Temperature 

* 
Stability 

TCO-22 6.3 7.75 -I-75' Cor A- 85 C -± I°C 

TCO-22D 26.5 7.75 4-75' Cor + 85'C t I°C 

* Stabi ity shown applies to quartz blank 1 in Bliley BH6A holder over ambient range 
between minus 55° C and nominal tempera-
ture. 

For special applications, where higher 
operating temperatures exist, the TCO-22 
series will be supplied on special order as 
follows: 

Nominal Temp. Ambient Stability 

I00°C —40°C to + 100' C t IC 

I10°C —40' C to-I- 110°C ± I.5'C 

Ved€9 ELECTRIC COMPANY 
UNION STATION BUILDING 

ERIE, PENNSYLVANIA 

What to See at the 

Radio Engineering Show 

(Continued from page 276A) 

‘11) kolociails 
CORPORATION 

GLEN COVE 
NEW YORK 

NEW "MELACON" 661-663 

Process features I CIRCUITS AVE. 

electro•formed circuitry "flush" surfaced 
with Melamine for low torque, long wearing 
switch plates, commutator and code discs. 
Printed Circuit radio chassis, amplifiers, fil-
ters, terminal boards, miniaturized packages, 
plug-in computer units. 

Pickard & Burns, Inc., 626 Circuits Ave. 
Serving industry and the military in the fields 
of antenna and electronics research and de-
velopment. See our Bolometer Amplifiers and 
the *LOG LINEAR CONVERTER, 

Pilot International Corp., 28 Palace 
See Robco Mfg. Div. 

Plastic Capacitors, Inc., 60 Palace 
Plastic film dielectric capacitors specializing 
in high temperature, high voltage, ultra sta-
bility, ultra high resistance. Pulse forming 
networks with low losses. 60 and 400 cycle 
low current high voltage power supplies. *Type 
LS miniature. New Zero coefficient capaci-
tors. 

Plastoid Corp., 162, 164 Television Ave. 
Plastic Insulated Wire & Cable Products. 

ELECTRONICS CORPORATION 
43-20 34th Street, Long Island City 1, N. Y. 

BROADBAND MICROWAVE CIO MC to 50,000 MC): 
Spectrum Analyzers aid Selectors; Signal 
Generators and Sources; Receivers; Code 
Modulated Generators; X- Band Oscillators; 
Components. 

NTSC TV EQUIPMENT: Sync, Bar, and subcarrier 
Frequency Generators; Color Slide Scanners; 
Colorplexers• Monitors. 

TEST EQUIPMENT: Micro Pcwer Meters, Klystron 
Tube Testers. 

—BOOTH 277-279 INSTRUMENTS AVE.— 

Polymer Corp. of Pa., 811 Audio Ave. 
Non-metallic for insulation and mechanical 
applications is the theme of Polymer's booth. 
New materials designed for specific end uses 
are shown. Materials engineers can assist 
visitors with their problems. 

Polyphase Instrument Co., 767 Airborne 
Ave. 

*Transistor family curve tracer for power 
transistors. Other transistor analyzers. Pulse 
transformers, low pass and *band pass tele' 
metering filters. *Strain gage preamplifier and 
other strain measuring equipment. 

Paiteekir RESEARCH 
& DEVELOPMENT CO • INC 

293, 295 INSTRUMENTS AVE. 
• Precision Microwave and 

VHF .UHF Instruments 
• Magnetic Amplifiers, 
Standard and Custom Units 
• Evaporated Metal Fib 

1% Resistors 

Popper & Sons, Inc., 437 Electronic Ave. 
Marking Equipment to print on capacitors, 
resistors, rectifiers, cores, coils, cans, tube 
bases, relays, fuses; hand operated and auto-
matic. 

*Indicates new product 

(Continued on page ?82A) 
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NOW! 
PRECISION ENGINEERED I.F. AMPLIFIERS 

at assembly line prices! 
for RADAR • COMMUNICATION • LABORATORY • COMPUTERS 

'150°1 
F.O.B. Mineola, N. Y. 

Note: 

Several exclusive 

sales franchises 

available. 

Manufacturers representatives 

please write. 

t.AE.Nre 

/IV 

I  ce  
we. - 

Of:? Itk 

II 
Standard adaptable models - volume production - individual atten-

tion . . . three good reasons why I.F.I. can offer these top quality j. f. 

strips at such low prices. These are not the ordinary commercial type 

mass-produced units, suitable only for low priced assemblies. Each unit 

is precision-engineered and thoroughly tested to meet quality stand-

ards that rival military specifications. 

A wide variety of standard units, each adaptable for many applica-

tions, is available for prompt delivery from stock. I. F.I.'s fast conven-

ient service on i. f. strips and other types of broad band amplifiers has 

saved valuable design and production time for many leading companies. 

Write for complete details. 
P.S. Preliminary data on I. F.I.'s new 100 watt Distributed Amplifier is 

now available. Ask for data sheet # 400. 

SPECIFICATIONS OF TYPICAL STANDARD UNITS 

M260 M230 M235 

Band Center 60 mc   30 mc 30 mc 
Band width 10 mc 2 mc  10 mc 
Voltage gain  90 db  110 db   90 db 
Output power  0.02 W  0.1 W  0.04 W 
Input impedance  50 ohms  50 ohms  50 ohms 
Input V. S. W. R. 

less than   1.3:1 1.3:1 1.3,1 
Note: M230 model available with 1.5 db noise figure 

INSTRUMENTS FOR INDUSTRY, Inc. 
152 GLEN COVE ROAD, MINEOLA, N, Y. • PHONE: Pioneer 2-5300 

REPRESENTATIVES 

G. E. Moxon Sales Hunter & Salsbury, Inc. 

422 La Jolla Ave. 258 Herricks Road 

San Mateo, Calif. Mineola, N. Y. 

"SEE US AT THE I. R. E. SHOW-BOOTH = 741-AIRBORNE AVE." 
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THE LAST WORD IN AIRBORNE TELEMETRY 

Universal Mounting Assembly 
for simplified system panning and installation 

The UNERAC (Universal Electronic 
Regulator, Amplifier and Calibrator) 
is a self-contained junction box for all 
elements of the transmitter system. It 
supplies or distributes all power, signal, 
calibration and transducer instrumen-
tation voltages. Provides for transmitter 
deviation control, stepping relay cir-
cuits for 3 or 5 point calibration, and 
manual calibration. 

The Universal Mount Section has mount-
ing facilities for three RREP-type 
plug-in oscillators, plus necessary distri-
bution and supply circuitry. Each 
building block section is constructed 
so that power is fed to the entire 
assembly, each section taking only that 
power required for its own oscillators and 
transducers. 

Write for Technical Bulletin. 

iLlZ1.7.1 1H 

TYPE 1401A UNERAC 

TYPE 1402A UNIVERSAL MOUNT 

UNIVERSAL MOUNTING ASSEMBLY 

RAYMOND ROSEN ENGINEERING PRODUCTS, INC. 
32nd & Walnut Streets • Philadelphia 4, Penna. 

15166 Ventura Boalevard • Sherman Oaks, California 

rorN  
POT  

... a complete kw 
ULTRA-LOW-TORQUE 

EXTREME PRECISION 

POTENTIOMETERS 
by 

ELECTRO-MEC TYPE II 
TYPE 9 

1. 

TYPE 30 

TYPE 20 

1 

ch 

• Proven by designers and manufacturers of high performance computers. 

• Available in many sizes for all applications of ultra-low-torque 
potentiometers. 

• Custom-engineered for your special needs. Never a compromise. 

• Ganged assemblies available in all sizes. 

• For detailed specifications and information on all types contact our 
engineering department (STillwell 6-3402). 

at 
os 

ELECTRO-MEC Laboratory, Inc. 
21-09 43 Avenue Long Island City 1, N. Y. 

Sales representatives needed for several territories. 

What to See at the 

Radio Engineering Show 

(Continued from page 280A) 

Potter & Brumfield, Subsidiary of Amer-
ican Machine & Foundry Co., 106, 108, 
110 Television Ave. 

Custom-made and standard relays designed to 
meet quantity production for unusual applica-
tions. Demonstration of newly developed bi-
directional stepping switch. 

POTTER 
INSTRUMENT CO., INC. 

115 Cutter Mill Road, Great Neck, L.I., 

346 Computer Avenue 

High- Speed Digital Magnetic Handler, Flying 
Typewriter, Magnetic Computer Components. 
Counter Translation Matrix and Teledeltos 
Printer, Frequency-Time Counter.. 
Data handling equipment, +/lift registers. 

BOOTH 

338 
-gem POWER 

SUPPLIES 
VOLTAGE and CURRENT STABILIZED 

!ref Be* ns 
WRIT;; o  

iV4 ATLANTIC AVE. AT 120 ST., It•CHMOND HILL, N. Y. 

Precise Development Corporation, 282, 
284 Instruments Ave. 

Be sure to see the custom switch kit; "in-
dustrial oscilloscope; pre- amplifier, RV:" color 
scope; generators; power supplies, VT VMs and 
accessories. 

RECISIO 
APPARATUS COMPANY INC. 

Glendale, L. I., N. Y. 

438 ELECTRONIC AVENUE 
High quality electrical indicating instruments; 
meters, electronic test ash measuring instru-
ments and accessories, cathode-ray oscillographs, 
vacuum tube voltmeters, cathode-ray tube testers, 
AM, Sweep, Sine-Square signal generators, volt-
ohm milliameters, etc. 

Precision Metal Products Co. of Malden, 
96 Palace 

Complete line of turret soldering lugs, insu-
lated terminals, terminal board assemblies, 
plastic fabrication, and various items of hard-
ware for the electronic industry. 

PRECISION PAPER TUBE CO. 

Chicago 47, Illinois 

791 Airborne Ave. 

The Only Complete Coil Foam Service Available. 

Square—round—special shape tubes and bobbins 
. . . kraft, fish paper, atate, combinations 
and redn impregnated. 

'Indicates new product 

(Continued on page 234A) 
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Engineer Savings in your TV Picture 
and Receiving Tubes by using 

Johnson 11 Hoffman NEW techniques 

GUN ASSEMBLY FOR ELECTRO-STATIC TYPE TV PICTURE TUBES. 

ELECTRONIC AND MECHANICAL ENGINEERING CONSULTING SERVICE AVAILABLE 

New Developmental 3/8" Diameter Parts 

for " small neck" TV picture tubes 

Low cost one piece wrap-around 

ceramic post support strops 

illustrated above are typical examples of our line of standard and special 
electronic items currently being produced for leading manufacturers. 

Illustrated are lockseam anodes which are now available 
in various lengths and are being produced on new U. S. tool 
multi slide equipment which we have acquired as a further 
expansion of our present metal fabricating facilities. These 
parts, along with other radio and electronic items such as 
plates, supports, shields, and other staked and lockseam 
products will be cataloged as they are made available to 
the indust ry. 

Your inquiries for these and any other parts components 
will receive courteous and prompt consideration. 

Johnson & Hoffman Mfg. Corp. 
1111 MUNI   
unq-p aigg , 31 East Second Street,Mineola,L.I.,N.Y. 

Telephone — Pioneer 2-3333 
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electronic engineers: 

Outlined area shows addition to Air Arm's multi- million dollar facility. 

THIS IS AIR ARM . • 

CREATE WITH US: 

lhis is Air Arm ... leader in electronic development 
for America's Air superiority. 

Air Arm ... where creative eng-neering offers 
unlimited opportunities to experienced engineers. 

Can you fill a top-level des:gn and development 
position? You will find a stimulating and satisfying 
atmosphere at Air Arm. You will work in professional 

and friendly surroundings. You will enjoy the 
spacious, well-equipped quarters that are a part 

of a modern, multi-million dollar plant. 

Although Air Arm's home was completed just a little 
over two years ago, construction is already beginning 
on an expansion of engineering facilities. 

This expansion creates a need for experienced 
electronics engineers who have a strong desire to work 
on the projects of tomorrow ... creating under conditions 
that are conducive to creativeness. 

TO APPLY—SEND LETTER OUTLINING 
YOUR QUALIFICATIONS TO 

R. M. Swisher, Jr. 
Employment Supervisor, Dept. 101 
Westinghouse Electric Corp. 
2519 Wilkens Ave., Baltimore 3, Md. 

What to See at the 

Radio Engineering Show 

(Continued from page 2824) 

Premier Instrument Corp., 374 Micro-
wave Ave. 

*Introducing new remarkably miniaturized 
waveguide section of monopulse system making 
possible greater accuracy, lighter weight, lower 
cost homing, tracking, and search radars in all 
bands. 

ALL 

FROM 
ONE 

SOURCE! 

BOOTH 

NO. 671 

CABINETS 
RACK PANELS 
RELAY RACKS 

TRANSMITTER RACKS 

MINIATURE CASES 
UTILITY CASES 

CHASSIS 

Presto Recording Corp., 660 Circuits 
Ave. 

"Low priced professional tape recorder, *High 
speed tape duplicator, *Transcription turn-
table, 'Hi Fi turntable. 

Price Electric Corp. 

793 Airborne Ave. 

Husky relays for military and com-
mercial use. Sub-miniature, multi. 
pole, time delay, rotary, coaxial, gen-
eral purpose, telephone, hermetically 
sealed and numerous other types of 
relays. 

Prodelin, Inc., 395 Microwave Ave. 
MICROWAVE ANTENNA SYSTEMS: Anten-
nas—NEW Off- Set Feed, Parabolic, Corner, 
Horn, Yogi, Colinear; Coax-cable, couplings, 
elbows, fittings, adapters, assemblies, hangers; 
Semi-Portable All Aluminum Tower; pipe, 
tower nio,ints. 

PYRAMI 
LECTRIC COMPANY 

THE BIGGEST NAME 
IN CAPACITORS 

AND RECTIFIERS 

RBM Div., 617, 619 Circuits Ave. 
See Essex Wire Corp. 

REF Manufacturing Corp., 459, 461 
Electronic Ave. 

"Recte Erit Faciendutn" (It must be made 
right)—symbolizing perfection in design, de-
velopment, fabrication and assembly. Precision 
sheet metal products, through anodizing, alo-
dizing. heat treatment and finish. A house of 
distinction, catering to the finest customers, 
members of the I.R.E. 

"Indicates new product 

(Continued on page 30441 

Ride to the parking areas FREE 

on the IRE busses. 

284A 

See us in New York March 21-24 
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LOOKING FOR A FUTURE? 

e Electronic Design and Development Engineering 

e Mechanical Engineering 
• Project Engineering 

e Test Engineering 
• Publications Engineering 

e Field Engineering 

Write for this interesting 
and informative brochure 

Administratoi of Personnel 

IAZELTINE ELECTRONICS CORPORATION 
58-25 Little Neck Parkway Little Neck, Long Island 

PROCEEDINGS OF THE I.R.E. March, 19.55 
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This spring, drop in for an 

Electronics • Avionics • Instrumentation 

ELECTRONIC ENGINEERS • PHYSICISTS • MATHEMATICIANS 

• Openings at all levels 
of experience. 

•Training in digital 
techniques provided. 

• Salaries commensurate 
with experience. 

• Interview travel at 
our expense. 

• Moving expenses paid 
for household goods. 

• Liberal employee 
benefits. 

• Digrtal Computer Development 
• Magnetic Components and Circuits 
• Fire Control Analysis 
• Systems Analysis 
• Programming Research 
• Computer Field Engineering 

The country's foremost computer develop-
ment organization has permanent positions 
open in the above fields for qualified profes-
sional personnel. Opportunities for personal 
advancement and professional growth are 
exceptional in today's most rapidly expand-
ing technological field. 

HERE IS THE KEY TO YOUR FUTURE 

...share in the satisfaction of contributing to the 
advancement of this important art. 

giller.leftim_ Herne 

eNGINEERINGeESEARCH/ISSOCIATES otvision 

1902 West M.nnehaha • St. Paul W4, Minnesota 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or ta Box No..... 

The Institute reserves the right to refuse any 
announcement without giving a reason for 

the refusal. 

PROCEEDINGS of the I.R.E. 

I East 79th St., New York 21, N.Y. 

ELECTRONIC ENGINEER OR PHYSICIST 

Rapidly growing electronic firm has immediate 
need for an Electronic Engineer or Physicist in 
its Research and Development Dept. This work 
will encompass the work of various digital com-
puter components. These components will include 
analog to digital computers and high precision 
digital to analog converter systems. M'e desire 
a person with 3 to 5 years experience in electro-
mechanical input and output 4evices for digital 
computers. He must have a general knowledge 
of computer design. Send detailed resume to 
Technical Employment Manager, 1001 El Centro, 
South Pasadena, Calif. 

INSTRUCTORS 

Teaching positions for Sept. 1, 1955 are avail-

able at a university in the south east. Instructors 
$3,500-$4,300; graduate assistants (MS in 12 
months) $ 110.00 per month, tuition free. Box 

794. 

PROFESSOR— ELECTRICAL ENGINEERING 

Professorial appointment at. Brown University 
open for Electrical Engineer with established 
ability in teaching advanced research. Will have 
responsibility for organizing and directing theo-
retical and experimental research program in his 
fields of interest. M'rite to D. C. Drucker, Chair-
man, Div. of Engineering, Brown University, 

Providence 12, R.I. 

REPRESENTATIVES 

A growing Massachusetts manufacturer has 
openings for manufacturers representative or 
sales representatives, with etles background, to 
represent electronic laboratory furniture. Must 
be qualified to present product to laboratory en-
gineers, executive and authoritative management. 
All territories open with exception of Illinois, 
Wisconsin and Massachusetts. Territory assigned; 
commission basis. Send resume to Formica Metal 
Products Co., Corporation Way, Medford 55, 
Mass. stating education, pile experience and 
present employment. All replies confidential. 

SALES ENGINEERS OR TRAINEES 

Immediate opening for 2 intelligent, personable 
and imaginative electronic, vacuum or nuclear 
instrument engineers, with rapidly growing sales 
engineering organization. Exceptional opportunity 
for advancement and good earnings for men with 
initiative. Salary plus incentive compensation. 
Systematic sales training will be provided for 
otherwise qualified applicants without prior sales 
experience. Must be resident of upstate or metro-

politan New York. Some travel required. Submit 
resume (picture if possible), start-salary re-

quirements and availability date with first letter. 

Box 795. 

286A WHEN WRITING TO ADVERTISERS PLEASE MENTION 
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ELECTRONICS 

ENGINEERS 

and PHYSICISTS 

attending the I. R. E. 
National Convention 

and Radio Engineering Show 

March 21-24 

Waldorf-Astoria Hotel 

and Kingsbridge Armory 

A number of significant new studies at Lockheed 

Missile Systems Division has created positions for those 

possessing outstanding ability in: 

antenna design systems 

engineering 

communications servomechanisms 

instrumentation 

telemetering 

electromechanical computers 

design 
radar 

nuclear physics research 

For the convenience of those attending the convention, 

Karl E. Zint, C. T. Petrie and other members of the 

technical staff will be available for consultation 

at the convention hotel. 

Under Construction: Lockheed's new missile 
systems research laboratory— especially 
designed to provide the most modern facilities 
for meeting the increasingly complex 
problems of guided missiles. Scheduled for 
occupation this fall, it is the first step in a 
$1o,000,000 research laboratory program. 

MISSILE SYSTEMS DIVISION 

research and engineering staff 

LOCKHEED AIRCRAFT CORPORATION • VAN NUYS • CALIFORNIA 
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TO THE FINE ENGINEERING MIND 

SEEKING THE CHALLENGING PROJECTS IN 

ELECTRONIC DESIGN 
ELECTRONIC DESIGN ENGINEERS looking for the advanced problems in guided 
missile systems design are offered unusual career opportunities working on 
expanded, long-range programs within the Convair Engineering Department. 
These opportunities include work of a research and development nature in the 
fields of system engineering, circuit design and analysis, mechanical design and 
electronics packaging, electronics test and evaluation, and reliability and parts 
control. Experience in the entire radio frequency spectrum is applicable. Particu-
larly applicable is experience in both electro-mechanical and all electronic servos, 
magnetic amplifiers, receivers, data transmission systems, digital techniques, sub-
miniaturization, and data accumulation systems. 

CONVAIR offers you an imaginative, explorative, energetic engineering depart-
ment ... truly the "engineer's" engineering department to challenge your mind, 
your skills, your abilities in solving the complex problems of vital, new, long-
range programs. You will find salaries, facilities, engineering policies, educational 
opportunities and personal advantages excellent. 

Generous travel allowances to engineers who are accepted. Write at once 
enclosing full resume to: 

H. T. Brooks, Engineering Pers I, Dept. 803 

CONVAIR 
A Division of General Dynamics Corporation 

3302 PACIFIC HIGHWAY SAN DIEGO, CALIFORNIA 

SMOG-FREE SAN DIEGO, lovely, sunny city on the coast of Southern California, 
offers you and your family a wonderful, new way of life ... a way of life judged by 
most as the Nation's finest for climate, natural beauty and easy ( indoor-outdoor) 
living. Housing is plentiful and reasonable. 

(Continued from page 286A) 

ELECTRICAL ENGINEERS, 

MATHEMATICIAN, PHYSICISTS 

The Moore School of Electrical Engineering 
of the University of Pennsylvania has openings 
for electrical engineers, mathematicians and 
physicists. Work is available in the fields of 
digital and analog computers, mathematical analy-
sis, circuit design, information theory, micro-
waves and systems engineering. Applicants should 
be U. S. citizens. Salary commensurate with 
education and experience. For application form 
write to Director, Moore School, University of 
Pennsylvania, 200 South 33rd St., Phila. 4, Pa. 

TECHNICAL EDITOR 

Nationally known, rapidly growing electronic 
magazine, has an opening for a young, energetic 
associate editor. Must be a graduate electronic 
engineer with 2-3 years design experience and 
have ability to write. Publication experience pre-
ferred. Submit resume with salary required. 
Box 796. 

ELECTRONIC ENGINEER 

Laboratories located in a small midwestern 
town have an opening for a man experienced in 
the field of magnetic recording. Must be capable 
of building and operating a testing laboratory 
for the development and quality control of mag-
netic tape. Box 798. 

(Continued on. page 292A) 

, eui  
Ltig 

WANTED 

Manufacturers' 

Representatives 

To sell Laboratory Type Test Equipment in the 
general areas of: 

CHICAGO 
BOSTON 
BUFFALO 
DALLAS 
SAN FRANCISCO 
ST. LOUIS 
DENVER 

Ours is a medium size organization 
with faculties and facilties for the de-
sign and production of a wide range 
of Electronic Equipment. Engaged 
largely by the military, we are cur-
rently marketing and expanding our 

commercial lines. 

Please write: 
James Smiley, Sales Mgr., 

evoic Zderaioried, enc. 
Morganyil e, New Jersey 

Telephone Matawan 1-2600 or see us at the 
I.R.E. Show, Booths 400, 401, SOO, Production Rd. 
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IBM ete FOR ENGINEERS 

THIS MONTH'S BIG CAREER OPPORTUNITIES 
DEVELOPMENT ENGINEERING'' 

Digital computer circuit design— 

electronic pulse circuits for account-

ing and data processing machines— 

arithmetic, switching and logical 

circuitry—magnetic storage— tran-

sistor circuitry—input-output device 

controls—pulse amplifiers, shapers, 

gates, etc. ALSO excellent openings in systems 

planning, functional and reliability analysis, elec-

tronic component development, packaging, diag-

nostic and application program development. 

"IBM GREAT PLACE TO WORK" 

says development engineer 

now in his 8th year 

with the company 

"Every year with IBM is 
more challenging than the 
last," says Max E. Fern-
mer, Development Engi-
neer at Poughkeepsie. "It was a tremen-
dous satisfaction in 1952 to help develop 
IBM's outstanding 701 Electronic Com-
puter. Today our projects and our work 
are even more interesting. Both my wife 
and I think IBM is a wonderful company." 

Mr. Fernmer is Technical Administrator 
of the entire Electronic Data Processing 
Machine Development Program. 

MAGNETIC CORE MEMORY 

DEVELOPED BY IBM STAFF 

This is a Microsecond 
Memory—developed and 
perfected by IBM engi-
neers—with data transmis-
sion in and out of storage 
at the rate of more than 
43,500! characters a sec-
ond. A random access unit, 
the IBM magnetic core can locate and 
move 5 characters to a programmed loca-
tion in 35 millionths of a second. 

MANUFACTURING ENGINEERING* 

Design and development of elec-

tronic test equipment for digital' 

computer production testing—cir-

cuit design—systems planning and 

analysis— test planning. A LSO ex-

cellent openings in functional and 

acceptance testing— test equipment 

installation and maintenance—automation engi-

neering—manufacturing research. 

*Required—a degree in E.E., M.E., or a Physics 

B.S. or B.A., or equivalent experience. 

Desirable—experience in any of the following 

fields: digital and analog computers, including air-

borne types, radar, TV, communications equipment, 

relay circuitry, automation, servo-mechanisms, in-

strumentation, or data handling systems. 

For information 

on these career opportunities 

WRITE, 

giving details of education and experience, to: 

William M. Hoyt 

IBM, Dept. 686(27) 

590 Madison Ave., New York 22, N.Y. 

Youi replies, of course, will be held in strictest confidence. 

INTERNATIONAL BUSINESS MACHINES CORPORATION 

For your convenience, Mr. Hoyt will be registeied at 
the Waldorf-Astoria Hotel during the IRE Convention. 

World's Leading 
Producer of 
Electronic 
Accounting 
Machines 
and Computers FOR THE HAPPIEST 

YEARS OF YOUR LIFE 
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To the Engineer who is Very Particular 

RCA expansion opens the kind of permanent 

opportunities you'll find most desirable 

A whole new program of expansion 

at RCA—in Research, Systems, Design, 

Development and Manufacturing—opens a 

broad variety of permanent positions with 

all the features that appeal to the alert, 

creative engineer. These are opportunities 

with a future... available today for the 

man who wants to move ahead profession-

ally with the world leader in electronics. 

They include work in fields of phenomenal 

growth. At the RCA engineering labora-

tories listed in the chart on the right, you'll 

find the kind of living and working condi-

tions attractive to the professional man and 

his family. 

Engineers and scientists find every 

important factor that stimulates creative 

effort ... including a quality and quantity 

of laboratory facilities unsurpassed in the 

electronics industry .... and everyday 

association with men recognized at the top 

of their profession. 

RCA's benefits add up to an impres-

sive list of "extras." Among them: tuition 
for advanced study at recognized univer-

sities ... a complete program of company-

paid insurance for you and your family . . . 

a modern retirement program . . . relocation 

assistance available. 

Your individual accomplishments 

and progress are recognized and rewarded 

through carefully planned advancement 

programs. Financially as well as profession-

ally, you move ahead at RCA! 
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about His Future II 

What can RCA offer you? Check the chart below for your career opportunity in 

AVIATION ELECTRONICS 

ELECTRON TUBES 

COMPUTERS 

MISSILE GUIDANCE 

RADIO SYSTEMS 

TYPE OF DEGREE AND YEARS OF EXPERIENCE PREFERRED 

FIELDS OF ENGINEERING ACTIVITY Electrical 
Engineers 

Mechanical 
Engineers 

Physical 
Science 

Chemistry 
Ceramics 

Glass 
Metallurr 

1-2 

Technology 

2-3 4+ 1-2 2-3 4-r- 1-2 2-3 4+ 1-2 2-3 4+ 

SYSTEMS 

(Integration of theory, equipments, and environment 
to create and optimize major electronic concepts.) 

AIRBORNE FIRE CONTROL W W 

DIGITAL DATA HANDLING DEVICES C C C 

MISSILE GUIDANCE M M M 

INERTIAL NAVIGATION M M M 

COMMUNICATIONS 
F 

C 
0 
F F 

C 
0 
F 

DESIGN • DEVELOPMENT 

L L I. I. L L I. I. L L L COLOR TV TUBES— Electron Optics— Instrumental Analysis 
—Solid States ( Phosphors, High Temperature Phenomena, 
Photo Sensitive Materials and Glass to Metal Sealing) 

RECEIVING TUBES— Circuitry— Life Test and Rating—Tube 
Testing—Thermionic Emission 

H H H H H H H H 

MICROWAVE TUBES— Tube Development and Manufacture 
(Traveling Wave— Backward Wave) 

H H H H H H H 

GAS, POWER AND PHOTO TUBES— Photo Sensitive Devices— 
Glass to Metal Sealing 

LLLLL L L L L 

AVIATION ELECTRONICS— Radar—Computers— Servo Mech- 
anisms—Shock and Vibration— Circuitry— Remote Control 
—Heat Transfer—Sub-Miniaturization—Automatic Flight 
—Design for Automation—Transistorization F 

M 
C 
F F 

M 
C 
F F 

M 
C 
F 

I 

RADAR—Circuitry—Antenna Design— Servo Systems— Gear 
Trains— Intricate Mechanisms— Fire Control F 

M 
C 
F F 

M 
C 
F F 

M 
C 
F 

COMPUTERS—Systems— Advanced Development— Circuitry 
—Assembly Design— Mechanisms— Programming 

CCCCCCCCC 
F 

M 

F F 

M 

F F 

M 

F 

COMMUNICATIONS — Microwave — Aviat ion — Specialized 
Military Systems F 

M 
C 
F F 

M 
C 
F F 

M 
C 
F 

RADIO SYSTEMS — HF-VHF— Microwave— Propagation 
Analysis— Telephone, Telegraph Terminal Equipment 

0 0 
F 

0 0 
F 

0 0 
F 

MISSILE GUIDANCE—Systems Planning and Design— Radar 
—Fire Control— Shock Problems— Servo Mechanisms F 

M 
F F 

M 
F F 

M 
F 

COMPONENTS—Transformers— Coils—TV Deflection Yokes 
(Color or Monochrome)— Resistors 

CC CC CC 

MACHINE DESIGN H H H H H H 
Mech. and Elec — Automatic or Semi-Automatic Machines 

Locution 
Code 

C —Camden, N. 1.— in Greater Philade:phia near many suburban L. —Lancaster, Pa.—about an hour's drive we t of Philadelphia. 

M —Moorestown, N. 11.—quiet, attractive community close to Phila. 

0—Overseas-- domestic and overseas locations. 

H—Harrison, N. 1.—just 18 minutes from downtown New York. W —Waltham, Mass.—near the cultural center of Boston. 

communities. 

F —Florida—on east central coast. 

Please send resume of education and experience, with location preferred, to: 
Mr. John R. Weld, Employment Manager 
Dept. C- 1C Radio Corporation of America 
30 Rockefeller Plaza 
New York 20, N. Y. 

RADIO CORPORATION OF AMERICA 
Copyright 1955 Radio Corporation of America 
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Here is an excellent opportunity 
to work in the intriguing and con-
tinually expanding field of micro-
waves. Your work will be stimulating 
and your advancement gratifying 
when you participate in the tasks of 
a professional, competent staff of fel-
low engineers. 

Your place in a field with a 
future can be secured by joining one 
of America's leading designers and 
producers of microwave equipment 
and radar components. Assure your-
self of a career position in a company 
with a future. Investigate these 
advantages nowl 

1. Profit sharing incentive bonus plan. 

2. Thrift savings pension plan. 

3. Subsidized tuition for advanced study. 

4. Ideal suburban location in Metropolitan New York area. 

5. Excellent schools and recreational facilities. 

6. All the other usual benefits .. . paid holidays, vacations, 
credit union, etc. 

I Bet/wading 
ewer di eafWeeit. Inc 

,ergelegre 

If you have an EE or ME degree and/or related experience 

in electronics or microwaves you will be interested in the 
opportunities for junior and senior engineers now open at 
Airtron, Inc. 

Write or call Mr. Arthur Eckerson, Industrial Relations 
Department, Linden 3-3762. 

d  d etteerm 1107 West Elizabeth Avenue 
Linden, New Jersey INC. 

r-

 f 
ELECTRONIC 

ENGINEERS for 
RESEARCH 

PRODUCT DEVELOPMENT 

PRODUCTION 

SUB-SYSTEM DEVELOPMENT 

YOUR OPPORTUNITY 

To work in a modern electronics laboratory on 
the San Francisco peninsula 

To work with a highly qualified staff on 
creative assignments 

To continue your professional advancement 
through a Company sponsored program at 
Stanford University 

To participate in Company ownership through 
an employee stock purchase plan 

To share in an excellent personal 
benefits program 

VARIAN associates 
PALO ALTO 2, CALIFORNIA 

Please send resume to Personnel Dept. 

112,l,eie" 
(Continued from page 2884) 

SALES ENGINEER 

To sell advertising space of ELECTRONIC 
DESIGN to industrial management. This is an 
exceptional opportunity for a career in industrial 
marketing and publishing. Young man between 
25 and 32, should have technical background, 
proven sales record and management potential. 
New England, New York City territory, salary 
plus expenses and commissions. Send detailed 

resume to Hayden Publishing Company, Inc., 19 
East 62 St., New York 21, N.Y. 

ELECTRONIC ENGINEER 

Edgerton, Germeshausen & Grier, Inc., 160 
Brookline Ave., Boston, Mass, has a position 
open for an electronic engineer experienced in 
the development of instrumentation including 
oscilloscopic pulse techniques and allied circuitry. 
Send resume or call Personnel Dept. at COpley 
7-3520. 

ELECTRONICS ENGINEER 

Electronics manufacturer on San Francisco 
peninsula has openings for engineers qualified 
to handle design and development of specialized 
electronic circuits involving amplifiers, telemeter-
ing and related systems. Must have BSEE and 
at least 2 years experience in related fields. Salary 
commensurate with experience. Please send 
resume to DaImo Victor Co., 1414 El Camino Real, 
San Carlos, Calif. 

COMPONENTS APPLICATION ENGINEER 

Wanted for an intriguing job. Essentials: 
knowledge of military electronics; an interest in 
a skill at writing technical information; free-
dom to travel; ability to communicate with other 
engineers; organizing power and punch. Oppor-
tunity: this job will make your reputation in an 
important phase of electronics. Location: New 
York City. Box 804. 

ELECTRONICS ENGINEERS 

The Civil Aeronautics Administration urgently 
needs electronics engineers who have had or who 
wish experience and training in electronics re-
search and development. Salaries range from 
$3410 to $5940 per annum. Write or send appli-
cation or Standard Form 57, which can be ob-
tained at Post Office, to Personnel Officer, Civil 
Aeronautics Admn., Technical Development & 
Evaluation Center, P. 0. Box 5767, Indian-
apolis, Ind. 

ENGINEERS 

Engineers with EE and MEE degrees for 
radar systems development, radio beacons, UHF 
transmitter design, programs embodying latest 
concepts in radar field. Opportunities for grad-
uate studies sponsored by company. Sperry Gyro-
scope Co. ( Div. of the Sperry Corp.) Great Neck, 
Long Island, N.Y. 

ENGINEERS IN ELECTRO-ACOUSTICS 

ELECTRO-VOICE, INC. has positions open 
for engineers with degrees in electrical engineer-
ing or physics. Positions are open for experienced 
men in speaker, microphone or phonograph pickup 
design and development and for recent graduates. 
Excellent future for the exceptional man. Write 
to Vice President, Engineering, Electro-Voice, 
Inc., Buchanan, Michigan. 

(Continued on page 296A) 
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MECHANICAL ENGINEERS • ELECTRONIC ENGINEERS • PHYSICISTS • CHEMISTS* • METALLURGISTS* • MATHEMATICIANS 

A JOB FOR YOU 

WITHIN THIS EXPANDING FRAMEWORK 

000 emplo ronic 
12 plants, 11,yees— 

devoted ehx clusively to elect researc, developmert and manufacture le% 

el'eme I 

tor the military, public safety, ndustry. civil defense ond general i CtitCAGo 

Your preferred assignment 

in your preferred location A place in 
Military 
Electronics 
for YOU . . 

navigational devices 
radar 
countermeasures 
analog computers 
communication equipment 

carrier transmitters 
VHF receivers 
UHF multiplexing 
microwave systems 

data transmission 
data processing and presentation 
indicators 
plotting systems 
telemetering 
remote control 
servomechanisms 
transistor circuitry 
operations research 
dynamic systems analysis 
subminiaturization 
solid state physics* 
semi conductor research* 
transistor development* 

*Phoenix only 

- 

elvEqSIDE 

p HOE 1'41X 

PHOENIX, AR ZONA Motorola Research Laboratories. A staff of 800 enthusiastic scientists 
and engineers working in a resort climate. Special opportunities for experienced men 
in transistor research. (Chemists, Physicists, Metallurgists) 

RIVERSIDE, CALIFORNIA Motorola Research Laboratories. Missile systems, guidance 
and control. Dynamic systems analysis. All electronic military weapons systems. 
New modern laboratory building surrounded by orange trees. 

CHICAGO, ILLINOIS Motorola Headquarters. Three laboratories. Grow with Chicago, 
the communications and transportation center of the country. 

Here is your opportunity to become associated with one of America's 

fastest growing, dynamic organizations . . . where you can set your 

own challenging course of growth with security, within a broad 
framework of military and allied industrial projects. 

Note the great diversity of Motorola activities. Write us today. 

Select your preferred area of interest and location. State the 

important facts of your education, training and professional career. 
Minimum of 4 years experience required. 

Write, Attention: Daniel E. Noble 
Vice-President in charge 

1/lotorola COMMUNICATIONS & ELECTRONICS DIVISION 
PROCEEDINGS OF THE I.R.E. March, 1955 

4501 Augusta Blvd., Dept. I.R. • Chicago, III. 
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ENGINEERS 

Engineering Laboratory 

BOSTON 

Engineering 

BUFFALO 

Majors in E.E., ME., or Physics, 
with 5 or more years experience in 

Product Design and Advanced De-

velopment in: 

Mechanical Design 

Shock d Vibration 

Subminiaturization 

Microwave Applications 

Pulse Techniques 

Servo Mechanisms 

F.M. Techniques 

Equipment Specifications 

Circuit Design 

Heat Transfer 

Systems Development 

Components 

Mechanization 

Please forward complete resume to 

Randall A. Kenyon 

Professional Placement Supervisor 

Sylvania Electric Products Inc. 

175 Great Arrow Avenue 

Buffalo 7, N. Y. 

Success 

Comes Early 

to Men 

of Talent 

AT SYLVAN IA 

Electronics Division 

BOSTON 

Opportunities in: 

Development 
Production 
Sales Engineering 

in the fields of: 
Semi-Conductor Devices: 
Transistors • Microwave Diodes 
Germanium Diodes 

Microwave Tubes: 
Magnetrons • Thyratrons 

T.R. and A.T.R. Tubes 

College graduates, preferably with 
a degree in Electrical Engineering, 
Physics, Chemistry or Metallurgy 
with 1 to 5 years experience are 
invited to apply. 

Positions located in suburban Boston 

plants—Woburn, Newton, Ipswich. A 
few in Seneca Falls, near Syracuse, N.Y. 

Please forward complete resume to. 

Miles Weaver 

Professional Placement Supervisor 
Sylvania Electric Products Inc. 

Electronics Division 
Woburn, Massachusetts 

Majors in E.E., ME., Math, or Physics 

with 5 lr more years Research lnd 

Development experience ir,, 

Counterrneasu•es 

Systems Analysis 

Transistor Applications 

Noise Studies 

Antenna Res. t Dey. 

Systems Developmem 

Mechanical Design 

Miniaturizaticn 

Digital Computer 
circuits d. systems 

Circuit Design 

Shock d Vibration 

Technical Wri'ing 

Missile Analysis 

Please forward complete resume to: 

Thomas A. Tierney 

Professional Placement Supe,visor 

Sylvan', Electric Products In:. 

70 Forseth Street 

Boston, Massachusett; 

INTERVIEWS AT IRE CONVENTION 

• For more information and interviews with responsible en gi-
• 
▪ neering personnel, be sure to visit Sylvania's IRE Convention 

e Headquarters, Hotel Biltmore, Madison Ave. at 43rd St., N. Y. C. 
• 

WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE 1.12.1:. arch, 1955 
294. 



For STABILITY, DIVERSITY and GROWTH, few can match 

the record of Sylvania. Today, this dynamic, forward-looking company 

is reaching out in more new directions, with an ever-heavier emphasis 

on research and development of new products. 

And please note that Sylvania: 

• WILL PAY RELOCATION AND INTERVIEW EXPENSES 

e Provides financial support for advanced educational studies 

• Has highly-rated pension, medical and insurance benefit programs 

• Fills positions on the open market only after its " Promotion-from-Within" 
program has screened all company candidates 

Missile Systems Laboratory 

NEW YORK CITY 
& BOSTON 

Engineers and Physicists with a 

minimum of 3 years experience in 

one of the following fields: 

Analysis & Design of 
Search Radar Systems 

Antenna Theory D. Design 

Analysis of Missile 
Guidance Systems 

Mathernaticcl Analysis d 
System Design of Fire 
Control & Computer 
Equipment 

Inertial Guicance or Infra- Red 
for Detection & Tracking 

Servo System Design 
d Analysi, 

Aerodynamics 

Propulsion 

Aircraft or Missile Structures 

Please forward complete resume to-

Clyde Casanave 

Professional Placement Supervisor 

Sylvania Electric Products Inc. 

20-21 Francis Lewis Boulevard 

Whitestone, Long Isl4nd, N. Y. 

Radio it Television Division 

BUFFALO & 
BATAVIA 

Experienced 

MECHANICAL 
and 

ELECTRICAL 

Engineers 

Work on advanced TV receiver de-

sign for Black & White and Color 
Television. 

Also 

SUPERVISORY ENGINEERS 

Several unusual openings for men 
experienced in working with and 
supervising groups of engineers. 

Please forward complete resume to 

John Weld 

Professional Placement Supervisor 

Sylvania Electric Products Inc. 

254 Rano Street 

Buffalo 7, N. Y. 

Electronic Defense Laboratory 

MOUNTAIN VIEW, 
CALIFORNIA 

(Close to San Francisco) 

Written Inquiries Will D. Answered Within Two week, 

SYLVANIA 
ELECTRIC PRODUCTS INC. 

LIGHTING • RADIO • ELECTRONICS • TELEVISION • ATOMIC ENERGY 

Senior Engineers and Engineering 

Specialists are needed in the fol-

lowing fields: 

Systems Analysis 

Systems Development 

Microwave Circuit 

Development 

Transmitter Development 

Receiver Development 

Field Engineering 

Equipment Engineering 

Picas. forward complete resume to: 

John C. Richards 

Professional Placement Supervisor 

Electronic Defense Laboratory 

Sylvania Electric Products Inc. 

Mountain View, California 
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ENGINEERS, EE 
You'll Find These 

Advantages at Kollsman: 

1. An organization small enough 
to provide diversity It recogni-
tion of achievement, large 
enough for stability and con-
tinuing growth. 

2. Intricate design and develop-
ment work on America's finest 
aircraft instruments, with the 
best facilities available in a 
modern plant. 

3. Convenient location in a quiet 
residential section only 20 
minutes from Times Square by 
IND subway to Elmhurst Ave. 
local station-2 short blocks to 
plant. 

n7.:S•fflS,Sek>»: 

A Few Positions Available 
for Work Associated with 
Airborne Navigational Sys. 
tems 

1. Systems Work 

2. Field Service 

3. Handbook Preparation 

4. Preparation of Test Pro-

cedures and Specifications 

Some previous experience with 
electronic and electro-mechani-
cal computers and instruments 
desirable. 

For appointment, send resume 
to the Employment Manager. 
Or if in the New York metro-
politan area, phone NEwtown 
9-2900. 

KOLLSMAN Instrument Corp. 
80-08 45th Ave., Elmhurst, LI., New York 

ENGINEERS 
Electronic: 

Mechanical: 

Minimum of five years experience 

in circuit design with primary em-
phasis on pulse circuitry and high 

frequency RF technique. 

Minimum of five years experience 
in packaging electronic equipment 
as well as in mechanical design of 

small electro-mechanical devices. 

This company, engaged in the field of telemetering, develop-

ing and producing transmitters, receivers, data treating equip-

ment and special electronic and electro-mechanical devices, 

offers permanent positions with liberal benefits including paid 
vacations, sick leave, bonus, insurance plan, etc. 

• Please Send Complete Resumes to: 

WE PROVIDE ATHE LEVER • YOU MOVE THE WORLD 
APPLIED SCIENCE CORP. OF PRINCETON 
Post Office Box 44, Princeton, N.J. Plainsboro 3-4141 

PoNitions open 

(Continued from page 292A) 

ENGINEER, CHEMIST OR PHYSICIST 

Opening for research and product development 
in the field of semi-conductors and semi-con-
ductor devices. Prefer direct experience with 
growth of silicon crystals and use for transistors. 
Also opening for research and product develop-
ment of thermistors. Direct experience required. 
With a midwest manufacturer of electrical com-
ponents. Capable of taking complete responsi-

bility. Excellent working conditions in new lab-
oratory. Reply in detail giving experience, train-
ing and salary desired. Box 801. 

RADIO ENGINEERS 

Consulting engineering firm requires senior 
and junior radio engineers for permanent staff 
positions. Experience in design and development 
of military radio and radar systems required. 
Work is of unusual interest and offers sound 
opportunities for advancement. Location, mid-
west. Salary open. Send summary of qualifi-
tions and background to Box 802. 

RADIO ENGINEER 

As technical consultant to large national trade 
association in two-way mobile and microwave 
radio fields. Also act as contact man with FCC 
and other associations on technical matters and 
frequency allocations. Location Washington, 
D.C. Send complete details on first application. 
Salary $600. per month. Reply Box 803. 

TELEVISION ENGINEERS 

Television Engineers for civilian production of 
both new color and conventional black and white 
sets. Development and manufacturing engineers 
are needed. Employers pay our fee and inter-
viewing and relocation expenses. Write Guilford 
Personnel, 308 American Bldg., Baltimore 2, Md. 

PROFESSORS 

The USAF Institute of Technology has sev-
eral vacancies for qualified professors or engi-
neers to teach on a graduate and undergraduate 
level in electrical engineering. Employment will 
be effected in accordance with Civil Service regu-
lations. Grade levels range from GS-9, $5,060 
per annum to GS-13, $8,360 per annum. Appli-
cations should be made by letter to the Dean, 
Resident College, USAF Institute of Technology, 
Wright-Patterson Air Force Base, Dayton, Ohio. 

TECHNICIAN 

Positions open. Community antenna system in 
growing community located in desirable valley 
southwest Oregon, needs technician capable ad-
justing RCA and Jerrold amplifier equipment. An 
excellent opportunity for the right man in an 
area with good schools, moderate climate, out-
standing recreational inducements. Reply Ump-
qua TV, Inc. 1500 Harvard Ave., Roseburg, 
Oregon, giving qualifications, experience, etc. 

SOLID STATE METALLURGIST 

Experience in semiconductors preferred; Ph.D. 
level or equivalent. Salary will reflect applicant's 
ability, education and experience, and will satisfy 
the professional man. All replies confidential. 
Reply: P.O. Box 407, Waltham 54, Mass. 

METALLURGIST—MATERIAL MAN 

Experience in germanium essential, silicon ex-
perience in addition preferred. Good salary for 
competent man. All replies confidential. Reply: 
P.O. Box 407, Waltham 54, Mass. 
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L. 
Bendix Radio has new, 

exceptional opportunities for advancement 

while working On: 

RADAR 

MISSILE GUIDANCE 

AIRBORNE COMMUNICATION 

MOBILE COMMUNICATIONS 

AUTO ReD10 
1 \\I 1‘1. > f0Yel‘\:\. 

S 

••• ..... 

Expand the horizon of your future with Bendix Radio—a leader & pioneer in the elec-

tronics field, one that has the knowledge, strength and resourees to stay out front during 

the competitive days ahead! Your part is EASY! Wire, phone, write . . . or send us a 

post card. Simply state your name, address and phone numbèr, your education and 

experence. We'll carry the ball from there! All replies held in stikctest confidence, and 

we guarantee speedy act, or !, 

Address: Mr. L. H. N 
Dept. M 
Bendix Radio 
Baltimore 4, Md. 
Phone: VAlley 3-2200 

reWentief> 

DIVISION OF 
BENDIX AVIATION 
CORPORATION 

Baltimore 4, Maryland 

•••••• 
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ELECTRONICS! 
CAREER 

OPPORTUNITIES WITH 

Westinghouse 
SENIOR AND INTERMEDIATE ENGINEERS 

AND PHYSICISTS FOR ADVANCED 

PROJECTS 

OPPORTUNITY for long range development project in color tele-
vision and transistor application. Design and development experience 
in electronics, or advanced degree, desirable. 

ADVANCEMENT and recognition under supervision of outstanding 
electronic leaders. 

BENEFITS include excellent salaries, modern research facilities and 
equipment, retirement plan, convenient city- country living. 

PHONE COLLECT or write: 

Mr. Gordon Ley, Manager 

Advanced Development Engineering 

Phone: Metuchen, N.J., 6-5000 

WESTINGHOUSE ELECTRIC CORPORATION 

Television-Radio Division, Metuchen, N.J. 

MECHANICAL ENGINEERS 
ELECTRICAL ENGINEERS 

PHYSICISTS 

A continuing and expanding activity in development for markets in aviation 

communication and navigation, point to point communication services, 

servomechanisms, flight control, guided missiles, radio astronomy, propaga-

tion studies, radio control equipment, and radar devices requires the services 

of additional engineers in the Collins Radio Company, Research and De-

velopment organization. Engineers with three or more years of experience 

in these or the general electronic fields are especially desired. Employment 

offers will be for location at Collins' new laboratories in Cedar Rapids, Iowa. 

Complete information regarding these positions and the company may be 

secured by arranging an interview in New York City during the week of the 

IRE Show, March 21-25, with L. R. Nuss, Collins representative. Phone 

Mr. Nuss in New York at Eldorado 5-3000 for appointment on or after 

March 21. If unable to interview, write to L. R. Nuss, 

COLLINS RADIO COMPANY 

CEDAR RAPIDS, IOWA 

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. 

BIOPHYSICIST 

BSEE, MS Physiology, receiving Ph.D. Bio-
physic], industrial and academic instrumentation 
experience. Wishes position milizing background. 
Box 784 W. 

FIELD— SALES ENGINEER 

Experienced in electronic fielil engineering with 
a diversified background in servomechanisms, 
analog computers, radio aids to navigation, and 
simulators. Attended U.S. Navnl Academy 
and George Washington University. Desires 

sonar, as well as flight field or sales engineering 
position. Box 795 W. 

ENGINEER 

Industrial Relations officer, largest Naval Air 
Stations ( Employment, employee relations, train-
ing and safety). Electronics background ( short 
Navy radar course, M.I.T.). Commander, 
l'SNR, 15 years active duty. Age 52 A.B. ( per-
sonnel and engineering) . . . Desires placement. 
Box 796 W. 

ENGINEER 

Audio, electronic development and testing; 
broadcast. Experience includes 2 years RCA In-
stitutes, 3 years Army communications-intelli-
gence. 1st class radio operator license. Some 
radio and electronic repair. Member IRE, IRE 

Audio Group, AES. Age 22. single. Will consider 
classified work. Prefer commuting distance New 
York-Long Island area. Box 797 W. 

PATENT ENGINEER 

BEE, MSEE, LLB February 1955. Senior En-
gineer, 5 years tube and transistor circuit re-
search, design, development experience. Desires 
electronics patent work. Box 798 W. 

DEVELOPMENT ENGINEER 

Bs, M.I.T. 1950. Development experience in 
Airborne radar and microwave multiplex commu-
nications equipment. Capable of mature thinking 
and group leadership. Have done original work 
on several projects, several invention credits. De-
sires a challenging position with an aggressive 
company in New York. New Jersey or Boston 
area. Other location will be considered. Box 
799 W. 

(Continued on rage 3004) 
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Boeing offers a real creative challenge to electrical engineers 

This Boeing electrical engineer is deter-
mining antenna properties that will in-
fluence the design of supersonic airplanes 
which still are in their preliminary study 
stage. His job— to help develop equip-
ment for tasks never done before, at 
altitudes and speeds never reached before 
— is typical of the creative challenge to 
electrical engineers at Boeing. 

Electronic and electrical equipment 
are vital to high-performance Boeing jet 
aircraft. And the importance of the elec-
trical engineer's art is growing steadily 
in guided missile control, structural and 
flight test instrumentation, acoustics, eval-
uation of electronic systems, and other 
fields. If you want a chance to grow, 
there's a place for you on a Boeing re-
search, design or production team. 

Recent Boeing developments like the 
B-47 and B-52 jet bombers, the F-99 
guided missile, and America's first jet 
tanker-transport are evidences of solid 
growth and engineering skill. New proj-
ects are already under way in widely 
diversified engineering fields: rocket, 
ram jet and nuclear propulsion, super-
sonic flight, guided missiles, research in 
new materials, and much more. 

Boeing now employs nearly twice as 
many engineers as at the peak of World 
War II. And more engineers are needed. 
As a Boeing engineer, you will work with 
the most advanced equipment, like elec-
tronic computers, the world's most versa-
tile privately owned wind tunnel, superb 
laboratories, and the huge new Flight 
Test Center. 

You can be sure of individual recog-
nition at Boeing as a member of a tightly 
knit "team." Promotions come from 
within the organization, after regular 
merit reviews. You will be encouraged 
to take graduate studies while working, 
and will be reimbursed for all tuition 
expenses. 

• JOHN C. SAhDERS, Staff Engineer— Personnel 

• • Boeing Airplane Co., Dept. 16-G, Seattle 14, Wash. 
• Please send further information for my analysis. 

• I am interested in the advantages of a career 

with Boeing. 

•• Name 

• University or 
• college(s) Year(s)   Degree(s)   

• Address 

• City  Zone State  

17174E/AW 
Aricrlion leadership since 1916 

SEATTLE, WASHINGTON WICHITA, KANSAS 
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Admired 

ENGINEERING 
STAFF 

D iversification at ADMIRAL is making itself felt 

in more and better engineering careers. 

Real ability and originality can find new chal-

lenge and opportunity with a leader in electronic 

development and manufacturing. 

Positions available for engineers with the fol-

lowing backgrounds: 

* MICROWAVE ENGINEERS 
Experienced in UHF and SHF circuitry and components, with under-

standing of wave guides, cavities, and duplexers. 

* ELECTRONIC ENGINEERS 
Junior and Senior engineers for television receiver circuit design. 

Experienced men also needed for V.H.F. and U.H.F. tuner work. 

* RADIO ENGINEERS 
Duties involve designing household and portable radio receivers. FM 

and AM experience preferred. 

* MECHANICAL ENGINEERS 
Electro-Mechanical designers. Assignments involve the design and 

layout of small mechanical devices at the development level. 

* COMMUNICATIONS ENGINEERS (MILITARY) 
Applied development and design of radar and other specialized 

military systems. 

* AUTOMATION ENGINEERS 
A special opportunity exists in the field of applying automation and 

printed circuit techniques in the above categories. Your imagination 

and engineering talents can be used in furthering this development. 

Good starting salaries and working conditions with complete program 
of employee benefits. Opportunity for professional development with 
excellent facilities in Chicago area to carry on University graduate work 
while working full time. 

• Send complete resume to Mr. Walter Wecker, Personnel Department, 
to get more information on these opportunities. 

Admiral Corporation 3800 W. Cortland St. 

Chicago 47, Illinois 

By Armed Forces Veterans 

(Continued front page 298.4) 

EXPORT ENGINEER 

BS degree in RE and EE. Large experience in 
radio communications, technical writer, sales pro-

motion in U. S. and foreign countries. Excellent 
connections with TV and electrical distributors 
in all export markets. Wel: known as Consulting 
Engineer in radio and TV transmitter field, U. S. 

and abroad. Fluent knowledge of French, Spanish 
and Italian. Efficient correspondent. Able to 
travel and appoint dealets. Married, children. 
Box 800 W. 

PROJECT ENGINEER—SALES 

BEE, MEE, Tau Beta Pi, Eta Kappa Nu. Age 

38, 3 children. 8 years broad technical back-
ground in electronics, computers. Supervised and 

directed large engineering group. Desires Project 
and/or Sales engineering position in New York 
area. Box 801 W. 

MANUFACTURER'S REPRESENTATIVE 

Wanted: High quality, low cost aeronautical 
products with a primary market in private avia-
tion. WW II and Korean Emergency USNR 
veteran desires to act as manufacturer's repre-

sentative. Address: Aeroconorny Agency, P. 0. 
Box 1001, Schenectady, N.Y. 

AUTOMATION ENGINEER 

Experienced computer engineer desires affilia-
tion at management level w,th firms concerned 

with automatic data, handling and automation. 
Consulting, developing, etc. Further information 
supplied on request. Box 806 W. 

SALES ENGINEER 

Five years experience in electronic sales, test 
engineering, quality control, Government inspec-
tion and procurement. Will receive BEE in June. 
Age 31. Desires sales, administrative or advertis-
ing position with electronic manufacturer. Pre-
fer New York metropolitan area. Box 807 W. 

ELECTRONIC ENGINEER— 

ADMINISTRATIVE 

BSEE 1945, MS Eng. ADM, 1954, BSIE 
(lacks 12 hours). Age 32, married. Lt. USNR. 
1 year Navy ETM, I year as. electronic laboratory 
assistant. 15 years amateur radio. Last 8 years in 
nucleonic industry. 1 year electronic engineer, 1 
year production manager, 24 years factory man-
ager, VA years controller. Desires position which 
utilizes this background. Box 808 W. 

PATENT ENGINEER 

BEE N.Y.U. 1949. In second year Law School. 
2 years radio transmitter, and 21A years com-
ponents and color TV design and development 
experience. 1st Lt. U. S. Signal Corps, Korean 
veteran. Age 25, married. Prefer position doing 
patent work in New York City area. Will con-
sider out of town. Box 809 W. 

BROADCAST ENGINEER 

RCA graduate (with honors) desires position 

as broadcast engineer, anywhere. No experience, 
but capable, salary secondary. With a little help 
I can become a valuable engineer, just try me. 
Box 810 W. 
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AMONG THE THINGS THAT INTEREST R-W PEOPLES 

Would modern electronic equi 
mprove a company's operations... 

decrease its costs? 
If so—wherP 

In production control? Payroll accounting? 
Customer billing? 

Factory automation?, 

What make of equipment is 
What changes in company methods and 

procedures would be required? 

ent really 

To assist managements in answering such 
questions, The Ramo-Wooldridge Corporation 
through its Computer Systems Division, offers 

to business and industry the consulting services 
of a team of scientists, engineers and business 
methods and procedure analysts experienced 
in the application of modern analytical and 
machine methods. With no equipment of their 
own to sell to non-military customers, but with 
understanding of available machines and 
techniques, this group is in a position to be 
objective in its recommendations. 

Positions are available at The Ramo-Wooldridge Corporation for scientists 

and engineers in these fields of current activity: 

Guided Missile Research and Development 
Radar and Control Systems Development 

Communication Systems Development 
Digital Computer Research and Development 

Business Data Systems Development 

Representatives will be available for information or personal interviews 

at the I. R. E. National Convention in New York City, March 21-24 

The Ramo-Wooldridge Corporation 
DEPT. P- 7, 8820 BELLANCA AVENUE, LOS ANGELES 45, CALIFORNIA 
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COMMUNICATIONS 
and 

ELECTRONICS 

are but two of the many scientific disciplines 

in which the Operations Research Office of The 

Johns Hopkins University offers most unusual 

and challenging opportunities to the experi-

enced researcher. Salaries are commensurate 

with experience. Inquiries are invited. Address: 

W. P. Champlain, Research Personnel Officer 

Operations Research Office, 7100 Connecticut Ave. 

Chevy Chase 15, Maryland 

EXPERIENCED TRANSFORMER DESIGNER 

required for key position in an expanding company. Should be thoroughly 
familiar with designing for low-cost mass production all types of com-

munication transformers. 

We offer a good salary, excellent fringe benefits and fine facilities for 

doing your job. You have the unusual chance to live in the country but 

close to Rochester, New York. 

Write lo Engineering Personnel 

I'alealonia Electronics L Transformer Corp. 
Caledonia, New York 

TECHNICAL EDITOR 
immediate opening for man with B.S.E.E. or equivalent to become editor 

of The Lenkurt Demodulator, monthly publication for telephone and 

communications engineers. Should have some writing experience, but 

previous editorial background is not required. Salary $5,700 a year 

with good advancement opportunity. Company is largest independent 

producer of commercial telephone carrier and microwave. Call or write 

Employment Manager, Lenkurt Electric Co., San Carlos, California. 

ItIlisiti lills 1 a ill lid 

By Armed Forces Veterans 
(Continued from page 3004) 

ENGINEER 

MSF:E 1952, 13 years experience with fire 
control equipment; 2V2 years directing broad re-
search, development, and testing program for 
radars, missiles, and electroonecbanical and elec-
tronic computers. Age 34, married. Despite man• 
agerial or organizational engineering work in 

New York or Los Angeles area. Box 819 W. 

ADMINISTRATIVE ENGINEER 

BSEE, LLB, Senior Member IRE, under 40. 
6 years Signal Corps technical-administrative, 

9 years research and manufacturing, extensive 
patent knowledge. Experienced in organizing and 

supervising group, personnel training, technical 
specification drafting, liaison. Desires supervi-

sory position with coming research or manufac-
turing concern. Box 820 W. 

ELECTRONIC ENGINEER 

Capable engineer, age 29, with 5 years profes-
sional experience desires responsible position in 

electronic circuit design and development work. 
Experience includes BSEE 1949, project supervi-
sion for 3 years, instrumentation, airborne sys-
tems, sonar, and fundamental research. Location 
in south or southwest preferred. Box 821 W. 

ELECTRONIC ENGINEER 

Striving, conscientious engineer for automation 
or missile development. BSEE 1951 III. Insti-
tute of Technology. 3 years experience in phono 

amplifiers, tape recording, multiplex communica-
tion in microwave. Box S22 W. 

FIELD OR SALES ENGINEER 
Experienced in electronics field engineering 

with diversified background in guided missile sys-
tems, test equipment and prototype electronics 

work. Retired Army Warrant Officer. Desires 
field or sales engineering position in Florida area. 

Box 823 W. 

ENGINEER 

2 years toward BEE degree. Age 27, married, 
3 children. 1J years Navy ETM 2c1., WW 
3 years field experience in radar and communi-
cation equipment. Presently engaged in flight sim-
ulator field. Desires any work permitting comple-
tion of studies toward degree. Box 824 W. 

SALES--ADMINISTRATIVE ENGINEER 

BSEE 1948. 7 years mperience administrative 
engineering and military electronics equipment 
design in U.S. and abroad; present advancement 
too slow; age 34, married. 2 children; Tau Beta 
Pi; desires sales or administrative engineering 
electronics or allied field Southern California or 
Mediterrean area; present salary $7700. Box 

825 W. 

PATENT ENGINEER 

Professor engineering, Senior Member IRE; 
Registered to practice before U. S. Patent Office; 
Available on part time basis because of change 
in employer's operations. Full time offer con-

sidered. Box 826 W. 

ELECTRICAL ENGINEER 
BSEE 1950. Experien,:e in petroleum geo-

physics, broadcast, communications radio, mili-
tary electronics. Interested in electronic design, 
development, test or field engineering. Location 
preference southwestern or southern area. Will 
carefully consider any affer. Box 827 W. 
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Hughes, pioneer developer of 

airborne digital computers, and 

leader in radar fire control, 

now enters the field 

of ground radar and data 

processing systems. 

I the 

HUGHES EXHI BITS 

Booths 753. 755 •  757 

I. R. E. 

NATIONAL CONVENTION 

;Ind 

RADIO ENGINEERING SHOW 

New York City, March 21, 22, 23, 24 
Headquarters, Waldorf—Astoria Hotel 

Exhibits, Kingsbridge Armory 

SCANNING 
A NEW 

HORIZON' 

Important new programs are 
under way in the Radar Re-
search and Development Divi-
sion for the development of 
ground radar and data process-
ing networks. In these projects, 
Hughes engineers are drawing 
on their extensive experience in 
the successful development of 
radar fire control systems and 
airborne computers. 
The data gathering for these 

ground networks will be per-
formed by very high power radar 
using advanced high-speed scan-
ning techniques developed by 
Hughes under sponsorship of the 
U. S. Navy. The processing, 
transmission, and correlation of 
the great mass of data involved 
will be handled by large-scale 
digital systems. This equipment 
must be designed to meet strin-
gent tactical requirements for re-
liability and maintainability. 

. . . • 

Here are:soiffe of the types of work included: 

• 
. . • 

Shown here is 
a new magnetic 
drum memory for 
the Hughes 

airborne digital 
computer. Many 
of the techniques 
it employs will be 
used in the 
ground radar 

data processing 
systems. 

Scientific 

and 
Engineering 

Staff 

TRANSISTOR CIRCUITS 

DIGITAL CIRCUITS 

MAGNETIC DRUM AND 
CORE MEMORIES 

LOGICAL DESIGN 

PROGRAMMING 

ADVANCED RADAR TECHNIQUES 

Engineers 

and Physicists 

Application of the techniques, 
special knowledges and individ-
ual talents indicated here is 
creating positions at all levels in 
the Ground Systems Department. 
Engineers and physicists with 
experience in the fields listed, or 
those with exceptional ability in 
these directions, are invited to 
consider joining our Staff. 

HUGHES 
RESEARCH 

AND DEVELOPMENT 

LABORATORIES 

Culver City, Los Angeles County, 

Caleornia 
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What to See at the 

Radio Engineering Show 

(Continued from page 284A) 

In the field of Electronics 

. . the Glenn L. Martin Company is further 

expanding its operation. This expansion is creating 

new and more varied job opportunities. 

Opportunities for engineers exist to carry on 

long-range programs. 

You will fill a highly responsible position 

working on projects involving missiles, ground 

based electronics equipment and aircraft. 

Typical of the positions to be filled are: 

V•1•IMMO,/ 

Systems Analyst 

Supervisor—Servo Design 

Digital Computer Specialist 

Circuit Theory Specialist 

Antenna and Microwave Specialist 

Staff Advisor—Component Design 

Project Director 
(To direct and coordinate major electronic projects) 

You will be working with the finest creative 

engineering resources and production facilities. 

You will have unlimited opportunity in this 

expanding organization. Your ability is the 

decisive factor. 

Mica oqr.-Irg 1%, 
BALTIMORE • MARYLAND 

Mr. Charles Heintz, Martin represent-
ative, welcomes IRE members to the 
annual conference at the Hotel Waldorf. 

• INTERCONNECTING POWER SUPPLIES 

• NOISE MEASURING EQUIPMENT 

• SUBMINIATURE I-F AMPLIFIERS 

• RADAR SCANNERS 

639 CIRCUITS AVE. 

=ELecrponi.cs CC 
4,1 P.11,41 P•l0 ACO CAll ,C11114. 

Racon Electric Co., Inc., 830 Audio Ave. 
Loudspeakers for industrial, armed forces and 
high fidelity use. 

Radell Division, I.D.E.A., Inc., 408 Elec-
tronic Ave. 

RADELL MIL-Line, INDUSTRIAL-Line and 
*Hermetically Sealed deposited carbon resis-
tors to fill a wide range of precision resistor 
requirements. 

ommuniumminiumummiummummontinimummiummonuminimonmune 

Radiation, Inc. 

10 Palace 

Airborne and ground instrumenta-
tion equipments, including a high 
capacity digital recording system, 
telemetering system, miniaturized 
packaging technique and super regu-
lated power supplies. 

Radio City Products Co., Inc., 220 In-
struments Ave. 

*Compatible All Electronic Sweep Generators. 
*DC Oscilloscopes—frequency meters—megohm 
meters—industrial measurealls—and a complete 
line of VT Voltmeters—tube testers—multi-
testers—signal generators. 

Radio Condenser Co., 780 Airborne Ave. 
Transistors Gangs, Television Tuners—VHF 
& UHF, automobile radio tuners, heme radio 
variable air capacitors, special applications 
variable air capacitors, custom built tuning 
devices, electro-mechanical assemblies & coil 
products, color phasing control. 

Radio Corporation of 
America 

151, 153, 155 Television 
Ave. 

RCA 21-inch color kinescope, 
components, receiving tubes and 
color test equipment. Also, tran-
sistors, diodes, batteries and in-
dustrial tubes. 

Radio-Electronic Engineering, 839 Au-
dio Ave. 

A technical magazine for engineers and execu-
tives in all branches of the electronics industry, 
presents essential, usable information on im-
portant engineering, research and development 
activities. 

•Indicates new product 

(Continued on Page 306A) 

Show Hours: Monday 10 AM-10 PM 
Tuesday 10 AM-10 PM 

Wednesday 10 AM- 5 PM 
Thursday 10 AM-10 PM 
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Research Specialist 
Edward Lovick 
measures reflection 
coefficient of 
dielectric materials 
in the K-band 
region. Lockheed is 
expanding K-band 
studies to meet 
future radar 
requirements. 

Lockheed expands airborne antenna program 

Lockheed's diversified expansion program is causing a 
major increase in airborne antenna research and 
development. Antenna design is one of the fastest 
growing areas at Lockheed, with research and 
development being applied to: extremely high-speed 
fighters, advanced jet trainers and jet transports; 
advanced versions of vertical-rising aircraft, turbo-prop 
transports, radar search planes ( developed and 
produced exclusively by Lockheed) and a number 
of significant classified projects. 

New positions at Lockheed 
The program presents Physicists and Electronic 
Engineers qualified for airborne antenna design with 
a wide range of assignments in communication, 
navigation and microwaves. 

In addition to the compensation of challenging work, 
Lockheed offers you increased salary rates now in 
effect; generous travel and moving allowances; 
an opportunity to enjoy Southern California life; and 
an extremely wide range of extra employe benefits 
which add approximately 14% to your salary in the 
form of insurance, retirement pension, etc. 

Electronics Research Engineer Irving Aine records radiation antenna 
patterns Twenty-two foot plastic tower in background 
eliminates ground reflections, approximates free space. Tower 
is of Lockheed design, asare pattern integrator, high gain 
amplifier, square root amplifier, logarithmic amplifier. 

E. O. Richter, Electronics Research department manager ( seated), W. R. Martin, 
antenna laboratory group engineer ( standing), and J. L. Rodgers, 
electronics research engineer, discuss design of corrugated surface antenna. 

Lockheed 
AIRCRAFT CORPORATION 

BURBANK California 
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FIRE 
CONTROL 
ANALYSTS 

Mathematicians • Electrical Engineers • Physicists 

needed for immediate openings in all levels of employment. These 
arc top ranking technical positions together with training positions 
leading to top responsibility in mathematical analysis for electronic 
fire control, computers, and servomechanisms. 

• Household goods moved • Liberal employee benefits 

• interview expense paid 

Send written resume to 

REMINGTON RAND, Inc. 
ERA DIVISION 

1902 W. Minnehaha Ave., St. Paul 4, Minn. 

PROJECT ADMINISTRATORS 
SENIOR ELECTRONIC ENGINEER 

SENIOR PHYSICIST 

We have openings for one Senior Physicist and one Senior Elec-
tronic Engineer with considerable experience in Project Admin-
istration of challenging and extremely interesting research and 
development contracts. Ability to administer a contract, meet 
schedules and perform within estimates is a prime requisite. They 
must also have the following qualifications: 

SENIOR PHYSICIST: A satisfactory background is required 
with particular emphasis on physical and geometrical optics. At 
least five years experience in electronic circuitry and/or ultra-
sonics, radar, infra-red techniques, preferably in industry, is 
necessary. 

SENIOR ELECTRONIC ENGINEER: Experience and educational 
background must be solid in radar and pulse circuitry and wide-
band video, with a good background in general physics. Some 
experience in microwave techniques, analog or digital computers 
and servos in industry would be desirable. 

Submit resume, including salary requirement, to 

Engineering Employment Division 

FREED ELECTRONICS AND CONTROLS CORPORATION 
200 Hudson Street, New York 13, New York 

What to See at the 

Radio Engineering Show 

(Continued from page 304A) 

RA1110 - 
1ELLIETILONICS 

152 1.1et•troniir t•e. 

Covers 'r V. ra.li.,, aielb., high iblelity and 
electronics with special emphasis on servir. 
ing. Also the Gernsback Library of low cost 
technical hooks on elecrionies at the service 
technician les 

Radio Frequency Laboratories, Inc., 823 
Audio Ave. 

Audio Frequency Transmitter and Receiver 
Terminals, Audio Frequency two-way Termi-
nal. 2W-2W Voice Terminal. "COMVOR" Data 
Transmission Termina h for Frequency Multi-
plexing systems and Special Hardwatre items. 

Radio Magazines, Inc., 852 Audio Ave. 
Latest issue of Audio Magazine. also just off 
the press, "Electronic Musical Instruments" 
by Richard II. Dorf, recognized as one of the 
few independent authorities on electronic 

Radio Nlaterials 

Corporation 

518 Components Ave. 

Ceramic Discap Capacitors 

aub RADIO RECEPTOR CO., INC. 
251 WEST 19TH NEW YORK 11 

See our Booths 511-513 

display Components Avenue 

GERMANIUM DIODES • SILICON DIODES 
TRANSISTORS • SELENIUM RECTIFIERS 
THERMATRON HF DIELECTRIC HEATING 
GENERATORS & PRESSES • NAVIGATION, 
RADAR & COMMUNICATIONS EQUIPMENT 

Radio & Television News, 839 Audio Ave. 
See Radio- Electronic Eugineering. 

Raleigh Engineering Division of Ameri-
can Machine & Foundry Co., 106, 108, 
110 Television Ave. 

Demonstration of AMF's Silver Zinc Batter-
ies which offer high power output per unit 
weight and volume at constant discharge 
voltage. Capable of unusually high drain rates, 
they operate over a wide range of environ-
mental conditions. 

Rawson Electrical Instr. Co., 210 Instru-
ments Ave. 

Laboratory Meters for AC or DC featuring 
high sensitivity and high accuracy. Electro-
static Voltmeters, Flumneters and Rotating 
Coil Gaussmeters for magnetic measurements. 
Sine-Cosine Potentiometers. 

Raydist Navigation, 410 Electronic Ave. 
See Hastings Instrument Co. 

(Continued en page 309A) 
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SENIOR 

ELECTRONICS 

ENGINEERS 

EE degree or equivalent 

experience. Background in 

communications and naviga-

tion desirable. Permanent 

positions in design and de-

velopment. Citizenship re-

quired. Position at Roches-

ter, New York. Excellent 

living and recreational con-

ditions in this area. 

ADDRESS: 

Chief Electronics Engineer 

Stromberg-Carlson Company 

Rochester 3, New York 

Messages by TV 

AT KINGSBRIDGE ARMORY 

AND PALACE 

Through the courtesy 

of thy Federal Telephony & 

Radio Co. and Farns‘vorth 

Electronics Corp. Capehart-

Farnsworth Corp. I. a closed 

circuit message paging system 

will post calls on seven monitor 

units in thy kingsbridge Arm-

or and Palace. Calls placed at 

our Information Centre s ill be 

re-broadcast through television 

reeei‘ers at the IRE information 

(.011111.'1-s and one recei‘er in the 

Federal Telephone and Radio 

Co. booth during thy Show. 

SANDIA 
CORPORATION 

invites you to compare 

'•/ OPPORTUNITIES 

-V ADVANTAGES 

. with those of other research and development organ-
narions. The "good" job is one in which you can be 
happy. You alone can decide the relative importance of 
such things as professional challenge of the work, pro-
motion possibilities, work environment, job security, 
geographical location, climate, etc. In all these respects, 
Sandia Laboratory can meet the expectations of most 
engineers and scientists in the following fields — 

• mechanical engineers 

• electronics engineers 

• electrical engineers 

• physicists 

is mathematicians 

• aerodynamicists 

• systems engineers 

SANDIA CORPORATION, a subsidiary of the Western 
Electric Company, operates Sandia Laboratory under con-
tract with the Atomic Energy Commission. Simply stated, 
Sandia's job is to build usable weapons around the ex-
plosive nuclear components developed at nearby Los 
Alamos Scientific Laboratory. Graduate engineers and 
scientists will find excellent opportunities in the fields of 
component development, systems engineering, applied 
research, testing and production. 

COMPENSATION is competitive with that offered in other 
industry. Working conditions are excellent and employee 
benefits include liberal paid vacations, free group life 
insurance, sickness benefits and a generous contributory 
retirement plan. Opportunities for advancement in this 
young and growing laboratory are many. 

SANDIA LABORATORY is located in Albuquerque — a 
modern, cosmopolitan city of 150,000, rich in cultural and 
recreational attractions and famous for its excellent year-
around climate. Adequate housing is easily obtained. For 
descriptive literature giving more detailed information on 
Sandia Laboratory and its activities — or to make applica-
tion for employment — please write: 

PROFESSIONAL EMPLOYMENT DIVISION 1A1 

SANDIA BASE • ALBUQUERQUE, NEW MEXICO 
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MICROWAVE & 
ELECTRONIC 
ENGINEERS 

A Few Positions Available 

in the Small Engineering Groups 

Engaged in Missile Guidance, 

Component Development and 

Microwave Engineering, on 

Both Civilian & Military Projects 

------ - .eve: -- --„ •,. 
- , - ,••••• • • •••• " 

Sanders Associates, Inc. is one of the fastest 
growing electronics laboratories in America. Run 
BY engineers, FOR engineers, Sanders provides unlimited 

opportunity for the ambitious man who would 
like his future to be determined solely by his own capabilities. 

Sanders outstanding record of growth and achievement in 3 
short years ( including the development of the world's 

smallest rate gyro) attests to the high calibre 
of the men already on the staff. 

The location in Nashua, New Hampshire provides year-round 
healthful living for the whole family ( one hour 
from the White and Monadnock Mountains, less 

than one hour from downtown Boston). 

If you feel your talents need more fOOM for 
expression . . . if you'd like to join a small progressive 
company where recognition comes quickly . . . 

.send a complete resume to Mr. J. I. Chesterley. 

Or See Mr. Chesterley at the Park Lane Hotel, 49th St. & Park Ave 
in New York during the IRE 

Convention, March 20-24. 

-.10;999e"566' 

137 CANAL ST. NASHUA, NEW HAMPSHIRE E7SRIIDERS SOCIRTES 
ENGINEERS . . . 

INCOÉ / 01111', D 

• 

Westin house 
the dynamic way to success 

with our 

ELECTRONIC TUBE DIVISION 

in Elmira, New York 

You'll "go places" ... share in our world-renowned growth and 
leadership. Based on. merit, your achievements will receive 
tangible recognition. And Elmira, in the heart of upper N. Y. 
state's lakeland, is a pleasant place to live. 

Opportunities for: 

DESIGN. DEVELOPMENT and APPLICATION ENGINEERS: Receiving, 
image orthicon or vidicon tubes; solid state devices. 

MICRO-WAVE TUBE DESIGN ENGINEERS: 2 or more years experience, 
for designing magnetrons, traveling- wave tubes, TR and Alit tubes, 
reference cavities, etc. 

Above openings are for Engineers and Physicists with 
Bachelor's, Master's or Doctor's degree. Also . . . 

ELECTRICAL ENGINEERS, for EQUIPMENT DESIGN: designing, costing, 
and guiding construction of processing and testing equipment, e.g. at-
mosphere furnaces, electrical welders, induction heaters, X-ray seasoning 
and test units, waveguide apparatus, transistor life test units. 

Interviews arranged in your area, or travel expense 
paid if invited to Elmira for interview. Send resume: 

WESTINGHOUSE Electronic Tube Division 
P.O. Box 284, Elmira, N. Y. 

The SIZE of the 
COMPANY 
  or  

The SIZE of the 
OPPORTUNITY ? 

Many engineers have found that the 

size of a company does not always 
determine the size of the opportunity 
it offers. 

Consider the National Company,for ex-
ample: solidly-established since 1914, 

recognized as a qualify pioneer in the 
electronics industry, we have remained 
comparatively small by choice, grow-

ing slowly while consistently increas-
ing our scope of operations. 

Ours is an organization where the 
accent has always been on individu-

ality, on encouragement of initiative, 

on personal interest in each engineer's 

progress. In this kind of environment, 

opportunity is inherent, and an engi-
neer can do his best work, knowing it 
will not go unnoticed. 

National invites engineers who are 
"Tuned to Tomorrow" to apply now for 
the following positions: 

ELECTRONIC ENGINEERING 
RESEARCH PHYSICS 

MECHANICAL ENGINEERING 
MECHANICAL DESIGN 

You will participate in the research, 
development and design of, 

COMMUNICATIONS SYSTEMS—Microwave 
components, transmitters, radar 8i ter-
minal equipment 

COMPUTING DEVICES—Digital & analog 
techniques 
AUDIO DEVICES—Tape recording, high 
fidelity amplifiers. tuners 
INSTRUMENTATION Sensing elements, 
high vacuum techniques, specialized cir-
cuits & frequency multipliers 
RECEIVERS—Specialized, diversity, low 
noise & microwave 
COMPONENTS — Hardware, capacitors, 
inductors 

INTERVIEWS AT THE 
I. R. E. CONVENTION 

Be sure to visit with 

National at its I.R.E. 

convention headquarters 

Hotel Barclay 

Ill East 48th Street, New York City 
(Between Pork and Lexington Avenues) 

Or write directly to John A. Bigelow 

National 

NATIONAL COMPANY, INC. 
61 Sherman St. Malden, PA:s.s.) 
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What to See at the 

Radio Engineering Show 

(Continued front page 306A) 

Raytheon Manufacturing 
Co. 

Excellence in Electronics 

2-4 Palace 
Magnetic Components 
Industrial Equipment 
Telecasting Equipment 
Tubes and Transistors 

Magnetrons and Klystrons 

Raytheon Manufacturing 
Co. 

Excellence in Electronics 

145-149 Television Ave. 
Magnetrons and Klystrons 

Telecommunications Equipment 
Receiving and Special Purpose Tubes 

Semi-Conductor Diodes and Transistors 
Microwave, Servo and Computer 

Components 
Backward Wave Oscillators and 

Travelling Wave Tube. 

Reeves Instrument Corp., 341-347 Com-
puter Ave. 

*Complete line REAC analog computer equip-
ment, *model 2" floated type Hermetic Inte-
grating gyro, high precision accelerometers, le-
solvers, and servo mechanical parts. •Rotary 
waveguide coupling automation systems. 

Reinhold Publishing Corp., 46 Palace 
AUTOMATIC CONTROL—the applicaticris 
magazine of systems engineering that reaches 
30,000 readers. Its editorial content is geared 
to the needs of a primarily engineering audi-
ence, with emphasis heaviest on applications 
of components and other control equipment. 

Remington-Rand, Inc., Electronic Com-
puter Div., 51, 53, 55 Palace 

Working model of Univac High-Speed Printer, 
•ultra- fast wheel printer with novel actuator 
technique . . . other new Univac auxiliaries 
displayed. 

Republic Steel Corp., 327 Computer Ave. 
See Truscon Steel Division 

Resin Industries, 706 Airborne Ave. 
""Resinite Vinyl Glass" vinyl impregnated 
fiberglas sleeving; also resinite commercial 
and specification grade vinyl insulation sleev-
ing lacing cords and tapes. 

Resinite Corp. 

791 Airborne Ave. 

The coil form with the highest re-
sistivity of any resinated product. 

Threaded and embossed tubes, col-
lars and flyback transformer coil 
forms. 

Rex Corp., 515, 517 Components Ave. 
Rexolite #1422 UHF Insulation, Rexolite #2200 
Glass Reinforced UHF Insulation, K-F Wires. 
Microwall Wires, Plastic Insulated Hook-Up 
Wires, Multiple conductor cables and Coaxia: 
Cables. Electrical Tubing. 

•Indicates new product 

(Continued on page 310A) 

CHALLENGING CAREERS AT RAYTHEON 

Raytheon TCR-12 Series Microwave Communication Systems ( above) operates on 
industrial and common carrier bands for telephone, telemetering, teletype, tele-
graph and control. First to use strip-line plumbing, this equipment incorpo-
rates latest design features for all-weather reliability, economy and compactness. 

Here's wide-open opportunity 

Long-range communications engineering development has estab-
lished Raytheon as a leader in the field. Another major commu-
nications product is the KTR-100 Series Color TV Microwave 
Relay which operates on the broadcast, common carrier and gov-
ernment bands with a multiplex audio-visual range to 25 miles. 

When you join Raytheon you work in an atmosphere of progress. 
Openings now for engineers, scientists in many areas including: 

microwave tubes • special purpose tubes • guided missiles 

transistors • diodes • receiving tubes 

radar • sonar • computers • ultrasonics 

metallurgy • ceramics • communications systems 
servomechanisms • control equipment • solid state physics 

Join a team where performance pays off. Please address inquiries 
to L. B. Landall, Professiot al Personnel Section. 

RAYTHEON MANUFACTURING COMPANY 

190 Willow St., Waltham 54, Mass. 

Plants also located In California and Illinois 
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Engineers — 
DESIGNERS- DRAFTSMEN 

Electronic and Mechanical 

"You just can't hardly 
find them no more" 

OPPORTUNITIES like those now available at 
Melpar are difficult to find. Melpar, leader in elec-
tronic research and development, offers unlimited 
opportunities for personal advancement . . . un-
excelled laboratory facilities at its new plant . . . 
diversified and challenging projects... long-range 
military and industrial program . . . and a new 
way of life in pleasant suburban Fairfax County 
in northern Virginia. Yes, "you just can't hardly 
find opportunities like them no more." 

For personal interview send resume to 
Technical Personnel Representative, 

eSubsidiary of Westinghouse Air Brake Co. 

3000 Arlington Blvd., Dept. IRE- 15 

Falls Church, Virginia 

or 11 Galen St., Watertown, Mass. 

melpar, inc. 

New positions created 
by our expansion require men 

with experience in the following fields: 
• Network Theory 
• Microwave Technique 
• UHF. VHF or SH F Receivers 
• Analog Computers 
• Digital Computers 
• Magnetic Tape Handling Equipment 
• Radar and Countermeasures 
• Packaging Electronic Equipment 
• Pulse Circuitry 
• Microwave Filters 
• Flight Simulators 
• Servomechanisms 
• Electro-Mechanical Design 

Representative will be available for 
interviewa in New York City 
during IRE Show. 

PHYSICIST 
OR 

ELECTRICAL ENGINEER 

With Ph.D. or comparable training. Knowledge of electrodynamics 

and microwave analysis is essential. Some experience in microwave 

measurement techniques is desirable. Proficiency along other lines 

will be an asset for future work. For aggressive independent re-

search laboratory in midwestern university town. Salary $9,500. 

Box 799 

Institute of Radio Engineers, 1 East 79th St., New York 21, N.Y. 

mom> 

orrizrau 

Large we 11 - financed electronic manufacturer 

is interested in finding new products suitable 

to our established national distribution through 

electronic parts jobbers. 

We particularly want: 
• Radio and Television service aids 
• Radically new TV antenna types - 

indoor, outdoor, UHF. VHF, 
or combinations. 

Liberal compensation for a good item! 
Outright purchase or royalty. — 

WRITE NOW! - Manufacturer will arrange 
personal contact. 

Send a brief resume on your new product or 
idea to: 

Box 806, Institute of Radio Engineers 
I East 79th St., New York 21, N.Y. 

What to See at the 

Radio Engineering Show 
(Continued from page 309,4) 

Rheem Mfg. Co., 87 Palace 
The Rheem Electronic,. Laboratory presents 
four of its outstanding missile instrumentation 
units. Designed for telemetering and other in• 
strumentation applications, they feature re-
liability under severe environments. 

THE 
RIESTER & THESMACHER 

COMPANY 
1526 W. 25th St. Cleveland, O. 

354 Microwave Ave. 

SHEET METALS 
FABRICATIONS 

Custom Built Cases and Covers 
for Electrical Equipment 

Robco Mfg. Div., Pilot International 
Corp., 28 Palace 

'Hermetic Seal Terminals, Headers of Ceramic 
Compression or Rubber Seal Soldered type. 
Contract manufacturing for the Electronics In-
dustry, specializing in electro-mechanical and 
electronic assemblies. 

(*BINS 
UtAzri07 

VIAT INC. 
MIORO Ne .1 SCY 

Booth, 751 Airborne Ave. 
All-metal (MET-L- FLEX) vibration and 
shock mounts and engineered mounting 
systems. 

PIONEERS IN All METAL MOUNTING SYSTEMS FOR AIRBORNE, 
SHIPBOARD, MOBILE, INDUSTRIAL AND PACKAGING APPLICATIONS. 

Roger White Electron Devices, 80 Palace 
See White Electron Devices, Roger 

Roller-Smith Corporation 
Instrument Division 

702 Airborne Ave. 

Exhibiting AC and DC ruggedised meters. 
'core magnet mechanisms. *elapsed time 
meters, ' relays. Precision Balances, rotary 
switches, .new styling to panel and ewitch• 
hoard meters, *250° switchboard meters. 

Ronette Acoustical Corp., 125 Television 
Ave. 

High fidelity audio components including 
"Eonotluid" System Cartridges, Pickup Arm. 
microphones, crystal tweeters and filtercels. 

Rotron Mfg. Co. 

581, 583 Components Ave. 

• Radial wheelblowers, •Aircraft 
motors; Hi-altitude blowers and 
fans; Inverted blowers; Transmit-
ting tube supports; Utility blower, 
and fans; Airflow interlocks. 

"Indicates new product 

(Continued on Page 312A) 
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Firs— 

SCHENECTADY 

UTICA 

SYRACUSE 

er 

CLYDE 

At General Electric plants and laboratories 
from New York to California, G.E. engineers 
are constantly planning new and revolution-
ary advances in the field of electronics. 
And with each new development, they are 
broadening the scope and opening new chal-
lenges and new opportunities in this young 
and fast-growing field. 

Thus, the opportunity is ever-increasing at 
General Electric. If you are interested in tak-
ing on new challenges ... in working with the 
finest facilities ... in growing along with this 
leader in industry, you are invited to apply 
now for positions open at Schenectady, Utica, 
Ithaca, Syracuse, and Clyde, New York; 
Owensboro, Kentucky; and Palo Alto, Calif. 

Guilford 
Personnel Service 
The confidential 
Professional Placement Service 
ENGINEERED to your require-
ments. 

GPS 

GPS 

GPS 

interviewers understand 
your resume. 

knows where your skills 
will bring the highest return. 

charges you NO FEE. 

E.E.'s, ME's, Aero Electronic Engrs., PFysi-

cists, Computers, Mfg. Engrs., Tube Arlen, 

Systems, Analysts, Technical Writers and Il-

lustrators, Ceramists, Metallurgists, Thermo-

dynamicists and Marketing and Admin. Engrs. 

Interview & relocation expenses 
PAID. 

Send 3 copies of your resume to 
Box R-1-C. 

308 American Bldg. 
Baltimore 2, Md. 

New 

GENERAL ELECTRIC 
Opportunities 
Throughout the Country 
In Advanced Electronic 
Developments 

ENGINEERS • PHYSICISTS 

Positions available in the following fields: 

Advanced Development, Design, Field Service 
and Technical Writing in connection with: 

MILITARY RADIO & RADAR • MULTIPLEX MICROWAVE 

MOBILE COMMUNICATION • COMMUNICATIONS 
ELECTRONIC COMPONENTS 

TELEVISION, TUBES & ANTENNAS 

Bachelor's or advanced degrees in Electrical 
or Mechanical Engineering, Physics, and 

experience in electronics industry necessary. 

Plea« send reettine to. 

Dept. 3-5-P, Technical Pcrèviiiiel 

GENERAL ELECTRIC 
ELECTRONICS PARK, SYRACUSE, N. Y. 

ENGINEERS PHYSICISTS 
Research .. . Development... Production 

REQUIRED BY CHATHAM for new expanding tube and equip-
ment development program. New plant with ultra-modern facili-
ties located in an attractive community near the metropolitan 
area. 

Fields open include: 
e NUCLEAR PHYSICS INSTRUMENTATION 
e PANEL INSTRUMENT DESIGN 
e VACUUM AND GAS TUBES 

—Hydrogen Thyratrons 

—Receiving 

—Cold Cathode Discharge 

—Gas and Mercury 

• PULSE CIRCUITS 
—Low and High Power 

• TRANSMITTERS 
• MAGNETIC AMPLIFIERS 

— Computer and Counting 

— Photo Multiplier 

— Switching 

Vapor Rectifiers and Thyratrons 

• AUDIO 
—Low and High Power 

• EQUIPMENT COSTING 
e COMPUTERS 

Visit CHATHAM AT THE I.R.E. SHOW! Booths 474, 476 and 478, ELECTRONIC 
AVENUE, Kingsbridge Armory or forward complete resume to our Livingston offices. 

CHATHAM ELECTRONICS 
Division of GERA CORPORATION 

LIVINGSTON, NEW JERSEY 
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ELECTRONIC 

RESEARCH & DEVELOPMENT 
ENGINEERS 

JUNIOR & SENIOR 

Continued expansion of varied commercial and military activi-
ties of our electronics divisions offers positions for specialists 
or those capable of handling from beginning-to-end circuit 
design, breadboarding and packaging—in: 

ANALOG & DIGITAL COMPUTERS 

MAGNETIC AMPLIFIERS 

SERVO MECHANISMS 

FIRE CONTROL SYSTEMS 

GUIDED MISSILES 

SUBMINIATURIZATION 

FLIGHT SIMULATION 

NAVIGATIONAL RADIO AIDS 

Local interviews will be arranged 
for immediate positions with: 

ACF Electronics—Alexandria, Va. 
(Suburb of Washington, D.C.) 

Avion Instrument Corp.—Paramus, N.J. 
(N.Y. Metropolitan Area) 

Engineering & Research—Riverdale, Md. 
(Suburb of Washington, D.C.) 

Submit resumes to: 

ACF INDUSTRIES, INC. 
(Formerly American Car & Foundry Co.) 

P.O. BOX 55 
Church Street Annex 
New York 8, N.Y. 

CHIEF ENGINEER 
Are you experienced in electronics, phonograph cartridges and pickup 

arms, microphones, television boosters and converters? Do you have the 

ability to administer and co-ordinate the activities of the mechanical, 

acoustical and electronic divisions of a leading midwest manufacturer of 
these parts? Send us a resume of your background. You may be the man 

we are seeking. All replies confidential. 

Box 805, Institute of Radio Engineers 
I East 79th Street, New York 21, N.Y. 

What to See at the 

Radio Engineering Show 

(Continued from page 310A) 

Rutherford Electronics Co. 

424 Electronic Ave. 
Rutherford Electronic Company display Pulse 

and Time Delay Generators, featuring their 

Model B-2A high repetition rate, wide range 

pulse generator, Time Delay Generators 

Models A-2, A-4 and A-5, providing accurate 

and variable time delay from 1 microsecond 

to 10 seconds. 

Sage Electronics Corp., 15 Palace 
Miniature Precision Power resistors. •"Sili-
cohm" line provides uneaualled characteristics 
in both silicone-coated and metal-clad types. 
Unique and exclusive "feed through" metal-
clad design. 

Sanborn Company 
455, 457 Electronic Ave. 

The 150 Series family will Include the single-. 
two., four., six-, and eight-channel Record-
ing Systems. A variety of interchangeable 
preamplifiers or front ends are available. 
These include AC-DC, Carrier, Servo-Monitor, 
DC Coupling, Log Audio, Low Level and AC 
Watt Meter. Dual channel DC amplifiers de-
signed for use with analog computers will 
be shown in four- and eight-channel Record-
ing Systems. 

San Fernando Elec. Mfg. Co., 483 Elec-
tronic Ave. 

Capacitors—paper dielectric, tubular and rec• 
tangular (bathtub type), metal cased, her-
metically sealed with glass to metal terminals. 
MIL C-HA specification. *Metallized paper 
and polyester film capacitors. 

Schutter Mfg. Co., Carl W., 563, 565 
Components Ave. 

Microwave components, such as choke and 
cover flanges, for waveguides, twists, elbows, 
magic and shunt tees, flap attenuators, wave-
guide terminations, adapters, and many like 
parts of similar nature. 

SCOVILL 
MANUFACTURING CO. 

Booth 47 
Kingsbridge Palace 

PANELOC Rotary Latches* 
PANELOC Aircraft Fasteners 

Waterbury 20, Conn. 

"PRESS- FIT" 

TEFLON TERMINALS 

CORPORATION 

BOOTH 48 KINGSBRIDGE PALACE 

•Indicates new product 

312A 

(Continued on page 314A) 
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ELECTRONICS 

ENGINEER 

PROJECT 

CALIFORNIA LOCATION 

Manufacturer of carrier tele-
phone and microwave equip-

ment offers permanent posi-

tion for project engineer, 
minimum five years' develop-

mental engineering experi-
ence, including some super-

visory background. B.S.E.E. 
required. Optimum in living 
and working conditions near 

San Francisco. Salary open. 
Send resume of education 

and experience to Employ-
ment Manager: 

LENKURT ELECTRIC CO., INC. 

1105 County Road 

San Carlos, California 

C 0 N VA I R 
POMONA 

offers 

ENGINEERING 

OPPORTUNITIES 

• ELECTRONICS 

• DYNAMICS 

• AERODYNAMICS 

• THERMODYNAMICS 

Guided Missiles 

Employment Dept. 
1675 West 5th St. 

P. 0 Box 1011, Pomona, Calif. 

CONVAIR 
A DIVISION OF 

GENERAL DYNAMICS 
CORPORATION 

(POMONA) 

FOR ENGINEERS 
with heads in the clouds 

Chances are the men we seek are not looking 

for just a job ... they already have that along 

with a satisfactory income. Yet these men 

are not happy . . their vision clouded with 

kick of opportunity .. . t!-,eir creative effort 

diverted into detail and frustrations. 

o engineers and scientists with signifi-

cant professional potential Farnsworth 

offers a future limited only by their 

own initiative ... facilities, equipment 

and operational procedures designed 

to fit their special needs . . . living 

conditions in a community famed 

as America's happiest city . . . 

working with associates and 

problems that inspire creative ac-

complishment in these fields: 

Pulse Circuitry, Antennas, Infor-

mation Theory, Receivers, Data 

Recording, Microwaves, Ra-

dar, Electronic Countermea-

sures, Missile Guidance and 

Control, Systems Test 

Equipment. 

but who have 
their feet 
on the ground 

Address Inquiries to 

FARNSWORTH ELECTRONICS CO., 
Fort Wayne, Indiana 

PROCEEDINGS OF THE I.R.E. March, 1955 
313A 



ENGINEERS • SCIENTISTS 

(es 
 e again OpetIS Ur W. careers for men of high professional 
caliber. An organization owned, operated and managed by engi-
neers offers job variety, high pay and unusual opportunities for 
rapid professitmal growth. 

THERMATRON • ENGINEERING PRODUCTS 
DIVISION DIVISION 

Dielectric heat sealers for plastic 
and w Iweid industries. 

• ELECTRICAL ENGINEERS 
Circuit design: new applications. 

lIc,carcli anti develoi •nt in lll i l ' 1'1)« 

%, a se and radar fields, pursuant to 
Iiug-terin contracts. 

• ELECTRONIC ENGINEERS 
At all experience levels. For circuit design 

V and development. 

SEMI - CONDUCTOR DIVISION 
Transistors and diodes: research. development applicat 
and product• . 

• PHYSICISTS 
For semi-conductor research. 

• CHEMICAL ENGINEERS 
For production process development. 

• ELECTRONIC ENGINEERS 
For transistor circuit applications. 

• MECHANICAL ENGINEERS 
For research in electronic device encapsulation. 

• AUTOMATIC MACHINE DESIGNERS 
For transistor production machinery. 

Send evsurrip VI'. Stanley Winston, Pers llll rid Ilunager 

Radio Receptor Company, Inc. 
2,10 WYTHE AVENUE 11111001iLYN 11, N.V. 

CAREER OPPORTUNITIES 
for 

MICROWAVE ENGINEERS and PHYSICISTS 

Capable of engaging in and directing both theoretical and experimental studies related 
to the propagation of electromagnetic fields through dielectric and semiconducting materials. 
Two to five years experience in either antenna design, radome design, microwave circuit de-
sign or associated fields is essential. In addition, a knowledge of advanced electromagnetic 
field theory, electrical characteristics of materials or the techniques of microwave measure-
ments would be highly desirable. 

Service facilities include digital and nonlinear computation laboratories, technician service, 
pattern shop facilities, modern antenna test facilities, excellent library as well as other 
specialized services. 

Send resume or request application from: C. G. Jones, Mgr., Salary Personnel 

THE GOODYEAR AIRCRAFT CORPORATION 

AKRON 15, OHIO 

MOUNT VERNON. N.Y. 

e PP.ECISION 
ELECTRICAL 
MEASURING 
INSTRUMENTS 

• LABORATORY 
STANDARDS 
SUB STANDARDS 

What to See at the 

Radio Engineering Show 

(Continued from page 

SENSITIVE RESEARCH 

INSTRUMENT CORPORATION 

BOOTH 218 
Instruments Ave. 

e .25 of I% and .5 of 
I% PANEL IN-
STRUMENTS 

e PEAK AND RMS 
READING ELEC-
TROSTATIC VOLT-
METERS 

e UNIVERSAL MAG-
NETIC MEASUR-
ING TEST SET 

Service Magazine, 892 Audio Ave. 
See Bryan Davis Publishing Co. 

Servo Corp. of America 

203, 300 Production Rd. 

Direction Finders, 

Communications, 

Servo Test Equip-

ment, * Radar Re-

cording 

Servomechanisms, Inc., 740, 724 Air-
borne Ave. 

Servo Amplifiers, Power Supplies, Servo Mo-
tors, Mechanical Development Apparatus, 
Pressure Transducers, Positioning Mechanism. 
Film Potentiometers, Magnetic Amplifiers, 
Relative Wind Transducers, Accelerometers, 
Analog Computers, Air Data Computation, 
Mach Computers, 60 to 400 cycle plug-in Com-
ponents and Systems. 

Servo-Tek Products Co., Inc., 816 Audio 
Ave. 

•"200" series of electronic adjustable speed 
drives, velocity servos, miniature dc motors 
and tachometer generators. Also electronic re-
lays and constant reference voltage supplies. 

Sessions Clock Co., 510, 512 Components 
Ave. 

*Clock Timers for TV—Sing-L-Knob all-
features clock timers— Radia and Blanket tim-
ers—Low-Priced 24-hour alarm timers—Indus-
trial Timing Motors. 

Shakeproof, Division of Illinois Tool 
Works, 739 Airborne Ave. 

How SHAKEPROOF fastenings cut produc-
tion costs and speed assembly—demonstration 
of plastic fasteners, special fasteners for TV 
and radio, automatic power screw drivers, 
standard SHAKEPROOF products. 

,.:"IIIIIII111111111111111111111111111111111111111111111111.11111.1111111111111111111111111111111111111111111111111111111111I 

Shallcross Mfg. Co. 

559, 561 Components Ave. 

Resistors: Precision Wirewound, En- E 
capsulated, Ceramic Power; Boro' 

Carbon, Miniature Precision Power Switches; Rotary Rotary Selector; Multi- :1 

Deck rotary, Push-Button Instru-
ments, Delay Lines, Attenuators. 

*Indicates new product 

(Continued on pdge 316,4) 

Show Hours: Monday 10 AM-10 PM 
Tuesday 10 AM-10 PM 

Wednesday 10 AM- 5 PM 
Thursday 10 AM-10 PM 
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Electrical Engineers 

and Physicists 
• Radar Simulation 
• Advanced Circuitry 

• Analog Computors 

• Ballistics 

• Mapping 

• Telemetering 

Senior and Junior Engineers 

ilelonotony 
Unknown . . . 

Here is your opportunity to join with 
an organization where your skill will 
be utilized in association with an 
entire project, not just a segment of 
a job. We are small but growing . . . 
we offer you the opportunity to grow 
and advance with us. Gain individual 
recognition by working closely with 
technical management. Associate with 
other top-notch engineers ... live and 
work in suburban surroundings, just 
8 miles from metropolitan Baltimore 
If you are interested in an organiza-
tion where monotony is unknown . . 

Industrial Research Laboratories 
Division of Aeronca Manufacturing Corp. 

Dept. B-3, Hilltop & Frederick Rds. 
Baltimore 28, Maryland 

DESIGN ENGINEER 
Excellent opportunity available for 
Design Engineer in the field of 
Magnetic Materials. Electrical En-
gineering degree and two or more 
years' experience in permanent 
magnet design work desirable. 
Equivalent experience in electro-
magnet or electric machine design 
may be satisfactory. 
The company is a growing or-

ganization well known for speciali-
zation in the manufacture of all 
types of magnetic materials. Elec-
trical and Metallurgical Laboratories 
are exceptionally well equipped with 
modern apparatus and testing 
devices. 
Midwestern location (70 miles 

from Chicago), salary open. 
For interview during the 

Show, call Mr. D. P. O'Brien at the 
New York Office, Empire Sta re 

Building, Oxford 5-1685 . 
Send full background 
and experience data to 

. . or 

Mr. Charles S. Brand 

THE ARNOLD ENGINEERING CO. 
Marengo, Illinois 

interested in 

INERTIAL GUIDANCE? 

Increasingly important to the 

guided missile program at Bell Aircraft, 

the development and broadened 

application of these and allied devices offers 

an opportunity and challenge to: 

ELECTRONIC DEVELOPMENT ENGINEERS 

including specialists in magnetic amplifiers, transistor cir-

cuits and airborne digital computer techniques to design and 

develop electronic components such as precise integrators, 

accelerometers, computers, feedback amplifiers, and instru-

ment servos for use in inertial guidance. 

SERVO SYSTEM ENGINEER 

Analyze, design and develop complete systems for inertial 

guidance, with the help of a team of specialists. 

SERVO VALVE DEVELOPMENT ENGINEERS 

Design and develop high performance servo valves for 

autopilots in special aircraft, helicopters, and missiles. 

To qualified personnel, these positions are well worth investigating. 

Get complete facts by writing (or sending resume') to: 

Manager, Engineering Personnel 

'‘er 

CORPORATION 

P. O. BOX ONE • BUFFALO 5, N.Y. 
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Electronic Engineers 
e‘ Elm CHALLENGING HORIZOte 

• 

• RELOCATION 
ALLOWANCES 

• LIBERAL EMPLOYEE 
BENEFITS 

• ADEQUATE HOUSING 
IN BEAUTIFUL et 
SUBURBAN COUNTY 
TYPE AREA 

• TUITION REFUND 
PROGRAM 
(9 graduate schools 
in area of plant) 

• MODERN PLANT 
WITH LATEST _ 
TECHNICAL FACILI ES 

• ASSOCIATION WITH 

OUT 
PROFESSIONAL 
PERSONNEL 

Unusual opportunities for professional 
development and recognition 

Sperry, a pioneer in many fields for 43 years 
takes another forward step in its consistent growth 
and expansion. You are invited to investigate these 
new openings. 
Over 1500 employees have been associated 

with Sperry for more than 15 years . . . ample 
evidence of opportunity, good salaries, excellent 
benefits and fine working conditions that make for 
a bright future. 

Digital Computer Engineers—Positions require familiar-
ity with Digital to analogue data converters, Pulse 

circuits, Logical design, Sampled data system studies, 
Memory devices. 

Electronic Engineers and Physicists—Interesting, Non-

routine assignmtnts in the fields of Radars, Missile test 
equipment. Microwave ferrites, Solid state devices, 

U.H.F. receivers and transmitters, Klystron and travel-
ing wave tubes. 

Interviews can be arranged on Saturday at our plant 
and may be arranged in your city. 

SPERRY GYROSCOPE CO. 

sPfle 
DIVISION OF THE SPERRY CORP. 

Great Neck, Long Island, New York 

 ELECTRONICS DESIGNERS 

System • Circuit • Receiver • Microwave 

AIRCRAFT ARMAMENTS' radar, fire control and associated weapons system development 
engineering program continues to provide attractive opportunities for individuals of excellent 
training and experience as CIRCUIT, MICROWAVE, RECEIVER or SYSTEMS DESIGNERS. 

AIRCRAFT ARMAMENTS' program and its design engineering approach require men who 
can accept responsibility and work with a high degree of independence from conception to 
completion of assignments at both the major component and project level. 
AIRCRAFT ARMAMENTS, INC., is particularly interested in able young men who are now 
ready for difficult design assignments not presently available to them. Address complete back-
ground and interest data to 

D. J. WISHART 
Director of Personnel 

IR CRAFT 

MAMENTS 
/NC. 

P.O. BOX 126 
COCKEYSVILLE, MARYLAND 

ELECTRONIC ENGINEERS 
For Research & Development in . . . 

RADIO SYSTEMS ANTENNA SYSTEMS 

Interesting, challenging, and varied assignments on advanced industrial and military 
projects with a Western applied research organization. Association with an outstand-
ing professional research staff, working under conditions favorable for individual 
accomplishment. 

Please send resume to 
Personnel Department 
STANFORD RESEARCH INSTITUTE 

Palo Alto, California 

New York interviews may be arranged during IRE convention. 

What to See at the 

Radio Engineering Show 

(Continued from pcge 314A) 

Shasta Division 
Beckman Instruments, Inc. 

750 Airborne Ave. 

*Expanded Scale Voltmeters di frequency 
Meters, *Log- Seale AC•VTVM; *Audio Oscil-
lator; *Impedance Bridge. plus resistance 

bridges, WWV Receivers, Wide Band Ampli-
fiers. Power Supplies. 

SHIELDING, INC. 
»MN 
SHIELDING ROOMS 

Booths 894-895 BROADCAST WAY 
SHIELDING, INC., RIVERSIDE, N.J. 

Phone: HOBART 2-1202 

'Indicates new product 

(Continued on page 319A) 

Follow the yellow lights to the industry's 
newest exhibitors in KIngsbridge Palace. 

Ride to the parking areas FREE 

ENGINEERS • 
ELECTRICAL AND ELECTRONIC 

Creative, imaginative men to work 
in the forefront of the fabulous elec-
tronics world ( substantial laboratory 
work) . . . with a science leader 
since 1891. Additionally, consider 
the advantages of suburban living in 
the rolling hills of Connecticut . . . 
the ideal environment for the whole 

family. 

ELECTRICAL & ELECTRONIC: 

Coordination and production on the 
manufacture of high frequency radar 
altimeters. 500 to 1000 megacycles. 
Require E.E. degree or equivalent 
in the field. 

ELECTRICAL: 

Must be experienced in the design 

of switching circuits for AF-RF-
UHF or airborne electronic equip-

ment. 

Analysis of audio and/or radio 

UHF circuits. 

Please forward complete resume to: 

MR. NORMAN L. MARKEL 

THE GRAY MFG. CO. 
(Creators of Pay Station Telephone) 

16 Arbor Street, Hartford, Conn. 
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ENGINEERS 
The APPLIED PHYSICS LABORATORY OF 

THE JOHNS HOPKINS UNIVERSITY offers 

an exceptional opportunity for professional 

advancement in a well-established labora-

tory with a reputation for the encourage-

ment of individual responsibility and self-

direction. Our program of 

GUIDED MISSILE 

RESEARCH AND 

DEVELOPMENT 

provides such an opportunity for men 

qualified in: 

ELECTRONIC CIRCUIT DESIGN AND 

ANALYSIS 

DEVELOPMENT AND APPLICATION OF 
TRANSISTOR CIRCUITRY 

SERVOMECHANISMS AND CONTROL 

SYSTEM ANALYSIS 

ELECTRONIC EQUIPMENT PACKAGING 

INSTRUMENT DESIGN 

MISSILE SYSTEMS DEVELOPMENT 

FLIGHT TESTING 

Please send your resume to 

Glover B. Mayfield 

APPLIED PHYSICS LABORATORY 

THE JOHNS HOPKINS UNIVERSITY 

8621 Georgia Avenue 

Silver Spring, Maryland 

ELECTRONIC 
ENGINEERS 

Research & Development 
Physicists—Engineers 

(SENIORS) 

Experienced in research and development 
of various radar systems including: bea-
cons, missile guidance and counter meas-
ures. Advanced training in applied mathe-
matics, noise theory and probability analy-
sis desirable. EE degree or equivalent re-
quired. 

FIELD ENGINEERS 
(Seniors) 

Local 8 Field Assignments 

Must have EE degree, with 3-5 years ex-
perience in one of the following: 
—Flight Simulators 
—Radar & Sonar Trainers 
—Fire Control Radar 
—Electronic installation and maintenance 

• EQUIPMENT ENGINEERS 

3-5 years experience with at least 3 years 
in circuit packaging. EE degree with me-
chanical background. 

• APPLICATION ENGINEERS 

5-10 years experience on coil and trans-
former development. 

Salary and advancement commensurate with 
ability; liberal vacation, sick leave 9 paid 
holidays, group life, sickness and accident 
insurance plans, and a worthwhile pension 
system. 

STAVID 
Engineering, Inc. 

Personnel Office, 312 Park Avenue 

Plainfield, N.J.—PLainfield 6-4806 

'PAR. GCA RADAR" also holds prime contracts 

in highly diversified electronics fields 

RESULT: Important, permanent career 
opportunities for electronics engineers. 

Gilfillan has been so closely associated with GCA radar 
since its inception that the two names are practically 
synonymous. 

Less well known is the fact that Gilfillan holds prime 
long-range research and development contracts in many 
electronics fields. This is due to the Gilfillan ability to 
approach a whole problem and arrive at a whole solution, 
as was so clearly demonstrated by their development of 
GCA Radar. 

One that can now be announced is Gilfillan's prime con-
tract for the guidance system of the Army's "Corporal." 
Others concern more advanced systems for the missiles 
of tomorrow. Still other classified projects deal with 
advanced and unsolved techniques for all branches of 
the military services. 

This adds up to unusually advantageous career oppor-
tunities for electronics engineers. More details about 
this pioneer and progressive firm can convince you that 
your place in the sun is with Gilfillan. 

WRITE: R. E. Bell, Gilfillan Bros., 
Dept. 35, 1815 Venice Blvd., 
Los Angeles, Calif. 
Personal interview will 
be arranged at a location 
convenient for you. 

çzieee 

oc' 

AND ELEC1. 

Gel/an 
LOS ANGSLIS 
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Electronics 

Systems 

Electromechanical 

ENGINEERS 

Analogue 

Computer 

Environmental 

Test 

Senior 

Microwave Research 

To those engineers who prefer a variety 
of assignments on interesting, 
long-range projects, General Precision 
Laboratory offers an exceptional 
opportunity. 

This growing research laboratory 
combines the challenge of exploring 
new fields with the stability afforded 
by a large and diversified parent 
organization—General Precision 
Equipment Corporation. 

The location in New York's 
well-known Westchester 
County provides an ideal living 
and working environment— 
beautiful surroundings, high 
standard of living, and just one 

hour from New York City with its 
many cultural and educational facilities. 

Men with interests in the above and 
related fields should submit resumes to 
Mr. H. F. Ware. Expenses will be 
paid for qualified applicants who come 
for interviews. We regret we can 
consider only U. S. citizens. 

I.R.E. MEMBERS ATTENDING THE CONVENTION— 

FOR FURiFIER CAREER INFORMATION, 

SEE OUR REPRESENTATIVES AT THE WALDORF 

MARCH 20 THROUGH 24 

GENERAL PRECISION 
LABORATORY INCORPORATED 

A Subsidiary of General Precision Equipment Corporation 

63 Bedford Road Pleasantville, New York 

EDGERTON 

GERMESHAUSEN 

and CRIER, INC. 

. . . offers excellent opportunities to Senior ELECTRONIC ENGI-

NEERS who have a background of design and development of test 

equipment, including experience in pulse techniques. Junior Engineers 

who have skills in this field are also required to assist in our long-range 

program. 

SENIOR TUBE ENGINEER . . . fine opportunity for a man who has 

the proper background in the development of Special Tubes. 

Edgerton, Germeshausen and Grier is a steady-growth company 

firmly established in the instrumentation field working closely with the 

A.E.C. Our plants are located in Boston, Massachusetts and Las Vegas, 

Nevada. 

Send resume to or contact Personnel Manager 

160 Brookline Avenue, Boston 15, Massachusetts. 

ELECTRONIC ENGINEERS 
You can work in the stimulating 

atmosphere of an applied research 

and development laboratory where 
ideas are important, initiative is en-
couraged and associates are com-

petent. The project areas listed 
below are typical of our extensive 

electronics interest; a complete list 
would include almost every branch 
of modern electronics. We are inter-

ested in men of all levels with sound 
training, imagination and potential, 
regardless of their specialty. 

Communications 

Dynamic Control Systems 

Aircraft Instrumentation 

Radar 

Computers 

Electrical Measurements 

Varied Electronic Circuits 

Servo-Mechanisms 

Missile Guidance 

Microwave 

ENGINEER WRITER 

Must be a competent Electronics Engi-

neer with an avocation for technical writ-

ing. Writing will include specifications, 

test procedures, operating procedures and 

reports. 

If you are interested in working at your 

maximum professional level in an organi-

zation that combines the most desirable 
elements of academic and industrial re 
search and development, we invite you 

to communicate with our Employment 

Manager. 

li.S, degree and experience required; ad-
vanced degree with experience to back 

it up is even better. 

Hospitalization, surgery; group life, sick-

ness, accident and retirement insurance 
is available with most of the cost paid 

by the Laboratory. Salaries are compar-

able with industry. Merit reviews occur 

semi-yearly assuring recognition of work 

well done and expediting advancement. 
Other personnel policies are very liberal, 

such as our self-sponsored internal re-
search program. Graduate study at Uni-

versity of Buffalo is encouraged through 

generous tuition refund program. 

CORNELL AERONAUTICAL 
LABORATORY 

Buffalo 21, New York 
wholly owned by Cornell University 
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What to See at the 

Radio Engineering Show 

rrirrzir.,1 ir rrr pa,p• 

siera 
cl)) 

711 AIRBORNE AVE. 
Sierra Electronic Corporation 
1050 Britten Ave. • San Carlos 2, Calif. 

Sigma Instruments, Inc., 636, 638 Cir-
cuits Ave. 

Exhibiting: Sensitive Relays—High speed tele-
graph, midget polar for missiles, 25 ampere 
contactor 2.5 ma coil, 130 per second step-
motor. 8000 per minute counter. 

Simpson Electric Company 

448 Electronic Ave. 

Testers: *Varidot Generator. * Oscil-
loscopes. •Therm-O-Meter. * Field 
Strength Meters. *Tube Testers. 
Panel Instruments: *5-1/2 " Modern-
istic. Meter Movements: *Simpson-
Greibach. *Core Magnet.. 

Indicates new product 

(Continued on page 320A) 

ELECTRONICS 

SALES ENGINEER 

25-35 
CALIFORNIA LOCATION 

Manufacturer of carrier tele-

phone and microwave equip-

ment has immediate opening 

for graduate engineer with 

minimum two years experi-

ence in radio multiplexing or 

telephone carrier engineer-

ing. Some travel. Salary 

open. Excellent opportunity. 

Send resume of education 

and experience to Employ-

ment Manager: 

LENKURT ELECTRIC CO., INC. 

1105 County Road 

San Carlos, California 

WANTED 

Design and Process Engineers 

for Aeronautical Controls 

Honeywell's Aeronautical Division is expanding— creating new and 
unusual opportunities for trained engineers with the world's largest 
control manufacturer. Honeywell Aero specializes in four vital areas of 
air-borne control systems: 

1. Autopilots and Dampers—Honeywell Aero has built more auto-
pilots than any other company. Has autopilots and damper equipment 
on the latest supersonic aircraft. 

2. Air-borne Instrumentation—Honeywell Aero is the largest manu-
facturer of electronic fuel gage systems — now on more than 80 different 
types of military aircraft— plus every type of commercial transport in 
production. Other instruments include: pressure ratio indicators, exhaust 
gas temperature indicators, thermistor level switches and accelerometers. 

3. Precision Gyros—Honeywell Aero is first in floated gyros — makes 
the world's most accurate gyro. Also manufactures a complete line of 
precision rate, vertical and cageable gyros, plus actuators and amplifiers 
for servo systems. 

4. Engine Controls—As the leader in piston aircraft controls: turbo 
regulator systems and remote throttle controls — Honeywell Aero is now 
designing electro-mechanical and hydraulic jet engine control systems. 

Positions Open 

Design Engineers — Gyros —New concepts in gyro design now 
in our research group require new design teams to develop and 
produce. Excellent opportunities for engineers with experience in 
design of gyros, accelerometers, magnetic pickoffs, spin motors 
and other electro-mechanical devices. 

System Engineers — Autopilot — Additional flight control 
projects offer design and supervisory opportunities for experienced 
analysts and designers on components such as mach sensors, 
altitude controllers, hydraulic servos, velocity generators and for 
complete autopilot systems. 

Instrumentation Engineers — New commitments require 
additional experienced designers for transistorized fuel gages, 
thermistor switches, pressure ratio indicators and exhaust gas 
temperature indicators. 

Process Engineers — Additional process engineers are needed to 
devise methods, processes and assembly techniques for economi-
cal mass production for components and systems mentioned 
above. 

Call Mr. C. A. Koepke, our Engineering Placement Manager, at 
the Belmont Plaza Hotel, New York, March 21-24. Or write Mr. 
C. A. Koepke, Honeywell, Dept. IR-3-44, Minneapolis 8, Min-
nesota. 

HMINNEAPOLIS 1/ 

oneywe 
Aeronautical Division HJ 

I. 
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YOUR 

CALLING CARD FOR 

A BRILLIANT FUTURE... 

Bendix Missile Section is a major contractor in the U. S. Navy's guided 

missile program - - a part of the "new look" in our defense plan. Our 

expanding program has many opportunities for senior engineering 
personnel: Electronics Engineers, Dynamicists, Servo- Analysts, Stress 

Analysts, Project Coordinators, and Designers. Take time now to look 

into the opportunities which Bendix can offer you. Write Employment 
Dept. M, 401 Bendix Drive, South Bend, Indiana. 

DU MONT 
Instrument Division 
needs additional high calibre 

engineers for 

Electronic Instrumentation 

Missile Work 

Test Equipment 

Timing and Pulse Circuits 

Video Circuits 

Electro-Mechanical Devices 

Recording Systems 

for both commercial 
and government output 

Contact 

Mr. George A. Kaye 

Employment Manager 

ALLEN B. DU MONT 

LABORATORIES, INC. 
35 Market Street 

East Paterson, New Jersey 

ENGINEERS 
MICROWAVE 

Development of microwave instru-
ments & test equipment 

ELECTRONIC 
Development of electronic instru-
ments 

Precision instrument manufacturer 

requires men with good academic 

& practical background. At least 

2-3 years design & development 

experience required. Should ex-

hibit qua.ities of leadership, with 

the ability to meet & deal with 

people. Men who fill the bill will 

be substantially compensated. 

0 L YTE CHNIC 
RESEARCH & 

DEVELOPMENT CO., INC. 
202 Tillary St. 

Brooklyn 1, New York 

What to See at the 

Radio Engineering Show 

(Continued from page 319A) 

Herman H. Smith, Inc., 578 Components 
Ave. 

Vibrex Expanding Panel Fasteners—A radical-
ly new device which combines a fastening and 
a shock and vibration absorption in one 
fastener. Phone tip and banana plug with 
molded plastic handles and various types 
phone tip banana jacks. 

Sola Electric Co. 

537, 539 Compor.ents Ave. 

*Voltage regulated DC power sup-
plies; regulated, adjustable AC vol-
tage supplies; constant voltage trans-
formers; regulated plate-filament 
power transformers; voltage-sensitive 
controls, and related products. 

 %ea 

Sorensen & Co., Inc. 

646 Circuits Ave. 

AC Line Regulators, electronic; AC Mag-

netic Voltage Regulators*; Regulated DC 

High Current Sources and B- Supplies; Tube-

less AC and ric Sources*: Electronic Fre-

quency Changers, 0.01% accuracy; High Pre-

cision AC Regulators and DC Power Sources. 

Southco Division, 93 Palace 
*Standard fully retractable screw fasteners for 
removable panels and doors. Complete line of 
door and panel fasteners and hammer-driven 
blind rivets. 

Southern Electronics 
Company 

509 Components Ave. 

Ultra high precision polystyrene ca-
pacitors and RC filters to 0.1% toler-
ance. Adjustable polystyrene capaci-
tors. "MYLAR" capacitors to 1% 
tolerance smallest case sizes. 

Southwestern Industrial 
Electronics Co. 

213, 215 Instruments Ave. 

The SIR line of electronic laboratory test in-
struments will include new recording equip-
ment, oscillators, resistance meters, dc am-
plifiers, and comparison bridges, in addition 
to the famous Model R-1 Voltmeter and 
hermetically sealed transformer.. 

Spaulding Fibre Company, Inc., 42 Pal-
ace 

Spauldite Laminated Thermosetting Plastics 
including High Insulation Resistant and 
Flame Retardant Grades.* Copperclad materi-
als for Printed Circuits. Vulcanized Fibre. 
Spauldo, Fibre Board insulation. Fabricated 
parts. 

*Indicates new product 
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Developers 
of the 

Corporal 
Guided 
Missile. 

JET PR 

JET 

PROPULSION 

LABORATORY 
CALIFORNIA 

INSTITUTE OF 

TECHNOLOGY 

Active in all phases 
of electronics and physics 
related to guided missiles 
and jet propulsion. 

The nation's foremost 

guided-missile research 

and development 

facility, established in 

1940, offers excep-

tional opportunity for 

engineers and research 

scientists in the fields 

of guidance and con-

trol, information theory, 

computers, electro-

mechanical devices, in-

strumentation, and 

related aspects of elec-

tronic research. The 

Laboratory offers an 

ideal blend of aca-

demic and industrial 

environmeits and main-

tains a high level of 

technical competence. 

Attractive salaries are 

offered. 

A brochure describing 
opportunities and activilies 
at the Laboratory will be 
sent upon request. 

ION LABORATORY 

California Institute of Technolon 

A800 OAK GROVE DR., 

PASADENA 3, CALIFORNIA 

Electronic Data 
Processing syeerns 
For BUSINESS... 

ProJide an exciting new challenge for those with ingenuity 
and analytic ability. ENGINEERS, PHYSICISTS, MATHEMA-
TICIANS and PROGRAMMERS now have the opportunity to 
part cipate in the growth of a great new industry. Positions 
are open in research, development and application of: 

MAGNETIC 2,IFCUITS 

SEMI-C3NDUCTOR 

APPLICATIONS 

VACUUM TJBE CIRCUITS 

LOGICAL TECHNIQUES 

SYSTEM DESIGN 

PRODUCT DEVELOPMENT 

COMPUTER APPLICATIONS 

SYSTEMS ANALYSIS 

Personnel with ability in the above or allied fields are In-
v tea to submit a resume or write for an application. 
Recent and prospective college graduates with high scho-
lastic standing are also invited to apply. Training will be 
gAteri at full pay. Liberal company benefits and advance-
ment on merit are offered to those who would like to work 
and play in sunny Southern California. 

eMonal, WRITE TO DIRECTOR OF PERSONNEL 

The National Cash Register Company 
ELECTRONIC:S DIVISION 

.37:48 WEST EL SEGUNDO BOU_EVARD • HAWTHORNE, CALIFORNIA 

•TRROE WARE REG. U.S. PAT. OFF. 
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ELECTRONIC ENGINEERS 
PHYSICISTS 

MATHEMATICIANS 
Permanent positions in the Vitro 
Laboratories for career-minded 
men providing challenging assign-
ments in: 

Systems Studies Design 
& Evaluation 

Equipment Development 
Circuit Analysis 

in the fields of 

Underwater Techniques 
Guided Missiles 
Test Facilities 

Data Processing 
Instrumentation 

Ballistics 
Optics 

e For personal interview, contact our 
representatives at the Waldorf Astoria 
Hotel during the IRE Convention, March 
20 to 24. 

e Direct Transportation will be available 
for qualified applicants to visit the West 
Orange Laboratory. 

WEST 
ORANGE 

LABORATORY 
200 Pleasant Valley 
Way, West Orange, 

New Jersey 

SILVER 
SPRING 

LABORATORY 
960 Wayne Avenue 

Silver Spring, 
Maryland 

ARMAMENT 
TEST 

ACTIVITY 
General Del ivery 
Eglin AF Base 

Florida 

11 .1.mwiLatrer ABORATORIES 
DIVISION OF VITRO CORPORATION OF AMERICA 

electronic 

engineers 
applied 

physicists 
wanted to work in basic research and 
development for commercial and 
military applications. 
You will find 
unusual opportunities 
for rapid 
advancement 
and professional 
growth as part of a 
team of recognized scientists 
and engineers. 

Positions at 
all levels available 
for work in: 

For personal interview, 

send resume to 

• Advance pulse circuits 
• Digital system testing 

• Magnetic core techniques 
• Data conversion systems 
• Electronic packaging 
• Logical design 

• Semi-conductor circuits 
• Materials research 

MAGNAVOX RESEARCH LABORATORIES' 
2255 South Carmelina Avenue, Los Angeles 64, Calif. 

ELECTRONICS 

ENGINEERS 
TO COMPLETE OUR STAFF 

We need men with theoretical knowl-

edge or practical experience in: 

• Airborne and ground com-

munications. 

• Airborne electronic camera. 

• Test Equipment. 

• Electronic countermeasures 

equipment. 

• Active and passive radar. 

• Direction finders. 

• Electronic scalers. 

• Infra red detection equip-

ment. 

• Manufacturing equipment. 

• Antennas and accessories. 

• Television equipment. 

• Telephone equipment. 

• Teletypewriter equipment. 

Good steady employment in a firm 

that is gaining increased recognition in 

the technical publishing field. You will 

find it worth the time to check into this 

very substantial opportunity. If unable 

to have personal interview, send for our 

pamphlet "Our Service to Industry." 

CONTACT MR. ARTHUR PEARDON 

Manager 

PHONE LASSEL 7-0987 

BOSTON, MASS. 

CONTACT M. HUBERT KING, 

Chief Engineer 

PHONE ST. CHARLES 5510 

NtUON t 
TECHNICAL ENTERPRISES, INC. 

ST. CHARLES, ILLINOIS 

322A 
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What to See at the 

Radio Engineering Show 

(Continued front page 320A) 

Specific Products 

814 Audio Ave. 

Manufacturers of WWVR Re-

ceivers and Speed-Chassis. 

Spencer-Kennedy Labs., Inc., 257, 259 

Instruments Ave. 
New square wave generator and high speed 
oscilloscope as well as Continuous Variable 
filters. Wide band amplifiers. Pulse and square 
generators and a Community television syFtem. 

Sperry Gyroscope Company 

351, 353 Microwave Ave. 

Klystron tubes and microline 

test equipment. 

(Continued on Page 326A) 

ELECTRONIC ENGINEERS 
ADVANCE YOUR CAREER 

WITH A LEADER IN 

WESTERN ELECTRONICS 

An expanding program of: 

• research • development 

• production 

• specialized military 
equipment 

• advanced commercial design 

• real creative challenge 

Special receivers and trans-
mitters, DF and DME, various 
instruments and Transistor 
applications— special devices. 
Studies in noise, radar, minia-
turization and test equipment. 
Relocating expenses, good in-
surance plan, central location, 
steady advancement. 

Sud rasame to L D. Steams 
Wiserlag Emplamest Manager 

Ilo fman 
LABORATORIES, INC. 

(SUSSIDIARY OP NOIPMAPI RADIO CORP.) 

3761 S. HILL ST., LOS ANGELES. 
CALIF. 

e Creative engineering , 
Opportunities well Republic § % 

fiiiamics 

% d . % % % 
% Senior Computing Engineer n 
% Administrative and supervisory position with excellent op-

portunity in a rapidly expanding large-scale digital comput. 

%  % ing laboratory. Position involves important responsibility 
where knowledge of computing equipment and methods must 

% be utilized for maximum efficiency of total operation. Corn- r 
puting applications cover a wide range of complex technical 

% problems associated with supersonic aircraft, so that ability 
to develop effective liaison with engineering personnel is 

% essential. Suitable experience in a computing installation on d % a supervisory level is essential, along with sound mathematical 
background. 5 

% Senior Mathematician 
% 

% Outstanding opportunity for a person with real mathematical 
§ % ability. Here's your chance to build a firm professional back-

ground in Applied Mathematics by working with Engineers 

in the Mathematical formulation of complex problems for §% high speed digital computers. Dealing with the complex 
problems associated with supersonic aircraft is a real pro. %%  fessional challenge and the person w ith outstanding ability 
can earn rapid, solid advancement. An M.A. or Ph.D. in 

% 
% mathematics is required and computing experience desirable 

but not essential. % 

% % 

% 5 
§ % 
% Antenna Engineer 

%%  To conduct pattern studies, design prototype antennas and 
supervise flight tests of new antenna installations. College 

% 5 graduate in Physics, Math or E.E. 

% 

% Electronic Instrumentation Engineer 
% 

% Three to five years aircraft instrumentation experience re-
quired. Knowledge of transducers, amplifiers and recording 
equipment used in experimental research testing of hi-speed , 

% a 

jet aircraft is essential. Knowledge of servo loop theory as 
pplied to aircraft systems coupled with ability to properly 

% 
% instrument, record and analyze is desirable. Graduate with %% E.E. degree preferred. 

5 
% Please address complete resume, 

% 

5 
0 outlining details of your 

technical background, to: 

Mr. R. L. Bortner 
1 dministrative Engineer 5 % 5 r WEIFolreffireIrC ..11/I',1770/11/ 

FARMINGDALE, LONG ISLAND, NEW YORK 
If 

k weiL.,.b..1.imiii,7Lweitialob.• 

Research 
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OPPORTUNITIES 

111 
FOR 

111 

GROWTH 

111 
IN 

ELECTRONIC 

INSTRUMENTATION 

Industrial controls and automation 

Magnetic recording and memory devices 

Data processing systems 

Feedback electronic devices 

Transistor applications 

Analog and digital computers 

CLEVITE'S 

111 
NEW 

111 

RESEARCH 

CENTER 

111 
A FAST-

GROWING 

PERSONALIZED 

ORGANIZATION 

For interviews in New York 

March 21-24, during the Annual Show 

telephone 

E. A. Gentry, Personnel Manager, 

at Hotel Roosevelt; 

or write for new brochure. 

CLEVITE-BRUSH DEVELOPMENT CO. 

Division of Clevife Corporation 

540 East 105th St., Cleveland 8, Ohio 

ELECTRONIC 
FIELD 

ENGINEERS 
An outstanding 

opportunity awaits 

you in our nation-

wide ELECTRONIC 

COMPUTER and 

DATA HANDLING 

SYSTEMS program 

• TRAINING at our ex-
pense with full salary. 

• PERMANENT installation 
assignment, perhaps in 
your own locality. 

• HOUSEHOLD goods 
moved at our expense. 

• INSURANCE, PENSION 
and other liberal em-
ployee benefits. 

• INTERVIEWS arranged 
at our expense. 

Send written résumé to: 

REMINGTON RAND Inc. 
ERA DIVISION 
1902 W. Minnehaha 
St. Paul W4, Minn. 
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SENIOR 
PROJECT 
ENGINEERS 
• 

Top leadership qualifications 
together with previous 
management level experience 
are necessary for these rare 
opportunities with American 
Machine it Foundry 
Company in our Greenwich, 

Connecticut location. These 
are growth opportunities 
with AMF, one of America's 
foremost companies in the 
field of automatie machinery 
and electronics. Ages 
35 to 40. 

M.S. in E.E. 

10 years' experience in design 

and development of radar 

equipment; electrical and 

electronic equipment. 

JUNIOR 

PROJECT 

ENGINEERS 

We also require a number 
of engineers with: 

B.S. in M.E. or E.E. 

Ages 25 to 30; 3 to 5 years' 

experience. This experience 

should be in the same fields 

as required for ME's and 

EE's above. 

Security clearance will be 

required. 

Please forward 
complete 
resume to: 

Mr. T. N. Hunsbedt 

American Machine & Foundry Co. 
261 Madison Ave., New York, N.Y. 

A New Role for the 

ELECTRONIC ENGINEER 
Pioneering in 

Automatic Control 

The automation of industrial 
processes, the elimination of tedious paper 

work, the safeguarding of human lives and creative 
energy through split-second sensing, thinking and 
deciding machines that act with intelligence and 

discretion are part of the second industrial 
revolution that is changing the life 

and work patterns of us all. 

ECA's engineers are creating the automatic industrial 
controls, the electronic business machines, the digital 

and analog computers that are bringing this 
revolution into focus day by day. Until they can 

design a machine that can do it better, these 
engineers are encouraged to bend their best thoughts 

to this work in an atmosphere that allows for 
professional freedom, where there are open channels 

for the propagation of new ideas, where work 
executed with imagination is remembered, 

where there is opportunity to grow in the profession. 

As one of the leaders in this change, 
ECA is daily stretching out into new fields, 

and enlarging its interest in old ones. 
Nevertheless, the corporation rests on a sound base 

of well-established commercial products, 
which provide the ECA engineer with stability, 

and assure him of compensation 
on a high industrial pay scale. 

There are now a few positions open 
for electronic engineers with a 
good theoretical background and 
a few years' experience. Address all 
inquiries to: Mr. W. F. Davis, Dept. 706. 

ELECTRONICS CORPORATION 

OF AMERICA 

77 Broadway 

Cambridge 42, Mass. 

PROCEEDINGS OF THE I.R.E. March. 1955 325A 



...is this the kind of 

PERFORMANCE 
YOU NEED FROM RESISTORS 
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AVERAGE LOAD LIFE CURVE 40•C 

VICTGEEEN GLASS SEALED RESISTORS 

RX3 HI- VOLTAGE 10KV ( 100 MEG) 
!Xs HI-STABILITY 5 WATTS 11. 110 
RXS HI-STABILITY 10 WATTS (sox) 
axa HI- STABILITY ,,. WATT (MI 
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The performance of 
Victoreen glass sealed re-
sistors as indicated by 
this 1000 hour life-test, 
surpasses all expectan-
cies. If this performance 
is almost unbelievable, 
we invite you to dupli-
cate this test in your own 
laboratory. We will fur-
nish samples. 

The new Victoreen developed 
carbon resistors, encapsulated in 
inert, gas-filled, glass tubes pro-
vide high wattage dissipation or 
high voltage capacity with un-
usually high stability and long 
life. The high performance stand-
ards of these new resistors make 
them especially desirable in 
avionic, sonic, radar, computor, 
television circuits and other 
applications where quality is im-
portant. Victoreen should be 
your first choice of resistors. 

The Victoreen research staff are available 
to work with you on electronic problems. 

1 COMPONENTS DIVISION: 3813 Perkins Ave., Cleveland 14, Ohio 

Sprague Electric Co. 

WNW to See at the 

Radio Engineering Show 
(Continued from page 323A) 

247, 249 Instruments Ave. 

Ei.capsulated and Metal-Encased, Hermetical-
ly-Sealed Component Assemblies—Magnetic 
Shift Registers—Pulse Trans( ormers-125°C 
Subminiature Paper and Metallized Paper 
Capacitors — Telephone- Quality Electrolytic 
Capacitors—Power and Precision Wirewound 
Resistors—Film Resisl.irs—Pulse Forming 
Net winks- 110,f, rem e Fillers. 

Standard Coil Products, 790 Airborne 
Ave. 

See Kollsman Inst. Corp. 

Standard Electric Time Co., 632 Circuits 
Ave. 

Precision Electric Timers and Tachometers. 
Chrono-Tachometers. Stroh° Check Tachome-
ters. 

Standard Piezo Company, 540 Compo-
nents Ave. 

Presents display of: Precision Quartz Crystals, 
Color TV Crystals, Electronic Frequency Con-
trol Devices, Cadmium Sulfide Photocells, 
Photo Electric Devices Infra-Red Cells, Infra-
Red Devices, Automatic Headlight Dimmers, 
Deflection Yokes, Special Audio and Power 
Transformers, Microwave Communication Sys-
tems. 

Standard Pressed Steel Co., 115 Tele-
vision Ave. 

"Micro" socket screws, self-locking spring 
pins; also self-locking nuts, «eel work benches, 
cabinets, shelving, and other shop equipment. 

(Continued on page 328A) 

SAN DIEGO, CALIFORNIA 

ékilitoniciL 
for Communication, 

Measurement, aid Control 

Absolute DC Power 

Supplies 

DC Decade Amplifiers 

DC Microvoltmeters 

Meter Cclibrators 

AC Decade Amplifiers 

Micro-Mikers 

Logarithmic Atienuator 

Industrial Television Systems 

Broadcast Television Systems 

See these instruments at our 

booths 261- 263 at IRE Show 

REPRESENTATIVES IN 

ALL MAJOR CITIES 

WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEEDINGS OF THE I.R.E. March, 1955 



• OFFER 
• custom- console efficiency! • mass-production price! 

Lowell designed consoles offer every advantage. 
Equipment is well protected and all controls 
may be located for maximum comfort and con-
venience of the operator. There is a Lowell con-
sole model for any budget because of low, mass-
production prices. 

Handsome Lowell consoles are made of 18 
gauge steel with gray hammertone finish. Gray, 
heavy-duty linoleum top is an attractive feature 
that provides a comfortable, durable work sur-
face. There are models especially designed for 
use in airports, broadcast studios, manufactur-
ing plants, schools and similar applications. 

I HEARD ET ERYWIltRE 

• prompt delivery from stock! 

Included are: 

Small single turret console available with or 
without sliding drawers large enough for 16" 
transcription player. Designed for use in air-
ports or broadcast studios. (See small illus-
tration) 

4 ft. console with single shelf area. Equipped 
to handle one to two turrets; includes sliding 
phono drawer. Ideal for schools of approxi-
mately 15 rooms. (See large illustration) 

6 ft. console, with double shelf space in both 
right and left, for up to three turrets. Can 
serve schools of about 60 rooms. 

Write for complete data to 

MANUFACTURING COMPANY 
Manufacturer of famous Lowell " ear-level" sound speaker baffles, protective erclosuses a-d intercom equipment. 

3030 Laclede Stafion Rd., St. Louis 17, Mo., U.S.A In Canada: Atlas Radio Corp.. 
560 King St., West, Toronto, Ontario 
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One-Half the Size of a  
Standard BNC! 

ACTUAL 
SIZE 

NEW DAGE DM SERIES 
••• 

• weatherproofed and sealed 
• quick disconnect • vibration proof 

• mechanically rugged • withstand extreme temperatures 
• heavy silver plating 

• can be adapted to any miniature cable 

• requires no special tools for assembly 
• all general types available 

COAXIAL CABLE CONNECTORS 
•••• 

•••• 

.••••• 
«am. 

-- Ile «0 au.. 

•••• 

"BE SURE TO SEE DAGE DM SERIES, 
BOOTH 719, THE IRE SHOW!" 

Phone • Write • Wire for samples and detailed Information 

DAGE ELECTRIC COMPANY, INC. • BEECH GROVE, INDIANA 

o. 

a complete 
line of relays 

Eot.,40.TIC 
ANGELES CAL 
PAT 

EARLY 

DELIVERIES 

SUPER RUGGED 
Vibration 10 G's- 500 cps 
MIL R 5757B 

SUB-MINIATURE 
1 2 cu. in.- 12 OZ. 

HIGH CONTACT 
RATINGS 
5 amp., 24VDC, 115 VAC 
RESISTIVE 

SENSITIVE 
from .020 Watts 
HI-TEMPERATURE 
—65° to 200°C. 

FAST OPERATING 

TIME DELAY 

HERMETICALLY SEALED 

ALL TO MIL R 5757B 
SPECIFICATIONS 

Manufacturer's of High Precision Sub-Miniature 
Electro-Mechanical Devices 

ELGIN -NEOMATR, 

What to See at the 

Radio Engineering Show 

(Continued from page 326A) 

Steel Company, Herman D., 836 Audio 
Ave. 

Precision screw machine products, pinions, 
gears and components. 

Stelma, Inc., 690 Circuits Ave. 
`A portable telegraph distortion analyzer. Tele-
typewriter Regenerative Repeaters. Bias Test 
Sets. Receiver Carrier Telegraph. Electronic 
Ry Generator. Radio teletype telegraph moni-
tor. Teletype communications equipment. 

Sterling Transformer Corp., 99 Palace 
TRANSFORMERS AND CHOKES: Aircraft, 
Military and Industrial; Power, Audio, Filter 
Chokes. Class H molded and open transform-
ers. Transistor & R-F transformers. Saturable 
Reactors. Custom Transformers. 

Stevens Mfg. Co., Inc., 662 Circuits Ave. 
Miniature Bimetal Thermostats—snap or posi-
tive acting—open or hermetically sealed for 
electronic and avionic circuits. Also thermo-
stats for domestic and industrial appliances. 

George Stevens Mfg. Co. 

429, 431 Electronic Ave. 

Complete line of coil winding equip-

ment ''' featuring universal winder 

with adjustable width control and 

*external stator winder. 

Stewart Stamping Co., 615 Circuits Ave. 
Highspeed automatic metal stampings and 
wireformings for the electrical and electronic 
industry. Economic volume production meth-
ods. Automation our specialty. 

Stokes Machine Company, F. J., 84 
Palace 

"TV dolly for aluminizing black and white 
and color tubes using new high-speed Stokes 
"Ring-Jet" pumps. New Stokes "Ring-Jet" 
oil diffusion pumps. 

FOR LATEST DEVELOPMENTS IN 
CERAMIC PRODUCTS—Resistors, Titanates, Assem-
blies, Components; HERMETIC SEALS— Glass- to-
Metal and Ceramic-to- Metal, PRINTED CIRCUITS; 
KOVAR Glass-sealing alloy; THERMISTORS 

Visit Booth 866, 868 

Stupaleoff 
CERAMIC AND MANUFACTURING COMPANY 

LATROBE, PENNSYLVANIA 

Division of the CARBORUNDUM Company 

Dials . Panels . Scales 

689 CIRCUITS AVE. 
Sun Dial Corp., Caldwell, N. J. 

'Indicates new product 

328A 

A SUBSIDIARY OF ELGIN NATIONAL WATCH COMPANY 
9010 BELLANCA AVE. • LOS ANGELES 45. CALIF. • OR 8-3814 (Continued on page 330A) 
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, DON'T MISS 
SEEING I 

Mullard 

Solves Soldering Problems 
without the Use of Flux 

The new Mullard Ultrasonic Soldering Equip-
ment is now a successful industrial tool 
used in the tinning and soldering of metals 
such as: Aluminum, Germanium, Copper, 
Brass, Magnesium, Alclad Alloys, etc., 

without the use of flux! 

o 
Working with a vertical reciprocating action, 
holes of any shape and complexity may be 
produced in hard and brittle materials such 
as glass, ceramics, germanium, tungsten 
and titanium carbides, diamond, synthetic 

gems, etc. 

ULTRA 
SONIC 
50 WATT 
DRILL 

HIGH SPEED 
TUBE TESTER 
Automatic operation with punched card 
circuit condition selection. Clear indication 
on Cathode Ray tube. Needs no skill or ex-
perience in use. Covers small transmitting 
tubes and 1500 additional receiving tubes 
of world manufacture. 

An Interesting Display of 
MULLARD Meteorological Radar Sonde & Wind 
System, capable of arowing accurate measure-
ments at heights to 80,000 ft., will be shown in 
Theatre :_-2—DON'T MISS THIS IMPORTANT 
EXHIBIT! 

Mullard Mullard  

SPECIALIZED ELECTRONIC EQUIPMENT 

Ultrasonic Equipment • Communications 
Equipment • Electro-Chemical Apparatus 

Measuring Instruments • Radar 

Mullard Tubes 

HIGH STABILITY 
WITH THIS 
MINIATURE 
VOLTAGE 
REFERENCE 
TUBE 

Another 
FIRST 

by Mullard! 

85A2 
Short-term 

stability   0.1% 
Long-term 

stability  0.2% 
TUBE DATA 

Preferred quiescent 
current  6 mA 

Nominal operating 
voltage  85 V 

Operating current 
range 1 to 10 mA 

Max. A.C. resist-
ance  450 Ohms 

Base Small Button 
Miniature 
7 pin. 

Makers of the IMAGE CONVERTER, World's Fastest 
Electronic Device for High Speed Photography. 

• Voltage Reference and 
Stabilizer Tubes 

• Photocells 
• Decade Counter Tubes 
• Cold Cathode Trigger 

Tubes 
• Transistors 
• Image Converter Tubes 

• Electrometer Tubes 
• Rectifiers 
• High Fidelity Amplifier 

Tubes 
• Receiving Tubes 
• Special Purpose Tubes 
• Communication VHF and 

UHF Tubes 

COMMUNICATIONS 
For details of tubes in the Mullard range write to: r 

AT THE I.R.E. SHOW 
Theatre No. 2 INTERNATIONAL 

ELECTRONICS CORP. 
81 SPRING STREET • NEW YORK 12, N. Y. I 

TELEPHONE: WOrth 6.0790 

BOOTH 841 
Complete MULLARD Line 
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r MEASURE NOISE AND 
FIELD INTENSITY FROM 
150 KC TO 1000 MC-
WITH ONE METER! 
Quickly i• Accurately • Reliably 

TA/NE-105: 
150 K(-20M( 

T1/111F-1051 
2O-200C 

73/NF-105: 
400-l000m( 

11/NF-105: 

200-400MC Additional information and literature upon request 

Noise and Field Intensity Meter 
Model NF-105 
(Commercial Equivalent of AN/URM-7) 

Empire Devices Noise and Field Intensity Meter Model 
NF- 105 permits measurements of RF interference and 
field intensity over the entire frequency range from 150 
kilocycles to 1000 megacycles. It is merely necessary to 
select one of four individual plug-in tuning units, depend-
ing on the frequency range desired. Tuning units are 
readily interchangeable.., can be used with all Empire 
Devices Noise and Field Intensity Meters Model NF- 105 
now in the field. 

Each of the four separate tuning units employs at least 
one RF amplifier stage with tuned input. Calibration for 
noise measurements is easily accomplished by means of 
the built-in impulse noise calibrator. With this instrument 
costly repetition of components common to all frequency 
ranges is eliminated because only the tuners need be 
changed. The same components...indicating circuits, cali-
brators, RF attenuators, detectors and audio amplifier... 
are used at all times. 

Noise and Field Intensity Meter Model NF- 105 is accu-
rate and versatile, it may be used for measuring field in-
tensity, RF interference, or as an ultra-sensitive VTVM 
A complete line of accessories is available. 

Visit us at 252 Instruments Avenue, at the I.R.E. Show 

NEW YORK—Dlgby 9-1240 • SYRACUSE—STrocuse 24253 • PHILADELPHIA— 
SHerwtted 7-9080 • BOSTON—WAltharn 5-1955 • WASHINGTON, D. C.—DEcatur 
2-8000 • DETROIT — BReadway 34900 • CLEVELAND — EVergreen 2-4114 
DAYTON—FUlton 8794 • CHICAGO—COlumbus 1-1566 • DENVER—MAin 10343 
FORT WORTH—WEbster 8811 • ALBUQUERQUE 5-9632 • LOS ANGELES—REpublic 
2-8103 • CANADA: MONTREAL—UNiversity 6-5149 • TORONTO—WAInut 4-1226 

HALIFAX 4-6487 • EXPORT: NEW YORK—MUrray Hill 2-3760 

EMPIRE DEVICES 
PRODUCTS CORPORATION 

38-15 BELL BOULEVARD • BAYS1DE 61 • NEW YORK 

manufacturers of 

FIELD INTENSITY METERS • DISTORTION ANALYZERS • IMPULSE GENERATORS • COAXIAL ATTENUATORS • CRYSTAL MIXERS 

What to See at the 

Radio Engineering Show 

(Continued front rage 328A) 

Superior Electric Co., 101, 102, 103, 104 
Television Ave. & Production Rd. 

`Stabiline Automatic Voltage Regulator with 
no moving parts—no tubes—A New method of 
controlling light intensity of fluorescent lamps 
and standard Powerstat Variable Transformers, 
Stabiline Automatic Voltage Regulato-s, VarO-
cell DC Power Supplies, Voltbox AC Power 
Supplies and Superior S-way Binding Posts. 

Superior Tube Company 

825 Audio Ave. 

See the new Cathaloys. Also anodes, cathodes, 

disc cathodes, plus fabricated tubular part-. 

More than 1,009 sample, in over 55 analy‘, 

in tubing form ranging in size from .010" to 

21/2" in diameter. 

Surprenant Mfg. Co. 
729, 731 Airborne Ave. 

Miniature Teflon Coaxial cables; Extruded 
Teflon and Kel-f insulated wire, color coded 
in solid colors or striped colors on white 
background; Low temperature tubing and 
joekets; High temperature hook-up wires; 
wires for miniaturization; Complete range of 
obeli and cables for electronic and aircraft 
industry; Many types of wires and cables will 
broad temperature ranges and excellent elec-
trical properties, in standard construction or 
custom engineered. 

Sutton Publishing Co., Inc., 864 Audio 
Ave. 

EI.ECTRONIC EQUIPMENT is a monthly 
publication serving design-engineering and 
technical personnel in electronic manufacturing 
plants and industrial plants using electronic 
equipment. 

Swiss Jewel Company, 836 Audio Ave. 
Jewel Bearings—Sapphire Products. 

Switcheraft, Inc. 

135 Electronic Ave. 

ini-Plugs" ; s"Tini-las"; *Multiple sta-

tion push button switches; Miniature audio 

mixers; Adapters; Complete line telephone 

jacks and plugs; Switches—lever, push but-

ton and lever action types; Multiple switch 

assenib I ies; Cable assembliea. 

See why 
"It pays to 

specify" 

SYLVANIA 

•Indieates new product 

(Continued on page 332A) 
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Visit 

our 

complete 

display 

Booth 188 

SEE 
OUR 

8 
NEW 

TRANSISTOR 
BATTERIES 

1lSti 
bT tte 

EP672 

Der 111.114111( 4 

EP673 

GEHERM. 

Extrike' 
liteVISIS70e 

Eir e•IT,1145 ) 

TROUBLE-FREE 
low impedence* 

MERCURY BATTERIES 
for transistor circuits 

P 921 
eerier 

1411611mEnle°  
NO. 6_1 

IRANSISIC 

U . e 

*:11titAt 0.1r, 
'AMINES Ir 

'SO. 8.2 

UME8A11 
NANSIO 
SATTER BATTE 

No. 8.3 

:[ Erit¡t Oil 

4 TTERIES 114 

tlitiget IRANSISTOR 

;1111161 DI' 
41 118115 

General gives you a choice of 8 batteries, four mercury, from 
the RG1 to the B-3, made with General's exclusive non-shorting surge 
weld process. Four sizes in carbon-zinc batteries round out the line. 
Here is a transistor power supply, versatile to meet almost any re-
quirement, with proven performance. 

*Internal impedence of General's RG1 varies only from 
2.5 to 4 ohms throughout the service life of the battery. 

MERCURY CELLS . . . No's RG1, 1.3 volts; B-1, 2.6 volts; B-2, 2.6 
volts; B-3. 3.9 volts. Exclusive General construction prevents contam-
ination of chemicals and shorting . . . provides full guaranteed shelf 
and service life. ( RG1 guaranteed at full 1100 milliamp hours.) 

"N" SERIES . . . No's. EP-671, 1.5 volts; EP-672, 3.0 volts; EP-673, 
1.5 volts. These carbon-zinc, metal clad cells give over 50% of the 
service life of comparable mercury cells ... cost less than one-half and 
weigh 20% less. (400 milliamp hour rating on drains of 5 to 6 M/A.) 

EP-921 . . . This 1.5 volt cell gives outstanding performance in low-
drain transistor service. ( 2000 milliamp hour rating on drains up to 
6 M/A.) 

GENERAL 
DRY BATTERIES, INCORPORATED 
13000 ATHENS AVENUE CLEVELAND 7, OHIO 

Offices in Principal Cities 
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TYPE "E" TYPE "K" 

When you 
need them— 
as you need them . . . 

HIGH ENERGY, PRECISION 
ALNICO PERMANENT MAGNETS 
Experimental or 
production 
quantities 

Catalog upon request 

 grierIWWIrri— 
TYPE "FT" 

CURTIS 

TERMINAL BLOCKS 
for 

EVERY PURPOSE 
in Factory Assembled 

and Kit Form 

SEE THEM 

BOOTH 644 

Radio Engineering Show 
Kingsbridge Armory 
Bronx, New York 

March 21-24 

I ; 

raliLtlag 

TYPE "M" 

En3. •1! • 
G 0.fPg.le 

TYPE "MT" 

CURTIS DEVELOPMENT & MFG. CO. 
3234 North 33rd Street, Milwaukee 16, Wisconsin 

WE CARRY IN STOCK ALL SIZES, ALL SHAPES, ALL ALNICO GRADES 

N\•„ 
, 

PERMAG 
ENGINEERING 

PRECISION CUTTING 
PRECISION GRINDING 

MAGNETIZING 

, 

PERMAG CORP., 210 TAAFFE PLACE, BROOKLYN 5, N. Y. — Phone: MAin 2-0114 

SUBMINIATURE TRANSFORMER 
alumon"---

prO 

miegg 
Field tested—used with transistors by leading 

manufacturers in large quantities. 

FRANK KESSLER CO. 
41-45 47th St., Long Island City 4, N.Y. 

Tel: STillwell 4-0263 

SLUE le ji RED 

MAX. 1 

SLACK 

4 .25e! 

LEAD LENGTHS-4"LONG 

GREEN 

What to See at the 

Radio Engineering Show 

(Continued from page 330A) 

Syncor Products Co., 83 Palace 
Specialists in the fabrication of fused quartz 
in a wide variety of sizes and shapes in pro-
duction and research for electricity, chem-
istry, and physics. 

CsyNirtiAN  
SYNT HA N E CORPORATION 

OAKS, PENNSYLVANIA 

532 and 534 Components Ave. 
Synthane laminated plastics. Sheets, rods, 
tubes, and fabricated parts; molded-

laminated and molded-macerated parts. 
Hundreds of samples demonstrate the 

combined electrical, mechanical, physical 
and chemical properties of Synthane. 

Syntronic Instruments, Inc. 

621 Circuits Ave. 

Specialists in military or special 

yokes and focus coils designed to 
your spectifications. Production yokes 

for TV sets. 

Syrkus & Guttman, Inc., 713 Airborne 
Ave. 

See Associated American Trading Div. 

T.L.G. Electric Corp., 

58 Palace 

Introducing our *Mark I Oscilloscope—the 
only oscilloscope compositely-designed to 
embody all the features wanted by engineers 
—at the industry's lowest cost. Also on 
display will be our Model C-04 Synchroscope 
which has received wide acceptance in the 
field of high power pulse measurement. 

Taylor Fibre Company, 675 Circuits Ave. 
Electronic & Electrical Insulating Materials. 
Vulcanized Fibre-Laminated Plastics—Colored 
Polyester Glass Rod. Taylor also has facilities 
for fabricating these materials to your specifi-
cations. 

Tech Laboratories, Inc., 

656 Circuits Ave. 

*Vertical attenuators, R.F. at-

tenuators, *Switches, mobile 

power supply, etc. 

`Indicates new product 

(Continued on page 334A) 

IRE membership information: 
Kingsbridge Armory—center of floor 

Waldorf Astoria—Ballroom lobby. 
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YOU FURNISH THE PRINT, WE'LL FURNISH THE PART 

ille--1.1411111e11'11t111.11111.11."— 

'1A:et\A.° 
PROVERIeS Of SeIIHANE 

USED f Olt INIS Pei : 

0 

lensiie Strength (e tow Dieectec Constant 

0 Compress'‘ve Strength 0 insuirstion Resistance 

(3 Flexure Strength o MC Resistance 

0 Shear Strength 0  Heat Resistance 

0 Hardness li4 Good Mochii,com 

e

Impact fatigue (? Iherrnosetting 

(:3 %mood Strength 0 Vibration Absorption 

g Moisture Resislonce ...._/ 
e Good Dimensionie 

0
 Chernice Resistance Stability 

(3 Ugh% Wive 0 tow Thedrumctov% 

\-. Dieectric W ere Con iity 

(i low Dissipation Factor 0 ..44 e0 

CONTACT BLOCK 

5.000' .626 .626 
.62 

Wi)ŒZ7711 ; 

FART NO 

OF SYNTHANE LAMINATED PLASTIC 

SIZE 
F408 

WOO 
.999 

2.000 

8MM 

.260 
250 

/28 -130 DIA. .134 
(2 HOLES) .129 

SECT A-4 

MEETS MANY ELECTRICAL, MECHANICAL-REQUIREMENTS 

This contact block—for an electronic device—illustrates 
the rising demand for materials with many properties 
in combination. High dielectric strength, mechanical 
strength and dimensional stability are essential for the 
application; accurate machining is a must for proper 
mating of components. 

SYNTHANE CORPORATION, 8 River Road,Oaks,Pa. 

Please send me more information about Synthane laminated 
plastics and the Synthane fabrication service. 

Name  

Title  

Company  

Address  

City Zone State  

The customer supplied the blueprint; Synthane Cor-
poration did the rest—first producing the proper grade of 
material and then fabricating—accurately and without 
waste or delay. 
The more than 33 grades of Synthane laminated plastics 

offeryou a very wide range of properties in combination— 
physical, mechanical, electrical, and chemical. And good 
service and quality characterize Synthane fabrication. 
The coupon will bring you further information and 
technical data covering Synthane sheets, rods, tubes, and 
molded parts, and Synthane service. 

SYNIIIANe 

•- 1  

LAMINATED PLASTICS 

SYNTHANE CORPORATION • OAKS, P EKNSY LVANI A 
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Add New Authority and 
Usefulness to your Library 
with these McGraw-l-lill books 

1. TRANSISTORS: Theory and 
Applications 

JUST OUT! Provides both the theory and the practical 
knowledge of the properties and applications of transistors. 
Covers silicon and germanium transistors, manufacturing 
techniques, use in circuits, etc. By Abraham Coblenz, Tran-
sistor Products Co., and Harry L. Owens, Chief, Solid State 
Devices Branch, Signal Corps Engr. Lab. 313 pp., 115 illus., 
$6.00 

2. ALTERNATING-CURRENT 
and TRANSIENT CIRCUIT 
ANALYSIS 

JUST OUT! A modern introduction to funda-
mental concepts of practical steady-state a-c 
circuit analysis and transient analysis. Gives 
help on application of analysis techniques, and 
emphasizes applications and understanding of 
basic behavior of electrical circuit parameters. 
By Harris A. Thompson, Assoc. Prof. of Elec. 
Engr., Univ. of Colo.; Chief Engr., J. J. 
Monaghan Co., Denver. 317 pp., 240 illus., $6.75 

3. AUTOMATIC FEEDBACK 
CONTROL SYSTEM 
SYNTHESIS 

JUST OUT! An advanced development of 
feedback theory putting particular emphasis 
on synthesis of feedback control systems. 
Gives maximum use of the Laplace transform 
as a design tool, and reviews and unifies the 
mathematical background and basic theory 
forming the foundation for various analysis 
and design procedures. By John G. Truxal, 
Assoc. Prof. of Elec. Engr., Polytechnic Inst. 
of Brooklyn. 675 pp., 579 illus., $12.50 

4. ELEMENTS OF SERVO-
MECHANISM THEORY 

JUST OUT! A basic coverage of the ele-
ments of feedback control theory and nor-
mal methods of applying them. Emphasizes 
frequency response methods, and covers 
single loop systems with sufficient material 
on multiloop systems to introduce the 
problems involved and approach to solu-
tions. By George J. Thaler, Assoc. Prof. of 
Elec. Engr., U. S. Naval Postgraduate 
School. About 300 pp., 180 illus., $7.50 

5. ENGINEERING 
CYBERNETICS 

JUST OUT! Organizes the scientific prin-
ciples of control into an orderly system, in 
effect establishing a new branch of engi-
neering science, Engineering Cybernetics. 
Affords a new approach to the whole field, 
from conventional servomechanisms to very 
complex controlled and guided systems. By 
H. S. Talen, Daniel and Florence Guggen-
heim Jet Propulsion Center, Calif. Inst. of 
Tech. 375 pp., 153 illus., $6.50 

READ THESE BOO 

McGraw-Hill Book Co., Dept. IRE-3 

330 W. 42nd St., NYC 36 

Send me book(s) circled at right for 10 days' 
examination on approval. In 10 days, I will 
!emit for book(s) I keep, plus small delivery 
costs, or return book(s) postpaid. (We pay 
delivery costs if you remit with this coupon; 
same return privilege.) 

Tranustors 
1,1•ONV AND 

6. SERVOMECHANISM 
PRACTICE 

JUST OUT! Shows how to handle the prac• 
tical problems of servo design, manufac-
ture, testing, and adjustment, emphasizing 
bow to get the maximum performance from 
components. Gives you step-by-step design 
methods . . . trouble- shooting . . . testing 
procedures ... etc. By William R. Ahrendt, 
Pres., the Ahrendt Instrument Co. 341 pp., 
282 illus., $7.00 

7. MILLIMICROSECOND 
PULSE TECHNIQUES 

JUST OUT! An account of electronic cir-
cuits and devices operating in the milli-
microsecond range. Covers advances in the 
field . . . describes applications . . . and 
gives methods for better and more accurate 
results in your work. By I. A. D. Lewis, 
Sutior Scientific Officer, and F. H. Wells, 
Principal Scientific Officer, both of the 
Ministry of Supply, Atomic Energy Re-
search Establishment, Harwell, England. 
310 pp., 149 illus., $7.50 

8. CONTROL-SYSTEM 
DYNAMICS 

An exposition of the "Root Locus Method," 
of analyzing feedback control systems—in-
vented and developed by the author. Demon-
strates techniques for determining response of 
linear control systems. Each solution estab-
lishes a concept which permits a simpler tech-
nique to be applied to the next more compli-
cated problem. By W. R. Evans, North Ameri-
can Aviation, Downey, Calif. 282 pp., 282 illus., 
$7.00 

9. MODERN PHYSICS for 
the ENGINEER 

JUST OUT! Nineteen eminent scientists ex-
plore with you advances in basic physical sci-
ences on which tomorrow's engineering is 
being built. Covers the laws of nature . . . 
man's physical environment . . . and informa-
tion and its communication. Edited by Louis 
N. Ridenour, Vice Pres., International Tele-
meter Corp. 490 pp., 211 illus., $7.50 

KS 10 DAYS FREE -  

1 2 3 4 5 6 7 8 9 

(PRINT) 

Name   

Address   

City   Zone ... State 

Company   

For price and terms outside U.S.. Position   
write McGraw-Hill Int'l., NYC IRE-3 

What to See at the 

Radio Engineering Show 

(Continued from p,:ge 332A) 

TECH-MASTERG 
CORPORATION 
BROOKLYN, N. Y. 

121 MILITARY AVE. 
TV CHASSIS • TV KITS 

CONVERSION KITS 
UHF ADAPTERS 

HIGH FIDELITY AUDIO KITS 

Technical Materiel Corp., 449, 451 Elec-
tronic Ave. 

A new Communications leceiver & Trans-
mitter; Remote Control Receiver System; High 
Stability Oscillators; Frequency Shift Termi-
nal Equipment; Variable Frequency Carrier 
Systems; Amplifiers, Fewer Supplies and Mul-
ticouplers. 

Technicraft Labs., Inc., 828 Audio Ave. 
Matched magic tees, step attenuators, high 
power phase shifters, folded tees, mixers—a 
few of the "Firsts" to be shown along with our 
regular line. 

Technology Instrument 
Corp., 226, 228 
Instruments Ave. 

See TIC's *Miniature Multiturn 
Potentiometers, Pressure Transduc-
ers; Oscillographic Recorder, Z. 
Angle Meter, Phase Meters and 
Standards, all new. 

Techron Corporation, 44 Palace 
"America's Mo:.t Reliable Name in Printed 
Circuitry." Design and Production of printed 
circuits for Computers—Pulse Circuits—In-
dustrial Controls—Instrumentation—Automa-
tion. 

See 
si aria lei 

Seel& 
*Elm orbits 
Instree 

at booths 129,131 

Telechrome Inc., 181, 183 Television 
Ave. 

Color TV *3-V Color Film Chain, Color Flying 
Spot Scanner, Automatic Balance Controlled 
Colorplexer, Finest New Color Monitor. Newest 
Color and Monochrome Test and Measuring 
Equipment. 

Telechron Dept. of General Electric Co., 
446 Electronic Ave. 

"Telechron Timers and Motors." Featuring a 
look at the future in radio and TV timers. 

*Indicates new product 

(Continued on page MA) 

Follow the yellow lights to the industry's 

newest exhibitors in Eingsbridge Palace. 
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Model DV5113 Digital Voltmeter 
ACCURACY: 0.01% 

Invites you to SEE these NEW Instruments 

NEW! Direct Reading Digital Voltmeter 

• Simple, Instant, Accurate D.C. Voltage Measurements 

• Voltage Ranges Available from 1 Millivolt to 999.99 
Volts D.C. 

e Input Resistance in Standard Models 1000 Megohms 

• Internally Connected Standard Cell for Instant Calibration 

Available Features include: Automatic Polarity Indicator, 
Automatic Decimal Shift, Automatic Printout of Readings 

Ask for more Data—See it at the S ,L) w 

ELECTRO-INSTRJMENTS, P.O. Box S, Old San Diego Station, San Diego, Calif. 
Phone: Cypress 8-3555 

LABSCOPE, INC. Equal Amplifier, General Purpose, D.C. Oscilloscopes 

Models 115 and 115R 

• Equal "X" and " Y" Amplifiers. High Sensitivity, 3.5MV-
/IN, RMS 

• D.C. to 200KC Gaussian Response 

• 4000 Volts cn Anode No. 3 insures finer, brighter trace 

• Electronicall / regulated power sJpply—Spot drift under 
0.1 in. 

• Functionally grouped controls—Simple operation 

• Zero centered 20X sweep expansion 

• Price: Model 115 $375.00 Model 115R $395.00 

LABSCOPE, INC. 728 Garden Street Carlstadt, N.J. 

Model 115R LABSCOPE 

For the first time an oscilloscope designed especially 
'or rack mounting is offered in the Model 115R Lab-
scope. The panel height is only 83/4". Electrically, the 
Models 115R and 115 Labscopes are identical. 

As usual we'll also be on hand to greet you at the booths o4: 

• BRUSH ELECTRONICS COMPANY • HYCOR SALES COMPANY 

• CASCADE RESEARCH CORP. • LABORATORY FOR ELECTRONICS 

• DONNER SCIENTIFPC COMPANY • NARDA CORPORATION 

• ELECTRONIC MEASUREMENTS • ROGER WHITE ELECTRON 

COMPANY, INC. DEVICES, INC. 

• ELECTRO-PULSE, INC. • SERVO CORP. OF AMERICA 

• EMPIRE DEVICES PRODUCTS CORP. • SIERRA ELECTRONIC CORP. 

Ilullumq hum 
103 LAFAYETTE ST., NEW YORK 13, N.Y. TELEPHONE Dlgby 9-1240 

\Washington 9. D.C. \Valtharn, Mass. 
DEcatur 2-8000 Waltham 5-1955 

Jpper Ddrby, Pd Syracuse 2, N.Y. 
Sherwood 7-908D Syracuse 2-6253 

KINGSBRIDGE ARMORY 

KINGSBRIDGE PALACE 

WALDORF-ASTORIA NEW YORK CITY 

MARCH 21-24, 1955 
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NEW' "TINI-PLUGS" 
• and "TIN1-JAX FOR MINIATURE • 

RADIOS, TAPE • BY 
RECORDERS, ETC. 

Incorporating • 
the features of • 
"Littel-Jax" and • 
"Littel-Plugs" 
that have 
made them the 
preferred 
components of 
Design Engineers.• 

• 

• 
• 
• 
• 

viim-Ye-‘11N% 
COMPARATIVE SIZE 

"LITTEL- "TINI-
PLUG" PLUG" 

High grade insulation through-
out; one piece tip rod staked 
into tip terminal to insure 
tightness; terminals and body 
of plug interlock eliminating 
any shifting; available in black 
and red Tenite handles and 
Shielded handles. 

v«mx-Y,-"itgla.wt 
1332 N. Halsted St. 
Chicago 22, III. 
Canadian representative 

Atlas Radio Corp.. Ltd. 
560 King St. W., Toronto 2B, Canada 

Phone: Waverly 4761 

I 5 

"LITTEL- "TINI-
JAX" JAX" 

Switchcraft design eliminates 

probability of electrical shorts 

or change in adjustment; mat-

ing plug held firmly; springs 

of special alloy of nickel silver 

insure maximum spring life. 

Write for details 

See these and other 

NEW products at 

BOOTH No. 435 

RADIO ENGINEERING SHOW 
Kingsbridge Armory 

New York, N.Y. 

March 21-24 

High Potential Test Set!!! 

SEE US AT 

BOOTH 803 

(to 3,000 Volts) 

NON-DESTRUCTIVE 
• YOU SET THE CURRENT LIMIT 

(20 to 3,000 micro-amps) 
• USED FOR MILITARY CONTRACTS 

COMBINED WITH A MEGOHM-METER 

li Megohm to 10 Million Megohms) 

Write for Folder: 
"The Ultimate In Test Equipment" 

GENERAL HERMETIC SEALING CORP. 
97 East Hawthorne Avenue Valley Stream, New York VA S-6363 

•MFRS of Panel-Sealed Herrnetronic K-W Toggle Switches 

i lllllll s 

"DUPLICAN" 
Photo-Contact Process 

High Precision Markings on Flat 
and Irregular Shaped Materials 

Applications on Dials, Panels, Nameplates, 
to all Government Specifications 

ENGINEERING :VSD RESEARCH FACILITIES 

Etc. 

A COMPLETE SOURCE 

CANADIAN RADIUM & URANIUM CORPORATION 
630 Fifth Avenue N.Y. 20, N.Y. 

I.R.E. SHOW: 414 Electronic Avenue 

FOR 
HIGH FREQUENCY 

HIGH VOLTAGE 

SPACE SAVING APPLICATIONS 

GARDE 
Miniature & Sub- Miniature 

INSULATED STAND-OFFS, 

FEED THROUGHS & SPACERS 
Lliot  

#1il ft*1iit* 

Ih. 
HERMETICALLY 

SEALED HEADERS 

COIL FORMS 

\V,:t4 141 -Tt. 

tl ti 
tl 

MULTIPLE TERMINAL 
CONNECTOR HEADS 

t 

Ii 

BARRIER STRIPS 

Molded as a unit with Bus Bars 
require no insu lating backing. 

For users to properly assess 

the outstanding features and ad-

vantages of Garde Components. 

samples will be sent on request. A 

detailed technical catalog is now 

available. Be sure ycur name is 
on our mailing list. 

We have complete facilities to 

accommodate your special re-

quirements, ranging from Engi-

neering Consulting Service to Pre-

cision Design and Production. 

GARDE 
MANUFACTURING COMPANY 

MOLDERS or THERMOPLASTIC AND 

THERMOSETTING MATERIALS 

588 Eddy Street, Providence 3, Rhode Island 
Sales Representatives in Principal Cities 
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What to See at the 

Radio Engineering Show 

(Continued from page 334A) 

See the TFM-186 
FREQUENCY METER 

52 Palace 
TELERAD 

1440 BROADWAY, N.Y.C. 

Tele-Tech & Electronic Industries, 642 
Circuits Ave. 

This TV-electronic engineering magazine pub-
lished by Caldwell-Clements, Inc. is exhibited 
in blown-up form in a display which also in-
cludes Tele-Tech supplements, maps, charts, 
directories, etc. 

Teletronics Laboratory, Inc., 302 Com-
puter Ave. 

Fast Rise Pulse Generator, •Millimicrosecond 
Pulse Generator, Double Pulse Generator, Elec-
tronic Switch Diode Test Instrument, Constant 
Current or Constant Voltage Power Supply, 
Push Button Test Oscillator. 

Tel-Instrument Co. Inc., 256, 258 Instru-
ments Ave. 

"New unitized plug-in Distribution Amplifiers 
for Video, Color Burst and Color Sub-carrier, 
10 mc Video Sweep Generator equipped with 
10 pulse type crystal markers, single and 12-
channel Transmitters (Color and B&W), NTSC 
and TV Test Equipment." 

Telreir, Inc., 26 Palace 
Antennas for Amateur and Exacting Commer-
cial Service, includes multi-element Rotary 
Beams, directional wide band systems, spaced 
arrays, screen and corner reflectors, verticals 
and coaxials. 

BOOTH 715 AIRBORNE 
AVENUE 

Environmental simulating chambers 

used for moisture resistance cycling. 

cold testing, altitude testing. 

humidity cycling, etc. • 

0 ENGINEERING INC. 

1090 SPRINGPIELD ROAD. UNION N J 

PIant• Union. N. J iond 0.11.more. Ma 

INSULATED WIRE CO • INC 

641 CIRCUITS AVENUE 

SUPER- FLEXIBLE, MINIATURE 

TEFLON INSULATED 
WIRE and CABLE 

Teflon, Nylon, Vinyl, MIL — Hook- Up Wire 

Tetrad Company, Inc., 807 Audio 
Diamond Phonograph Needles. 

'Indicates new product 

(Continued on page 340A) 

Ave. 

IRE membership information: 
1CIngsbrIdge Armory—center of floor 
Waldorf Astoria—Ballroom lobby. 

Engineer assembles pulse system 
in 30 minutes, using Burroughs 

"do-it-yourself" units 
Standard, matched units, performing basic functions, connect 
together to form even the most complex pulse systems 

1. START 
Engineer studies time chart 
of the desired pulse sequence. 
This is the output he wants 
the pulse system to produce. 

PLANNING 

2. THE SYSTEM 
He determines which 
Burroughs units he needs 
and how they should be con-
nected together. This can be 
done by means of a simpli-
fied block diagram. Time: 
10 minutes. 

ASSEMBLING 

3- THE UNITS 
Using standard coaxial 
cables, he completes his 
pulse system by connecting 
the units together according 
to his block diagram. Time: 
20 minutes. 

4. JOB COMPLETED 
System now produces the 
exact pulse sequence desired. 
Engineer saves weeks of 
breadboard engineering, 
vital time, uncertainty, and 
considerable equipment cost. 
And his Burroughs 
"Unitized." pulse handling 
equipment can be used over 
and over again on different 
future projects. 

GET THE FACTS 

No matter how complex the pulse sequence you need, you can 
produce it quickly and at relatively low cost with Burroughs 
"Unitized" pulse handling equipment. If you prefer, send us a 
timing diagram of the pulse sequence required, and we'll advise you 
what Burroughs units you need and the cost. Immediate delivery 
from stock. Write Burroughs Corporation, Electronic Instruments 
Division, Dept. 11 C» 1209 Vine St., Phila. 7, Pa. 

ELECTRONIC INSTRUMENTS DIVISION 

r  ro O 

FIRST IN PULSE HANDLING EQUIPMENT 
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GRAYHILL Switches • Test Clips • Molded Plastic Parts 

Grayhill Rotary Tap Switch 
SERIES 3000 

For Special Circuit Combination Applications 

Available 1 to 12 
decks, 2 to 11 contacts 
per deck. 
A rugged index ac-

tion assures rotor con-
tact coming to rest 
at next position once 
thrown past center. 

Diameter of switch 
3- 1/2" 

Rated-20 amps., 115 
v., A.C., non- inductive 

Grayhill Miniature Tap Switches 
SERIES 5000 

For Commercial Applications 

Available 1 to 6 decks-2 to 10 
contacts per deck. 

Shorting ( make before break) 
or Non-shorting ( break before 
make). 

Switch rotates 360° with 10 
positions— stops provided with 9 
or less positions. 

Bushings, 14" long-3/4 " 
—32 thread 

Diameter of switch 
1-1/32" 

Rated to break-1 
amp., 115 v., A.C., 
non- inductive. 

To carry-5 amps., 
115 v., A.C. 

SERIES 12 
For Military Applications 

Available 1 to 6 decks-2 to 10 
contacts per deck. 

Shorting ( make before break) or 
Non- shorting ( break before make). 

360" rotation with 10 positions 
—stops provided with 9 or less 
positions. 

Bushings, 14" long-3/4 "-32 
thread 

Diameter of switch 1-1/32". 
Rated to break-1 

amp., 115 v., A.C., non-
inductive 
To carry-5 amps., 115 

v., A.C. 

SERIES 24 
Positive Detent Action and 

better feel for precision re-
quirements. 

Available 1 to 6 decks-2 to 
10 contacts per deck. 

Shorting ( make before break) 
or Non-shorting ( break before 
make). 

360" rotation with 10 positions 
—stops provided for less than 
10 positions. 

Bushings, 14" long-3/4 "-32 
thread 

Diameter of switch 1-1/32" 

Rated to break-1 amp., 115 
v., A.C., non- inductive 

To carry-5 amps., 115 v., A.C. 

Grayhill Push Button Switch 
SERIES 2000—Snap Action 

For Manual Operation 

Audible click when actuated 
Momentary contact, single pole, 

single throw type. 
0.D.-7/8" dia. x 1-59/64" high 
Bushings, 7/16" long-15/32"-

32 thread 
Rated- 10 amps., 115 v., A.C., 

non- inductive 
1 amp., 115 v., D.C. 
Rated Life—Approx. 50,000 op-

erations 
No. 2201—Normally open 
No. 2202—Normally closed 
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all close
 d 

SERIES 23 — Miniature, Momentary 
Contact 
Momentary contact, single pole, 

single throw 
O.D. 1/2 " dia. x 1-3/64" high 
Bushings, 1/4" long — 5/16" — 32 

thread 
Rated-14 amp., 115 v., A.C., non-

inductive 
Rated Life—Approx. 500,000 opera-

tions 
No. 23- 1—Normally open 

Grayhill Test Clips 
SERIES 16—Completely insulated, 

alligator type 
Even hinge pin is insulated. 

Low contact resistance 
(approx. .0015 ohm)—.008" 
silver overlay on contact 
surfaces 
Terminals—silver plated 

Finger grips—molded phe-
nolic 

SERIES 2 

No. 2-2—Plug-in Adapter for 
equipment employing 34" 
jack centers. 

Clips—Cadmium plated 
Plugs—Nickel plated 
Base—General purpose 

phenolic electrical 
grade, per Mil- P-14 
type CFG. 

No. 2- 1— 
Banana 
Plug 

No. 2-0— 
Threaded 

Stud 

Grayhill Molded Plastic 

rs 
Coil Form 

Terminal Board 
Mica Filled 
E-4 Powder 

Insulated_.1 - 
Washers 

Thermo-
Setting 

Thermo- Setting 
Germanium 

Crystal Holder 

Parts 

Thermo- Setting 
Stand- oft 
Insulators 

easm.ivrarvÀiff 

501 Hillgrove Ave., La Grange, Illinois 

Phone: Fleetwood 4-1040 

See us at the I.R.E. Show—Booth 143 

/10teteuee 
NEW LOW PRICES 
MAKE AVAILABLE 
GROWN JUNCTION 
RF TRANSISTORS 
for use in New Fields! 

TETRODE TYPE 

I  Available from local distributor stocks: 

1. No change with age 
2. Greater power gains 
3. Hermetically sealed 
4. No temperature hysteresis 
5. Ic. lowest available 
6. Better frequency response 

REPRESENTATIVE APPLICATIONS 
D. C. amplifiers, mulitivibrators and 

high speed switches, pulse amplifiers, 

radar timers, computors, radio re-

ceivers, transmitters, etc. 

C 
GERMANIUM 
PRODUCTS 

CORPORATION 
28 CORNELISCN AVENUE 

JERSEY CITY 4, NEW JERSEY 
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Enclosed 
Relay Rack 

Speaker Panel 

Door Panel 

SEND FOR COMPLETE 

NEW CATALOG 

PREMIER 
METAL PRODUCTS CO. 

ONE SOURCE FOR ALL 
YOUR METAL HOUSINGS 

Front Door 

Vertical 
Panel Chassis 

Desk Panel 

Blank Panel 

Bottom Plate 

Grille Panel 

Roller 'frock 

PRECISION•BUILT METAL HOUSINGS 
DEPT. I 3160 WEBSTER AVE., N. Y. 67, N. Y. 

HIGHEST STANDARDS 
TOP QUALITY! 

COSMIC 
"CONDENSER SPECIALISTS SINCE 1923" 

ELECTROLYTIC 
AND PAPER TUBULAR 

CONDENSERS 
For A.C., D.C. Sets- Phonographs 

etc. 
COSMIC CONDENSER CO. 853 Whittier St., Bronx, N. Y. -Phone LU 9-3360 

BOOTH 844 AUDIO AVE. 
Has the GREATEST IMPROVEMENT 
in Multi- Color, Anodized FOIL 
NAMEPLATES In History. 

Be sure to get your Free Samples. 
Wee74/54~, NAMEPLATE INC. 

What to See at the 

Radio Engineering Show 

(Continued from page 337A) 

S wore% BOOTH 796 
• „ Broadcast Way 

`3, .1 SILICON AND GERMANI-
14•510 4e UM TRANSISTORS AND DIODES 

SUBMINIATURE TRANSFORMERS AND 
CONDENSERS • RECORDING MILLIAMMETERS 

TEX AS INSTRUM ENTS 
NC01.1•011 AZ 0 

6000 LEMMON AVE. DALLAS 9. TEXAS 

Thermistor Corporation of America, 850 
Audio Ave. 

•New wafer type therrcistor has advantages 
including higher power handling. Temperature 
sensitive resistors ( thermistors) of all types. 
Design service to solve temperature compensa-
tion problems. 

Thomas Electronics, Inc., 773, 775 Air-
borne Ave. 

Aluminized Monochrome and Color Cathode 
Ray Picture Tubes-21" low deflected, reduced 
diameter neck, Monochrome Picture Tube—•21" 
rectangular Color Picture Tube. 

Thomas & Skinner Steel 
Products Co. 

304 Computerr Ave. 

Permanent Magnets Alnico 5Cb. 
Orthosil wound "C" and toroidal 
cores. Orthosil transformer lamina-
tions with watt and VA specifica-
tions. 

Thompson-Bremer & Co., Subsidiary of 
American Machine & Foundry Co., 
106, 108, 110 Television Ave. 

See the exclusive design features of "Ever-
lock" lightweight, low-cost, lock-nuts, termi-
nals, lockwashers, providing vibration-proof, 
stronger, positive grip. Standard and special 
order units. 

Thompson Products, Inc. 

471-475 Electronic Ave. 

See our latest eshib:t outlining our 'new 
designs in waveguide. cositial, sensing, and 
rotary selector switches. Also, we are show-
ing wavemeters, rectangular and polar re-

corders. 

BOOTH No. 334 

Computer Avenue 

NEW! EPDXIDE BOBBINS 
for HERMETICALLY SEALED RESISTORS 

A complete display cf STEATITE INSU-
LATORS including bushings, bobbins, 
stand- oils, machined and metalized 
components for electronic and electri-
cal applications. 

THOR CERAMICS, Inc. 
225 Belleville Ave.—Bloomfield. N. J. 

214-27 NORTHERN BLVD. BAYS1DE, NEW YORK PHONE BAYSIDE 4-4000 

340A 

'Indicates new product 
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What to See at the 

Radio Engineering Show 

Times Facsimile. Corp. 

886 Audio Ave. 

Preci,f on fork frequency generators; 

Constant angular velocity syncluo-
nous motors; Optical systems for 
single point recording or pick up: 
Tube clamps. 

Tinnerman Products, Inc., 643, 645 Cir-
cuits Ave. 

Displaying hundreds of electronic components. 
sub-assemblies, chassis, etc. Demonstrating 
high quality, low-cost attachments with speed 
nut brand fasteners. Also special fasteners cre-
ated for miniaturized program. 

Torngren Company, Inc., C. W., 11 Pal-
ace. 

Reflectors, mechanical antenna components 
from new plastic-and- metal sandwich construe. 
lion aluminum, magnesium, steel. 

Tracerlab, Inc., 317 Computer Ave. 
RG-5 Light Materials Beta Gauge for si- cet 
process control and a complete line of nuclear 
instrutnents, including a unique in  
ut ii- Pie. 

'had Television Corp. 

688 Circuit. tse. 

,nlard RV Signal tjerterator- Standard 
\ 111' Signal Generator- Portable Pulse Ogril-

loseope - Preriaion HF Slip -1,ttennator, 1000 

mr-12.position Coaxial Soit -h. 1000 
oonnerror Crystal Deli... tor Moil nt. 1000 me. 

Transformer Engineers, 288 Instruments 
Ave. 

Designers and Manufacturers of Transformer:.. 
Chokes, and Filters. 

Tran5itron 
Electronic Corporation 

580 Components Avenue 

SILICON POWER RECTIFIERS 
FOR 135°C OPERATION 

• Transistors 

• Gold Bonded Germanium Diodes 

• Silicon Junction Diodes 

Tresco, 654 Circuits Ave. 
*Golden Line Transforms—guaranteed perform-
ance with complete engineering data. Also 
custom-engineered transformers for MIL-T-27, 
Class H, Miniature, Magnetic Amplifiers, 
Pulse, Audio, Power, other applications. 

(Continued on page 343A) 

FIRST AID ROOM 
A nurse is in charge at all times. First Aid 

Room is the sixth room to right of Lobby 

directly off registration area in Kingsbridge 

Armory. 

7 good reasons For specifying 
MEPCO Precision Resistors 

o 

e 
o 
o 
o 

Crossover wire insulated from each winding by 2000v. 
insulation (patented). 

Special metal molded connecting feature, which bonds end 

of winding and terminal in a non-corrosive and mechanically 
secure manner—no solder or flux used. 

Reversed and balanced Pl-windings for low inductance, with 

use of only the finest resistance alloys. 

Impregnated with approved fungus, moisture and salt water-
proofing compounds. 

JAN approved non-hydroscopic steatite bobbin, specially 

treated prior to winding in order to provide additional pro-
tection for fine enameled wire. 

Protective fungi resistant acetate label. 

Rigid hot solder coated brass terminals for easier soldering. 

MEPCO, INC., 

MORRISTOWN, NEW JERSEY 

PROCEEDINGS OF THE ¡ RE. March, IPS5 
Booths 439-441 Electronics Ave., Radio Engineering Show 
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How to CUT 
Development Time And Costs 

Exclusive I-S Services for Electronic Design Engineers 

Product development costs frequently become excessive—both in time 
and dollars. This can be critical in a fast-moving industry like elec-
tronics, where today's preliminary drawing is on tomorrow's produc-
tion-line. Hastily-conceived short-cuts are not the answer. Essential 
prototype-testing should not be by-passed—production standards should 
not be down-graded to compensate for development overhead. Many 
leading manufacturers have found I-S service of value in overcoming 
these ever-present headaches confronting the design engineer. 

Put these I-S services to work for you, now ... 

Instrument Specialties 
Co. Inc. 

342A 

232 BERGEN BOULEVARD 

LITTLE FALLS, NEW JERSEY 

Telephone tittle Falls 4.0280 

1. 1-S ENGINEERS MICRO-WAVE KIT 

The new enlarged kit containg 15 circular contact 
rings and 10 finger contact strips, 12"-16" long. 
All jig-hardened beryllium copper, cleaned for 
soldering. Used for tuning slides, tube sockets, 
grounding and bonding components. Available 
from stock, order by catalog number 97-270. 

2. I-S SHORT-RUN SERVICE 

For pilot runs and regular small-production on 
beryllium copper springs—instead of costly "spe-
cial orders". Checks your design against produc-
tion tolerances — assures prototype reliability — 
speeds transition to full production. 

3. 14 CONTIPS 

Beryllium copper contact strips and rings (spher-
ical radii) with localized deposit of silver for 
high-frequency applications where mechanical or 
electrical wear is a problem. Retains peak spring 
perfoxmance. ideal for miniaturization. 

4. I-S ENGINEERING 
I-S' specialized abilities in manufacturing prob-
lem springs and electronic components are avail-
able to your designers. This usually results in 
substantial cost reduction. 

S. I-S EXCLUSIVE PRODUCTION TECHNIQUES 

Exclusive I-S methods and patented equipment 
can produce a better spring or contact . . . 
faster, at lower cost—and usually to a higher 
performance than specified. 

6. I-S NEW CATALOG No. 9 

Our latest Catalog is in Sweet's Product Design 
file—but we'll be glad to send you an additional 
copy for your own personal file, if you desire. 

WHEN WRITING TO ADVERTISERS PLEASE MENTION — PROCEED 

Decalator Model 100 
Crystal-Controlled Signal Geaerator 
• Decade Switching with continuous Inter-

polation 
• Crystal Accuracy 
• Wide Range Calibrated Output 

SPECIFICATIONS 
Nance. 10 kv to 1.5 inc; Steps, 1 he in 3 decades: 
Interpolation, Calibrated 11-1 kr; Accuracy. Pin 
ens: Short Term Stability. -± 5 epe; Harmonic Con-
tent, 1% maxi lllll in: Ontliui• :1 volts rum. 8 . ; At - 
tenitator. 3v- lv -11.3v - - full scale: 
Meter, Calibrated 0-1 and 0-:tv; Price. $995. 
Caldwell, N.J. 

Sweepalator Combined 
Signal and Sweep Generator 

• Decade Switching 
• Crystal CW or Center Frequencies 
• Wide Range Calibrated Output 

SPECIFICATIONS 
Range, lii hi to 1.5 ine: Steps, 1 kv in 3 derailes: 
Interpolation. Calibratts1 o-1 kr; Aecuracy. 100 
cps; Harmonic Content, 3% maximum; Output. 3 
molts r.m.c.: Attenuator. 3v- lv - 0.3v-0.1v - 0.03,11.01, 
full scale; Meter. Calibrated 0-1 and 0-3; Sweep 
Width, 0 to ±7.5 kv. rxcept -±5 kG s-low 25 In.; 
Price $ 1.095. f.o.b. Caldwell. N.J. 

For Complete Information, write: 

Decade Instrument Co. 
Box 153 Caldwell, N.J. 

WIRE STRIPPING: Your jobs 
are peculiar to your own business and 
may be governed by such variables as 
kind and size of wire, what you use it for, 
your production requirements, and other 
similar factors. 
So we may serve you promptly and 

efficiently, tell us what you are now doing 
and your hopes in the way of improved 
quality, increased production and lower 
costs. 

Illustration shows a MODEL "D-1" Two-
Wheel Stripper, which is but one of the many 
different types of machines made. This one uses 
11/4" diameter stripping wheels and is ordinarily 
used to strip any type of Film Insulation from 
wires in the range of AWG #25 to AWG #44. 
A wide variety of stripping wheels are available, 
made from FybRglass and Brush Wire, all de-
signed to provide economical service. 

This particular machine is only $ 156.25, 
f.o.b. Syracuse, exclusive of stripping wheels. It 
is available on a Test-Rental Plan or may be 
purchased omit of savings over a ten month 
period. 

For a confidential report containing our 
recommendations, send samples and complete 
information to 

Rush Wire Stripping Division 
The Eraser Company, Inc. 
1060 South Clinton Street 
Syracuse 4. New York 

1NGS OF THE I.R.E. ,Ilat1.11, /9.15 
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the ANSWER to 
greater flexibility and simplification 

of installation — a combination 
Photo- Electric Control & Beacon Flasher 

1" Conduit Tap 

Split- Bolt Type 

Connectors 

Mercury 
Tat-Switch 

II - Photo-Tube Head 
May Be Turned 

V " Conduit 

Mercury Plunger 
I" Conduit Tap line Relay 

Model LC 2074 Tower Lighting 
Control Unit 

Three Models: for two, three, four, 
and five light level categories. 

Models LC 2072 and LC 2073 provide for 
alternate flashing of two beacon levels. 

Write for Bulletin IIPS-135 

HUGHEY & PHILLIPS, INC. 
Manufacturers of 

300MM Code Beacons, Olmtruction Lights, 
Photo- Electric Controls, Beacon Flashers, 
Microwave Tower Control & Alarm Units, 

Remote Lamp Failure Indicator Systems, 
and Complete Tower Lighting Kits. 

3300 North San Fernando Blvd. 

BURBANK, CALIF. 

What to See at the 

Radio Engineering Show 

(Continued front page 34IA) 

427 ELECTRONIC AVE. 

YRIAb 
TRANSFORMER CORP 

Displaying the 
COMPLETE 
line of quality 
transformers 

...chosen by makers of high quality 
equipment everywhere. 

Triplett Electrical Instrument Co., 217, 
219 Instruments Ave. 

Note to Engineers and Designers. See the new 
style Triplett meters. They will add new appeal 
to your product. *Multirange meter for engi-
neers with 70 ranges. 

Tm -Ohm Products Division 

Model Engineering & Mfg. 

444 Electronic Ave. 

1 full display of vitreous enamel 

resistors, silicone coated resistors and 
power rheostats. 

(Continued on page 344A) 

OPEN for 
Switch or Relay 

LINE 
Aggressive and experienced rep-

resentatives to the electronic 

jobbers and industrial in North-

ern Ohio. 

WRITE 

PHILIP & SON COMPANY 

316 Marion Bldg., 

Cleveland 13, Ohio 

SUperior 1-1855 

Will attend IRE Show March 

21-24. Check Bulletin Board for 

hotel. 

PROCEEDINGS OF Till? 1055 
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HPTL 2000 

This is only one of our 
40 different types of High 

Power Dummy Loads (Wave-
guide & Coaxial). Write for Com-

plete Catalog. 

• 

• L BAND Waveguide TERMINATION 
e. SEE US AT 
• THE IRE SHOW 

: BOOTH 
: No. 384 
e: ELECTRO 
• 

• • 

CHARACTERISTICS 

VSWR 
Power Dissipation 

Waveguide   
Flange 
Weight 
Length   

1  15 .9-1.7 KMC 
2000 watts average 
in still air 
6.66" x 3.41" 

 UG417/U 
65 lbs. 
40 inches. 

continuously 

IMPULSE Laboratory 
62 WHITE STREET • RED BANK, N.J. • Phone: Red 

eeeeeeeee • • OOOOO 

METER-RELAYS 

For Sensitive and Accurate Control 

%."'•  
Model 26I-C Range 0/200 D.C. 
Microamperes Price $33.00 

RANGES: 

0/20 Ua. to 
0/50 A. 

0/5 Mv. to 
0/500 V. 

The trip point 
is adjustable to 
any point on 
the scale arc. 

These meter- relays are sensitive to 
changes of as little as 1%. One con-
tact is carried on moving pointer. The 
other is on a semi-fixed pointer. When 
two pointers meet contacts close and 
lock. Holding coil is wound directly 
over moving coil. Reset can be man-
ual or automatic. Spring action in 
contacts kicks them apart forcefully. 
Three sizes of clear plastic case models, 
21/2, 33 and 4','2 inches (all rectangular). 
Two ruggedized and sealed models, 
212 and 31/2 inches ( round metal cases). 
Contact arrangements: High Limit Sin-
gle, Low Limi, Single or Double (both 
high and low). Contact rating is 5 to 
25 milliamperes D.C. 
Suggested circuits for meter- relays and com-

plete specifications induding prices are cov-
ered in new 16-page Bulletin G-6, which you 
can get by writing Assembly Products, Inc., 
Chesterland 2, Ohio, 

Booth 311. I.R.E. Show. March 21-24 

Bank 6-0404 

• • • OOOO 

printed 
1 circuits 

Write for bulletin 

"laboratory quality at 

mass production cost" 

covering basic printed 

circuit design and pro-

duction information. 

Specialists in advanced 

Circuitry design and 

production. 

rioted circuits, inc. 
BLOOMFIELD, CONN. 

What to See at the 

Radio Engineering Show 
(Continued from toge WA) 

Truscon Steel Division, Republic Steel 
Corp., 327 Computer Ave. 

Radio Towers for AM, FM, TV and Microwave 
Systems. 

Tung-Sol Electric Inc. 

716 Airborne. .tNt`. 

Will show the latest color Tv pic-

ture tube, semiconductors, electron 
tubes for special purposes and enter-
tainment, relays and dial lamps. 

U.M.&F. Mfg. Corp., 86 Palace 
Circuit building devices: SEEZAK Circuit As-
sembler for breadboarding, SeeZak Expandable 
Chassis for prototypes, SeeZak Bench Rack. 
"Pegboard" for printed circuit prototypes, 
"Preto" an- in solder terminals. 

See a complete display 
of Hermetically Sealed 
& Miniature Thermostats 
8. Time Delay Switches at 

BOOTH 834 

ter GEORGE ULANET COMPANY 
411 1E Market St, Newark, N.1. 

Underwood Corp., 801 Audio Ave. 
See Electronic Computer Div. 

Unimax Switch Division, The W. L. 
Maxson Corporation, 620, 622, 624 
Circuits Ave. 

See W. I.. XLI sson C(Erp. 

Union Carbide & Carbon Corp., 527, 529, 
531 Components Ave. 

See National Carbon Co 

Union Plate & Wire Co., 403, 405 Elec-

tronic Ave. 
See I). E. Makepeace Co. 

Union Switch 8: Signal Div. 
Westinghouse Air Brake Co. 

112, 114 Television Ave. 

Relays; Copper Oldie and Selenium Recut, 

ers; Carrier Type Communications and Con. 
trol Equipment; Railroad, Aircraft, Pipe Line, 
and Vehicular Traffic Control Systems; Elec. 
Ironic Simulator-Type Training Devices. 

Unisco. Inc., 357 Microwave Ave. 
See Miller Dial & Name Plate Co. 

United-Carr Fastener Corp., 613 Circuits 

Ave. 
Vibrator grounding clamps, lamp sockets, tee-
nuts, plug buttons, spacer sleeves, trimounts, 
mounting feet, snap- in nuts, palnuts, coil form 
fasteners. 

(Continued on ',age 3444) 
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II MM. 11 

simplify 

custom 

installation 

The 4200 4200 Sound Effects filter and 
4201 Program Equalizer are now avail-
able in component form, as illustrated, 
for the custom builder. 

In addition to the flexibility of instal-
lation, all the features and character-
istics of the standard models are 
retained. 

The high and low sections of either 
model may be obtained separately. 
Complete wiring instructions included. 

Send for Bulletin TB-4 

e---) 
_ , e 

Model 4200 Sound Effects Filter 
(Send for Bulletin S) 

- 

9 e2 • ,, e 

Model 4201, Program Equalizer 
(Send for Bulletin E) 

Representatives in 
Principal Cities 

HYCOR 
,7m. 

11423 Vanowen Street 
North Hollywood 6, Calif. 

ROTRON 

have a 

cooling problem? 

Discuss it with confidence at Rotron. 

If secret, military clearance covers our 

advisory staff. 

\_ • MULTISTAGE BLOWERS 

• PROPELLER FANS 

If -• VANEAXIAL FANS 

For each cooling application there is 

one type which gives optimum perform-

ance. Rotron manufactures all types of 

cooling devices. 

- • RADIAL-WHEEL BLOWERS 

• SQUIRREL-CAGE BLOWERS 

Your prototypes and mock-ups may be 

submitted to our affiliate, Rotron Re-

search Corp., for performance evalua-

tion and design refinement. Laboratory 

equipment is complete and of high 

quality. 

Our 170 page RING BINDER CATA-

LOG is packed with engineering infor-

mation. Frequent inserts keep it up-to-

date. 

ROTRON 
MANUFACTURING CO., INC. 

7 SCHOONMAKER LANE • WOODSTOCK • NEW YORK 

PROCEEDINGS OF THE I.R.B. Mare h 1955 345A 



UTHE 
Hydrogen 
Thyratron 

TUBES 
730 South 13th Street Newark 3, New Jersey 

Telephone: Bigelow 2-6000 

Booth 81 at the IRE Show 

20IM U•47M 

TELEFUNKEN 
world's finest Microphones 

AMERICAN ELITE, INC. 
Dept. P, 7 Park Avenue • New York City 

Sole Importer, and U. S. Agent 

OTENTIOMETERS 
LINEAR — NON-LINEAR 

Rattray precision potentiometers have 
a wide scope and cover many types and 
sizes, in the field' of wire-wound units of 
high accuracy, long life and stability. 

If you have a requirement involving 
procurement of precision potentio-
meters, in small or large quantities 
— see us first for the best in 
standard and special designs. 

Model 162-C shown here is typical 
of our compact design, with mechan-
ical and electrical capabilities of 
highest quality, as shown by com-
parative tests. 

Team:cal Bulletin 3-54 RE Note Available 

GEORGEHATITAY&CO.,Inc 
116-08 MYRTLE AVENUE 

RICHMOND HILL 18, N. Y. 

0 L 

o 

What to See at the 

Radio Engineering Show 
(Continued Porn page 344.4) 

DZ.dioi MASTER - New! 1955 Edition. 

Official buying guide ci the electronic 

parts and equipment industry. 

_- Perpetually up to date 

electronic catalog service. 

8 
4 P-ida4kry- rozeice Industry wide elec. 

2 Ironic parts and eluipment pricing book. 

,7 842 AUDIO AVE. 

UNITED CATALOG PUBLISHERS, INC., N. Y. 13 

U. S. Components, Inc. 

625 Circuits Ave. 

Multi-Contact-Connectors — Power, 
Miniature, Sub-Miniature in Draw-
Pull, Hooded, and Hooded Screw-
Lock Type. Printed Card Recepta-
cles, Adapters, Cable Clamps, Cable-
Connector a.semblies. 

U.S. Engineering Co., 774 Airborne Ave. 
Electronic Hardware, Terminal Lugs, Spacers. 
Knobs, Handles, Termina: Boards, *Etched and 
Printed Circuits. 

QUALITY CONTROLLED 

FLUOROCARBON PRODUCTS 

1 tooth 68-70 Ksngsbrsdge Palace; 
TEeLoN and EEL-F insulating mate-
rials, electronic components, special 
fabricated parts and sub-assemblies. 
Of unusual interest—specialized 

techniques in handling metal inserts, 
molding around metal structures and 
cementing to TEFLON. 

UNITED STATES GASKET CO. 
Fluorocarbon Products Inc. Div. 

Camden 1, New Jersey 

United States Motors Corp. 
718 Airborne Ave. 

Manufacturers of "Micro Power," an 
assurance of uninterrupted and con-
tinuous electrical current. Manufac-
turers of emergency standby engine 
alternators, Gas, Gasoline, Diesel, 300 
watts to 300 kilowatt.. 

tr 
RADIUM 
1.3 _ 3 

) 

UNITED STATES RADIUM CORPORATION 
806 AUDIO AVENUE 

• EDGE-LIGHTED PANELS • METAL DIALS, 

PANELS and NAMEPLATES • ISOTOPE ACTIV-

ATED LIGHT SOURCES • RADIATION SOURCES 

including Isotopes, Rodnim, Ra D, and Polonium 

• LUMINESCENT MATERIALS • TV PHOSPHORS 

titerolure on above, nv ' liable at booth, r 

*Indicates new product 

(Continued on page 348A) 
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W7_17A9) 
PREC/5/041 

FeeCreelaC 
teeelfewr 

Will Be Displayed At The 

/.955 iRE efOir 

• STANDARD SIGNAL GENERATOR 
MODEL SG-25 10 KC - 50 MC 

oient of the fo-

rnotes / URM 
25D used by our 
Armed FDfC2s. 

Frequency cccura - 
cy 0.5% when us-
ing calibrated dial, 
0 C59‘ when us-

ing internal crys-
tal colrbeoter. 

High anew 2V-
5M ohms Cali-
brctect output 0 I 
to 100,000 uy into 
50 ohms. negligible incidental FM. Interred modulation 
ct 450 end 1XO cat Extern°, modunoton 100 to 10,000'crs 

• PRECISION RF STEP ATTENUATOR 
MODEL AT- 120 0-1000 MC 

Small, rugged, lodder ottenuoror 

of high cccs.rmy and low yswr 

fern oc to uhf 

Adcptablc fcr various types of 

test equipmert /sttenceotion 

'range ip in 20 db total Up to 

17 i.teps cf 6, 10 or 20 db. 

pedonce 50 or 75 ohms Direct 

o, earn drive Weighs only. II we. 

• COAXIAL SWITCH 
MODEL CS-200 0-1000 MC 

Jo to 12 POSITIONS ore ayailoble in 

I-rs radial connector coaxial switch 

Norninol imeedonce is 50 °rims 

:esstolk for 12 position switch es 

greater then 75 db down at 1000 MC 

and 120 db down at 250 MC. For a 6 

popeen sweat crosstalk cs greeter 

than 1100 db down at 1000 MC 

YSWIR is 5.2 ot 500 MC ant I 3'1.1 IMO MC 

Rugged. compact and lightweight constitatior 

• CRYSTAL DETECTOR MOUNT 
MODEL CM-300 10-1000 MC 

Accuracy terror thon 1/2 do 

A three•connec tor, tee type crystal 
mount or general purpose in rf ',m-
ite- Ina 50 or 75 ohm coaxial systems 

Ayelable in 50, 100, 150, 75, 50, 225 
ohm Impedoram for use with Trod 
Siep .Anernatter AT. 120 for minimum 
insertion loss. 

BeeC connectors facilitate direct comuction to AT- I20 Step 
Attenuctors forming a complete monitored output system 
to 1000 MC 

Visit our exhibit and see our complete 
lime of Precision Electronic Test 
Equipment. 

Write for details to 

rribMe TELEVISION CORPORATION 

. 
•Stoddart NM-10A • 14kc to 250kc 

RADIO INTERFERENCE 
• and FIELD INTENSITY* 
• 

• measuring equipment 

• 
Commercial Equivalent of AN/UM-63 

• 
VERSATILITY...The NM-10A s designed to meet the most exacting labora-
tory standards for the precise measurements, analysis and interpretation of 
VLF radiated and conducted radio-frequency signals and interference. 
Thoroughly portable, yet rugged, the NM-10A can be supplied with acces-
sories to fulfill every conceivable laboratory ard field requirement. 

EXCELLENT SENSITIVITY.. . The NM- 10A sensitivity ranges from one micro-
volt-per-meter to 100 microvoits-per-meter, depending upon whether rod 
or shielded loop antennas or line probe are used. 

ACCURACY... Each equipment is "hand calibrated" in the Stoddart Test 
Laboratories by competen° engineers. This data is presented in simplified 
chart form. 

ORIPPROOF... Sturdy dripproof construction allows long periods of opera-
tion in driving rain or snow without adverse effects. 

FLEXIBLE POWER REQUIREMENTS ... The ac power supply permits opera-
tion from either 105 to 125 volts or 210 to 250 volts ac, at any frequency 
between 50 cps and 1600 cps. 

Stoddart RI-FI* Meters cover the frequency range 14kc to 1000mc 

HF NM-208, 150kc to 25mc 
Commercial Equivalent of 
AN/PRM-1A. Self-conta'ned 
batteries. A.C. supply optional. 
Includes standard broadcast 
band, radio range, WWV, and Lcommunications frequencies. 
Has BFO. 

VHF 
NM-30A, 20mc to 400mc 
Commercial Equiva'ent of 
AN/URM-47. Frequency range 
includes FM and TV bands. 

UHF 
NM-50A, 375mc to 1000mc 
Commercial Equivalent of 
AN /URM 17. Frequency range 
includes Citizens band and 
UHF color TV band. 

STODDART AIRCRAFT RADIO Co., Inc. 
6614-C Santa Monica Blvd., Hollywood 38, California • Hollywood 4-9294 

tool iliSt AV6 PAIN. N. 
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2% overall accuracy! 
For speedy and accurate VSWR measurements in laboratory 
or production use, the (TI Model 11013 Measuring System 

reads directly, is continuously tunable from 8,500 to 9,600 mc. 

SPECIFICATIONS 

Two VSWR Ranges: 1.02 to 1.2; 1.2 to 2.5 

Attenuation Scale: o to Do; 1.5 db midscale 

Waveguide F ling UG-39/11 

Directional Couplers, directivity over 40 db 

COLOR TELEVISION INCORPORATED 

SAN CARLOS 2, CALIFORNIA 

"PRINTED CIRCUIT" SWITCH PLATES 
COMMUTATOR and CODE DISCS with 

New "MELACON" Process 
ELECTRO-FORMED 

FLUSH 
CIRCUITRY 

with smooth, long-
wearing, bounceless, 

low torque 

MELAMINE 
SURFACE 

'1 Ill 
:11"1 

The bounceless surface ... the conductor em-
bedded flush in pure tempered Melamine ... 
combined with appropriate brush pressures 
and contact materials, has resulted in long 
life of 100 million revolutions in many 
applications. 

Write or phone for full information! 

Glen Cove PhOillefilll ;51 
Are 

4-4000 
Flushing 
3-5050 Dept. IRE3, GLEN COVE, NEW YORK 

COR•OtATION 

See this equipment 

at the IRE show 
BOOTH 137 

F 0 B. Nox, York. N. Y 

Measures phase shift in transformerS, amplifiers. 
filters, and phase displacement networks. 
• Measures from 0 to 360 degrees. 
• Readings not affected by noise and harmonics. 
• Phase shifts of the order of .01 degree can be 

measured employing special circuit techniques. 
• Measures in- phase and quadrature compo-

nents separately. 

SPECIFICATIONS 

Accuracy—Basic accuracy plus or minus 2 de-
grees. Plus or minus 1 degree due to 
meter error. 

Noise and Harmonic Reiection__4o db. down 
Sensitivity _6 millivolts full scale 
Maximum . nput Voltage—__125 volts RMS 
Peak Input Signal  .400 volts 
Frequency Range 20 to 20,003 cps. 
Input Impedance 
High Gain megohm shunted by 25 mrsfd. 
Low Gain_2.5 megohm shunted by 10 mmfd. 

Reference Input Impedance —4000 ohms 
Power Supply_105 to 125 volts, 60 cps., 25 watts 
Dimensions—Length 15 in., Hgt. 9 in., Depth 8 in. 
Weight 25 pounds 

INDUSTRIAL TEST EQUIPMENT CO. 
5 EAST 11th ST., N. Y. 3 - Tel: GR. 3-4684 

What to See at the 

Radio Engineering Show 

(Continued from Page 341,1 ) 

The United States Time Corporation, 
709 Airborne Ave. 

Sub-miniature precision tate gyroscopes—De-
veloped by Sanders Associates—World's small-
est, lightest, most rugged. Fast starting, excel-
lent resolution and linearity. Unusually insen-
sitive to shock and vibration. 

United Transformer Co. 
NEW YORK 13, N.Y. 

547 Components Ave. 
Comer of RADIO ROW 

AUDIO, POWER TRANS-
FORMERS; FILTERS; MAGNETIC AM-
PLIFIERS; HIGH PASS, BAND PASS, 
LOW PASS, FILTERS. PULSE TRANS-
FORMERS; MILITARY and AIRCRAFT 
TRANSFORMERS. 

BOOTH 817 
PRECISION STORED- ENERGY WELDERS 

WELONIATIO 

For Electronics and Instruments Industry 

UN1TEK CORPORATION 

275 N HALSTEAD AVE • PASADENA 8, CALIF 

300.1.4i 214 Instruments Ave. 

ILLUMINATED 
• SWITCH ASSEMBLIES • KNOBS 

• CONTROL PANELS • DIALS by DAY 
.1*11 NIYI 1I(PN101.11 FOR BIIIIF V15181111Y 

by NIGHT 
Testing equipment for organ c. coatings 

UNIVERSAL AVIATION EQUIPMENT INC. 
362 Ilth Ave New York I N Y WIsconson 7-3574-5 

Universal Electronics Co., 88 Palace 
Regulated DC Power Supplies—Standard Line 
and Precision Regulated Power Supplies, 
'Ultra-Precision DC Regulated Power Supply, 
Specifications 0-500 volts to 0-000 M.A. Regu-
lated to 0.001% Stability Approaching Standard 
Cell Performance, Model LP-300A. 

Universal Winding Company, 560, 562 
Components Ave. 

Coil Winding Machines with new features. No. 
108 model with quick set-up and direct drive 
from adjustable speed motor. No. 107 type, fully 
automatic with electronic drive. 

Vacuum-Electronic Engineering Co., 280 
Instruments Ave. 

Vacuum equipment including leak detectors, 
pumps, valves and gauges, featuring "auto-
matic leak testing units, non-burnout ioniza-
tion gauge, improved air-cooled diffusion pump. 

Van Dyke Textigraph Co., 680 Circuits 
Ave. 

See Pacent Engineering Corp. 

"Indicates new product 

(Continued on Page 350A) 

Show Hours: Monday 10 AM-10 PM 

Tuesday 10 AM-10 PM 

Wednesday 10 AM- 5 PM 

Thursday 10 AM-10 PM 
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• 

RF 
Leakage 

can be 

• 

... simply and economically 

A MUS1 in !UNITARY 
and MANY COMMERCIAL 

EQUIPMENT! 
YOU CAN IMPROVE 

YOUR DESIGNS GREATLY, 

THIS SIMPLE, INEXPENSIVE WAY 

The place to stop RF leakage is "on the 

drawing board." In other words if you 

design your product so that RF leakage is 

reduced to a minimum you'll have no diffi-

culty in meeting milita-y radio noise specs 

and FCC regulations, and you'll have a 

better product too. In the design of many 

military equipments during the last 10 

years effective sealing in of RF leakage 

has been accomplished with a simple 

application of METEX Electronic Weather-

strip and other METEX Shielding Products 

made from Metal Textile's highly resilient 

compressed knitted wire. You can achieve 

comparable results in yot.r own designs. 

Send today for our new brochure describ-

ing METEX Shielding Products in detail 

with a most helpful section on design. 

439 êàeeeehie-dee 

METAL TEXTILE 
CORPORATION 

Knitters of elite Mesh for more than a Quarter Century 

ROSELLE, NEW JERSEY 

FROCEFOINe7S OF THE I.R.E. March, 1955 

//' 

background 
of perfection 
Behind each product by Belock are the years of experience, 
the uncompromising precision, and the absolute perfection 

you would want in your own products. 

Instrument gears, differentials, gearheads, remote control 

positioners, ball and disc integrators, and magnetic 

clutches are a few of the many precision electromechanical 

servo components available from stock. 

In addition, we manufacture computers, radar units, 
gyroscopes, power drives, and bombsights 

for the United States Armed Forces. 

Visit us at the I.R.E. Show, Booth No. 7, 

Kingsbridge Palace. 

INSTRUMENT 

COMPONENTS, INC. 
1 4-35 11 2th Street 

College Point, N. Y. 

division of 

BELOCK INSTRUMENT CORPORATION 
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Condenser Products 
COMPANY 

1955 

Candidly %wit» 
You To. net exkibit At Tke 

RADIO ENGINEERING SHOW 

Manufacturers of 

13aittli 423 

Glassmike Capacitors 
Plasticon Capacitors 
Molded Capacitors 
HiVolt Power Supplies 
Pulse Forming Networks 

cpJ 

Condenser Products Company 
Division of New Haven Clock & Watch Company 

140 Hamilton St.— New Haven, Conn. 

Why wonder ... 

Ptucel OP -clioD !JI,411 444PmA 
Jo' men pii'm tp001 le—mimeo &Smog Ise 
41404111 '41•11104 '041100, .*162"AlIt le•PHIA 

Low Cost Shaded Pole 
F. H. P. MOTORS 

Clutch-gear types featuring hi-starting 

torque, fast disengagement time, standard 

speeds of 4 to 328 rpm., simplified mount-

ing. Skeleton types 1/500 to 1/4 hp., operat-

ing speed 1200-3500 rpm. Voltage range, 6 
VAC to 220 VAC. Custom-manufactured to 

specifications. Efficient, dependable, low 

cost. Send for complete details. 

Molon Motors & Coil Co. 
3349 W. Addison • Chicago IS, Illinois 

What to See at the 

Radio Engineering Show 

(Continued from page 348A) 

VARIAN 

associates 

542.514 

COmPONENTS AVE 

KLYSTRONS 

for every 

application 

Vani-L Company, Inc., 712 Airborne Ave. 
The "VARI-L" line of electrically variable in-
ductors. Interesting applications demonstrated. 
Automatic curve plotter for tracking multiple 
units on display. 

A Subsidiary of NordemKetay Corporation 

VARI-OHM CORPORATION 

Booths 629-63f Circuits Avenue 

PRECISION POTENTIOMETERS 

Sunrise Highway Amityville, L. I., N. Y. 

N 

V ISIT.1 ECTRON, inc. 
at 381 MICROWAVE AVE. 

45 - 2000 CYCLE 
250 VA POWER SUPPLY 

E K- BAND MICROWAVE 
SPECTRUM ANALYZERS 

PRECISION POTENTIOMETERS 

Other Electronic and 
Electro -mechanical Equipment 

Vernistat Div. of Perkin-
Elmer Corp. 

20 Palace 

Vernistat, a new type of transducer, com-
bines desirable features of precision po-
tentiometer and variable autotransformer— 
low output impedance, high resolution and 
linearity, may be u.ed for power transmis-
sion, low power dies.patien. 

Vibro-Ceramics Corp.. 850 Audio Ave. 
"Ultrasonic drills and soldering irons. Ultra 
sonic probes. Ultrasonic attenuation analyzers 
for materials uniformity test. Ultrasonic gen 
erators for industrial cleaning and processing 

Victoreen Instrument Co. 

484, 486 Electronic Ave. 

High quality components including precision 

hermetically sealed resistors, ballast tubes, 
high voltage corona regulating tubes, sub-
miniature tubes, featuring dynamic display 

of component chatacterintics. 

Indicates new product 

(Continued on Page 353A) 
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THE Analysis of a basic magnet problem: 

Kunvon 
TWINS 

Meets All MIL - T•27 

Requirements 

Completely he --
metically seated to 

meet MIL•T• 27 
specifications. 
Military Standard 
types are included. 
Catalog Listing M 

Meets All Commercial 

Requirements 

A complete line to 
MIL electrical 
specifications, 
housed in conven-
tional cases. Satis-
factory perform-

ance at substantial 
savings. Catalog 
Listing C L 

HOUSED IN CASES WITH STANDARD 

MIL-T-27 DIMENSIONS...BOTH LINES CARRY 

THE USUAL KENYON GUARANTEE 

The new Kenyon Military and Commercial 
Lines feature the very latest practice, 
using the best class "A" wire and insula-

tion now available, and the latest types of 
core material, to obtain minimum size at 

reasonable ccst...Cases are identical to 
the requirements in the MIL-T-27 specifi-
cations. Full rating information and sche-
matic is furnished in the form of a stencil 
on each case... Special units with other 
ratings and the same or similar cases are 
available on short delivery, in any quan-
tity. Write for catalog. Your inquiry will 
receive prompt attention. 

Kcnvon 
TRANSFORMER CO, INC 

840 Barry Street, New York 59, N. Y. 

Why assemble 
before 

magnetizing? 

H 

OERSTEDS 

A closed circuit magnet exists when 

the magnet is magnetized in its as-

sembly of soft iron or other magnetic 

materials and is not removed later. 

Normally, there is a specified air gap. 

The chart illustrates the demagneti-

zation curve for Alnico permanent 

magnet material. 

To illustrate the advantage of mag-

netizing the complete circuit after 

assembly, let's use an example: The 

magnet is to be assembled with 

pole piecescm. If the magnet is 

charged before assembly, it will op-

erate at point Bd, on the curve. When 

the poles are placed on this satur-

ated magnet, it will move up a 

minor hysteresis loop to point Bd, 

resulting in Bm, flux density. How-

155 at I.R.E. Show 
Computer Ave. 

Booth 304 

Permanent Magnets 

ti) 

o 

ever, if the entire circuit is magne-

tized after assembly, it will operate at 

point Bd with Bm flux density, or a 

100% increase in flux density in this 

example. The percentage of increase 

is a function of the gap length and 

area. 

This is a very brief explanation of 

a basic design problem. For a detailed 

discussion of this and other design 

considerations, we suggest our De-
sign Bulletin # 151. The Thomas & 

Skinner research and engineering 

staffs are at your dis posal . . . write 

today for engi-

neering assistance 

in the design of 

your magnetic ap-

plications. 

gmaneet inageZatits 

SPECIALISTS IN MAGNETIC MATERIALS . . . 

Laminations _ and Wound Cores 

THOMAS & SKINNER Steel Products Company, Inc. 

1125 E. 23rd Street, Indianapolis 7, Indiana 
See us at Booth 541—I.R.E. Show 
PROCEEDINGS OF THE I.R.E. March, 1955 
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They're here in quantity... 

Lü J 
L 

NEW HI-VOLTAGE 

SELENIUM RECTIFIERS 

... at low prices 
Highest quality and low prices seldom come to-

gether—but you get them in these new UNION 

Tubular Selenium Rectifiers. 

The secret lies in a new manufacturing process 

perfected by Union Switch & Signal engineers, 

the original developers of the copper-oxide rectifiers more than 30 

years ago. Higher quality selenium discs are now being produced 

with greater precision and at lower cost than ever before. 

You can snap these rectifiers into your circuits with standard 

fuse clips or solder in with pig-tail leads. They outlast rectifier 

tubes, stand up better under vibration, use less power and give 

trouble-free service ... all this at low cost. 

Maximum peak inverse voltages run from 36 to 9360 volts with 
condenser input filter. Maximum DC current rating is 2.5 ma., but 

other current ratings can be supplied on special order. Stacks may be 

combined in series, as full-wave bridge circuits, or as voltage 

doublers. 

Send for complete specifications. These new U NION Selenium 

Rectifiers can lower your costs and give you the big advantage of 

rugged, trouble-free operation. 

EXPLODED VIEW showing symmetrical arrangement of selenium 
cells ( spacers not required), spring-loaded in a tough, durable 

phenolic tube. 

GENERAL APPARATUS SALES 

UNION SWITCH & SIGNAL 

NEW YORK 
IVonhoe 3-2424 
(H•rnpstood) 

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 

PITTSBURGH 18 

HARTFORD 
JAckson 9-3122 
(Wothorsfi•Id) 

PENNSYLVANIA 

BALTIMORE CHICAGO ST. LOUIS LOS ANGELES 
VAlloy 5-3431 LOngbesoch 1-3042 JEfforson 5-7300 Clinton 6-2255 

advanced 

technique 

electronic chopper 

model 307 by AVION 

Modulation of DC voltages 
is achieved by the illumina-
tion at line frequency of the 
photo-conductive element in 
a voltage divider. 

O NO moving parts 
O HIGH temperature 100°C 
O HIGH conversion ratio over .5 
O MODULATION te 400 cps 
O TEMPERATURE independent 
O LIFE 3000 hours minimum 
O LOW noise. 200 pV 
O SIZE 7/8" x yg" x 2" 
O WEIGHT. 1.6 ounces 

O EXCITATION..115 AC 3 ma 
O DELIVERY from stock 
O PRKE...$35.00 each (single units) 

$25.00 each (in quantity) 

Avion's flexibility and inge-
nuity, coupled with extensive 
experience in Electronics, 
Mechanics and Optics can 
better serve you. 

Investigate the "' roe. 
opportuniticz in our ex, 
pending organization 

AVION 
INSTRUMENT CORP . 

SUUSIDIARY OF QC f INDUSTRIES, INC. 

299 Highway No. 17,Param 
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What to See at the 

Radio Engineering Show 
(Continued from page 350A) 

Booths 657, 659 
• 

therInis• tu • • 
• • Liquid Level Indicator • Temprobe • 

• Combustion Analyzer • Hypsometer-Altimeter 
• • Multi-channel Remote Temperature Indicator • 

. VICTORY ENGINEERING CORPORATION, 
Springfield Road, Union, N. J. 

reueue CAPACITORS 
Miniaturized fused-porcelain componen•s 
with phenomenal stability, low loss, wide 
temperature range. 

Booth 566—Components Avenue 

VITRAMON, INCORPORATED 

Box 544, Bridgeport 1, Conn. 
t.  

Wall Manufacturing Co., P., 820, 822 
Audio Ave. 

Electric soldering irons and miscellaneous 
soldering products. 

Waltham Horological Corp., 808 Audio 
Ave. 

Complete JAN approved *telephone plugs, *tele-
phone jacks, coaxial connectors from *sub-
miniature to heavy duty, *pulse type, standard 
and special RF fittings and connectors. 

Wang Laboratories, 319 Computer Ave. 
*Digital-Analogue Differential Computer (A 
new computer DIGITAL in operation and 
ANALOGUE in form)•, *Angular Position Data 
Recorder; *Magnetic Scalers; Static Magnetic 
Memories. 

Ward Leonard Electric Co., 870 Audio 
Ave. 

It's here . . . One-stop shopping for control 
components at Ward Leonard. Power Resistors 
(MIL Types), ring rheostats, relays, contactors, 
TV studio lighting controls, motor controls, 
etc. 

Warren Wire Co., 860 Audio Ave. 
*Extruded Teflon Lead Wire. *Teflon Impreg-
nated Glass Insulations. *Silicon Magnet Wire. 
*Special Teflon Cables. Magnet, Tinned and 
Bare Copper Wire Products. 

Waterman Products Co., 

Inc. 

158, 160 Television Ave. 

l'OCKETscopes, PULSESCOPES, 
RAKScopes, RAYONIC Cathode Ray 
Tubes. 

Waveforms, Inc., 618 Circuits Ave. 
Precision- In-Miniature Laboratory Instru-
ments. Audio oscillators from below one cycle 
to over one megacycle, down to 1/10% distor-
tion, power to two watts. Wide range AC milli-
voltmeter. Contract development of special in-
strumentation. 

Waveline, Inc., 367 Microwave Ave. 
Microwave test equipment; standing wave indi-
cator; *noise generators; *wide band frequency 
meters, *standard gain horns. KU and milli-
meter instruments, *phase shifters. 

•Indicates new product 

(Continued on page 354A) 

SIXTY-CHANNEL UHF FM RADIO SYSTEM OF 

ADVANCED DESIGN 

Type FM60/2000 Radio System 
transmits up to 60 voice channels 
in a frequency range of 1700 to 
2300 mc. Transmitting power is 
5 watts and a single antenna is 
employed for both transmitting 
and receiving. The maximum 
frequency swing is 0.5 mc, and 
the transmitted frequency band 
is 12 to 252 kc. A similar system 
type FM60/300 operating in the 
frequency band 235 to 328 mc 
is also available. These radio 
systems operate in conjunction 
with the type F60 carrier-tele-
phone system, which provides up 
to 60 3400-cycle telephone 
channels in 5 12-channel groups. 

• 

A complete FM60/2000 Radio Terminal 

requires a single cabinet. 

RADIO ENGINEERING PRODUCTS 
1080 UNIVERSITY STREET, MONTREAL 3, CANADA 

Telephone: UNiversity 6-6887 Cable Address: Radenpro, Montreal 

MANUFACTURERS OF CARRIER-TELEGRAPH, CARRIER-TELEPHONE AND BROAD-BAND RADIO SYSTEMS 

announcing 

 New 

ALPHLEX 

line of 
Tubing and 

Sleeving 
Conforms to 
AMC specs 
and ULliondards. 

• Extruded Plastic Tubing 
• Impregnated Tubing & Sleeving 

(Fiberglass or Organic Base) 
• High Temperature Fiberglass Sleeving 
• Plastic Coated Fiberglass Tubing 
& Sleeving 

• Silicone Impregnated Fiberglass Sleeving 
• Silicone Rubber Coated Fiberglass Tubing 

The industry's first and only complete ENGI-

NEER'S CROSS-REFERENCE TUBING & 
SLEEVING CHART. Helps you spot the specific 

tubing and sleeving you need for any particu-
lar application — at a glance! 

Available at our IRE BOOTH 454, 
Electronic Avenue—or write for free copy. 
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SPHERICAL 

with 

Decorate or Print 

DIRECTLY ON YOUR PRODUCT 
....AND SAVE! 

Aglr e4pie 

Decorating & Marking Equipment 
1, 2 or more col-

ors in perfect reg-

ister 

automatic or hand 

feed machines. 

rapid changeover 

inexpensive plates 

permanent inks in 

all colors. 

OVER 40 STANDARD MODELS 
in America's Largest and Most 
There's an Apex machine that can mark, 

label or decorate directly on your prod-

uct, no matter the size or shape. Any-

thing that can be printed on paper can 

be printed by an Apex. No item is too 

large or small . . . no run too long or 

too short. Apex eliminates babel inven-

tory problems, gives you unmatched 

versatility and relief from production 

headaches. Get all the facts today. 

TO CHOOSE FROM 
Complete Selection 

Exhibiting at 

The I.R.E. Show 

Booth 62 

Kingsbridge Palace 

MACHINE COMPANY 
14-13 118th STREET COLLEGE POINT 56, N. Y. 

Largest and Oldest Mfr. of Multicolor Ink 
Printing and Hot Stamping Machines. 

GORN 
aircraft controls 
Absolute, Differential and Gauge Type Pres-

sure Switches, Liquid Level Switches and Con-

trols, Fuel and Hydraulic System Components 

(Pressure Switch GP8000 shown at left). 

electronic connectors 
Miniature Multiple, Rapid Disconnect, 

Pressurized High Voltage and Printed 

Circuit Connectors ( shown at right). 

COME TO BOOTH 49, KINGSBRIDGE PALACE 

EST. 

845 MAIN ST. 

SIAM  FORDO CONNE  1(11 C 
.„. CO. • 

STAMFORD, CONN. 

CRIC 

1923 

FIRESIDE 8-7591 

What to See at the 

Radio Engineering Show 

(Continued front page 353A) 

WECKESSER CO. 

Booth 33, Palace 

5269 N. Avondale Ave, Chicago 30 
NyGrip EthoLoc 

PLASTIC CABLE CLIPS 
WIDEST RANGE OF SIZES IN 

THE INDUSTRY 

Also complete line of clips, D washers and 
perforated nylon strapping. 

Welch Manufacturing Co., W. M., 223 
Instruments Ave. 

Duo Seal Vacuum Pumpe including the *Vented 
exhaust for pumping condensable vapors. Also 
vacuum gauges and accessories. 

Western Gear Works, 827 Audio Ave. 
Miniature and subminlature electric motors, 
fans, blowers, rotary electrical equipment. Pre-
cision fine pitch gears and gear trains, gear 
drives and actuating units. 

Western Lithograph Co., 805 Audio Ave. 
Adhesive Labels, E-Z Code wire identification 
markers, N.E.M.A. color code markers, TEL-
A-P1PE cable, conduit, and pipe markers, 
Westline contact Breakaway labels. 

Westinghouse Air Brake Co., 112, 114 

Television Ave. 
See Union Switch & Signal Div. 

Westinghouse Electric Corp. 

843-855 Audio Ave. 
Audio Ave. 

Will exhibit and demonstrate electri-

cal instruments, specialty transform-

ers, cores, electronic tubes, electric 

controls for circuits and air arm. 

Westline Products Div. of Western 
Lithograph Co., 805 Audio Ave. 

Industrial labeling to idtentify wires, pipes, 
parts, chassis, products, brands, hazardous 
areas, safety programs using pressure sensitive 
materials. Protective coatings of acrylic and 
zinc chromate. 

Weston Electrical Instrument Corp., 533, 

535 Components Ave. 
Service Instruments for TV Radio and In-
dustrial Maintenance. Panel Instruments in-
cluding Ruggedized—INDUCRONIC Instru-
ments for precision measurement and control— 
"Weston 980 line TV Test Equipment, "Panel 
Instrument with CORMAIG self- shielded mech-
anisms, *Miniature Clamp Volt-Ammeter AC 
and DC, Portable Instruments, Aircraft Instru-
ments, Sensitive Relays. 

Westrex Corp., 94 Palace 
Westrex DIVATEL—Ultimate in frequency 
shift radioteletype receiving equipment and 
Westrex Recording Equipment—Single and 
Stereo Magnetic—*Lateral Disk Cutter and 
Award Winning Edit•cr. 

White Electron Devices Inc., Roger, 80 

Palace 
Traveling wave tubŒs, backward wave oscil-
lators, packaged traveling wave amplifiers. 
Microwave gas tubes, including noise sources, 
electronic attenuators, modulators, and 
switches. Ion gauge control units. 

White Dental Mfg. Co., S. S., 707 Air-

borne Ave. 
"Airbrasive" Unit for cutting hard brittle 
materials and removing deposited surface coat-
ings on printed circuits, film resistors, etc. 
Also remote control and power drive flexible 
shafts and molded resistors. 

'Indicates new product 

(Continued on page 356A) 
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MAGNETIC— ELECTROSTATIC 
SHIELDING MATERIALS 

IN THE FERRITE FIELD 

1  Chicago 22, III. 1316 No. Elston Avenue 

COLOR T.V. 

OSCILLOSCOPES 

OSCILLOGRAPHS 

COMPUTERS 

RADIOSONDES 

RADAR & SONAR 

PRECISION TIMING 
(Devices) 

TRANSDUCERS 

TELETYPE 

TELEGRAPH 

RADIO & T.V. 

TRANSMITTER GEAR 

AIRCRAFT 
IN 

AUDIO EQUIPMENT 

SERVO MECHANISMS 

RADIO NAVIGATION 

AMPLIFIERS 

RADIOACTIVITY 
EQUIPMENT 

MICROPHONES 

TRANSFORMERS 

MAGNETIC RECORDERS 
(Tape & Wire) 

TELEMETERING 
GUIDANCE SYSTEMS 
(Guided Missiles) 

COMMUNICATIONS 
GEAR 

CHOPPERS, INVERTERS 

VIBRATORS, INDUC-
TERS, REACTORS 

POWER TRANSMIS-
SION EQUIPMENT 

(Utility) 

TEST EQUIPMENT 

KINESCOPE 
RECEIVERS 

TELEPHONES: PORT-
ABLE FIELD SOUND 

POWERED 

CIRCUIT BREAKERS 

SELSYN EQUIPMENT 

DIATHERMY 
EQUIPMENT 

MAGNETIC ENERGY DEVICES 

MOTION PICTURE SOUND PROJECTORS 

AUTOMATIC TELEPHONE, DIAL & CROSSBAR 
SYSTEMS 

'ELECTROMAGNETIC EQUIPMENT 

ELECTRONIC ).4EMORY SYSTEMS 

ELECTROMAGNETIC VOLTAGE REGULATORS 

PERFECTION MICA COMPANY 

PANELOC 
ROTARY LATCHES 

for use on hinged or re-

movable parts, and as 

inspection doors, access 

panels, etc. 

engineered to save 

• SPACE 

• WEIGHT 

• TIME 

• COST 

designed to provide 

MAXIMUM ACCESS 

with 

ENTIRE LATCH 

IN ONE PANEL 

SCOVILL 
MANUFACTURING CO. 

Waterbury 20, Conn. 

THESE HANDS ARE OUR 
MOST PRECIOUS ASSET 
For over 28 years they have built a reputation 

for manufacturing instruments that are 

known the world over for their quality. We 

invite you to visit a working display 

of our fine instruments at the annual 

NEW YORK CITY I.R.E. SHOW 

BOOTH 278 INSTRUMENTS AVE. 

MODEL DYL 

12 inch mirrored 
vernier scale 

Accuracy .1 of 1% 
from 50 to 500 
cycles 

18 full scale current 
and voltage ranges 

Our exhibit has been designed 

to give you a practical insight into the 

unusual capabilities of our products. We would like you to see . . . 

Instruments that multiply and divide, add and subtract — High accuracy 

voltmeters with an input impedance of 10" ohms that will read RMS 

and peak voltage — The new Dynamometer Polyranger Laboratory 

Standard pictured above . . . In short, we would like you to see a 

collection of the highest quality and most imaginative instruments 

produced today. 

For the finest in Laboratory Standards, panel instruments, and versatile 

test sets visit "SENSITIVE". 

A Descriptive Bulletin on any of the above instruments is yours for the asking 

SENSITIVE RESEARCH 
INSTRUMENT CORPORATION 

MOUNT VERNON, N.Y. 

Sri ofQualül, ELECTRICAL INSTRUMENTS OF PRECISION SINCE 1927 
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HERMETICALLY SEALED 

THERMOSTATS 

These miniature thermostats illustrated actual 

size are ideal for control electronic applications. 

CARTRIDGE 
THERMOSTATS 

Series FM Thermostats offer the only unit that 
can withstand mechanical clamping or pinching 
without effect on set calibration. 

*The Ulanet catalog, illustrating and describing the 
worlds' largest line of precision thermostats is avail-
able without obligation. Write on your letterhead. 

GEORGE ULANET COMPANY 416 MARKET STREET NEWARK 5, N. .1. 

THE INSTRUMENT FOR YOUR 

MAGNETIC PROBLEMS 

D-79 GAUSSMETER 
FEATURES 

• Reads 10 to 30,000 Gauss Flux Fields 

• Probe is only .025" thick 

• Active area .01 square inches 

• Net Weight only 10 1/2  lbs. 

• Power Supply 105-125 Volts, 50-60 Cycle 

• Overall size 13" 'high, 10 1/2 " wide, 63/4 " deep 

A complete precision built unit that will 

measure flux density and determine the direction 

of "flow". It will locate and measure "stray fields", 

plot variations in strength and offers a fine use for checking 

production lots against a standard. It is simple to operate—no ballistic 

readings ... no jerking or pulling. Comes in protective carrying case. 

Write for literature, Dept. IR 355. 

Dyna-Labs,„ 
1075 STEWART AVE. 

GARDEN CITY, N. Y. 

Phone 

Pioneer 1-2700 

See us at Booth No. 480, Radio Engineering Show 

What to See at the 

Radio Engineering Show 

(Continued from page 354,4) 

White Industries, Inc. 

761 Airborne Ave. 
Wholly Owned Subyidiary of 

Mack Trucks, Inc. 

Contract manufacturers of precision 
quality electronic, mechanical and 
electro-mechanical equipment. 

Development • Research 
Engineering 

Producers of Power Convertors 

Who's Who in Electronic Distribution, 
27 Palace 

Electronic directory, hard bound, thumb in-
dexed, contains over 400 pages. Supplies source 
and distribution data. Saves time and effort. 
Makes procurement possible at local level. 

Wickes Engineering & 
Construction Co. 

139 Television Ave. 

Color TV Signal Generating and Test In-
struments. *Phase Display Equipment and 
*Network Synthesizer. Integrated Air Traffic 
Control Systems. Fixed and Portable Control 
Towers. Direct-Reading 24-sour Clocks. Spe-
cial Communications Equipment. 

JOHN WILEY 

Technical Books 
on display at 

588 Components Ave. 

New Books on Radio 
and Electronics 

Willys Motors, Inc., 704 Airborne Ave. 
Automatic production machinery. 

Wilkor Div., 548 Components Ave. 
See Gabriel Company. 

Winchester Electronics, Inc. 

628 Circuits Ave. 

Multi-contact electrical connectors 
including miniatures, sub-miniatures, 
hermetics and quick-disconnects. 
Complete line of Connectors for 
printed circuit beards. Many unique 
connector designs. 

•Indicates new product 

(Continued on pige 358.4) 

FIRST AID ROOM 
A nurse is in charge at all times. First Aid 

Room is the sixth room to right of Lobby 

directly off registration area in Ringsbridge 
Armory. 

356A 
WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE I.R.E. March, 1955 



Electronic circuitry design and construc-
tion simplified by mechanical components 
to provide: 

o 
Circuitry sub- di-
vided function by 
function into plug-
in units. 

e 
Plug in replace• 
ment spares in 30 
seconds. 

ALDEN 

TERMINAL 

CARD SYSTEM 

ALDEN BASIC 

(«IIASSIS & 

PIDGIN 

PACKAGES 

ter.de. 

Tiny tell- tales spotlle' 
trouble instantly. 

o 
All leads brought 
to single, accessible 
point of check, 
color coded and 
numbered so lay-
man can make 
first-level check. 

ALDEN 

TELL TALES .' 

ALDEN 

BACK 

CONNECTORS 

At the Alden Products Co. IRE Booth 

#185 & 187, or write Brockton, Mass. 

Scientific recording now accomplished by 

Alfax Paper, where previously photography 
had seemed necessary. 

New Alfax Paper — 
in which electricity is 
the ink — makes pos-
sible simple, uncom-
plicated recorders that 
operate unattended, 
get great amounts of 
related information 
compactly with high 
accuracy. Alfax paper 
is different- non-toxic, 
stable in storage, re-
quires little current 
yet cannot overload, 
records at slow or 
high speeds, does not 
smudge or transfer. 

See the Alfax Paper and Engineering 
Co. IRE Show Booth No. 191 or write 
Westboro, Massachusetts. 

Helix recording simplified by new "assem-

ble yourself" recorders. 
Pir-oro iscootene 

au-mom 
e0Vr RS 

• 

v HELICES 

e4r 4 

CASES 

PAPER 

b«noces 

PAPER FEEDEPa 

New horizons in 
graphic record-
ing opened up 
by Alfax Paper 
— electricity is 
the ink — now 
can be explored 
quickly with 
these Alden ad-
justerless helix 
recorders and 
components. 

See the Alden Electronic and Impulse 

Recording Equipment Co. IRE Booth 

No. 189 or write Westboro, Mass, 

ELECTRONS, INCORPORATED 

127 StssEx AvENEE 

defAew ete_wittie NEWARK 3, N. J. 

"rive »teen' enricoe „desem6. J'ae#21'"A 

Á«eee'm eeelie Aeitee itla/At 

amee ae4cal' 
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TRANSFORMERS 

See How FORM- FLEX Saves! 

CUTS WEIGHT BY 405— BULK BY 305 
... gives kasolute Transformer Protection at Lower Cost 

Pioneering the development of encapsulation in transformer manufacture has brought 
Aircraft Transformer a high degree of proficiency in the production of hermetically 
sealed high and low temp. transformers that far exceed the requirements of MIL-T-27, 
Grade I. 
If you are faced with weight, space or cost limitations in your components, we invite 
you to explore the possibilities of our advanced methods. Our engineers and produc-
tion people will gladly consult with you. 

Write for complete data on 
transformer encapsulation with 
neoprene and other mater.als. 

«Mg IPPI7STOPIDEP CORPORRI1017 
Manufacturers of Inductive Equipment 

Long Branch, New Jersey 

here are many kinds of capacitors . „ some 
table . „ . or rugged ... o, vaporproof . Or 
tiny . . . some very good at averting loss or 
noise . . . or efficient over a wide temperature 
range. Some capacitors combine two, or even th,ur 
of these features. 

VITRAMON CAPACITORS GIVE YOU ALL 7 
Only two materials go into Vfframon Capacitors 
. . . porcelain enamel for • firs dielectric ond encas-
ing insulation . . . fine•silver for the electrodes. 
Perfectly bonded, the two become, effectively, one 
homogenous unit — 

Stable over a Wide Temperature range. 

The solid block of " quality crockery— in which the 
silver electrodes ore immersed makes Vitramon 
Capacitors both 

Rugged and vaporproof. 

Pure materials plus perfect bonding combine to 
eliminate both 

toss and Noise. 

Finally Vitramon s unique construction allows 
for — layering — the electrodes so that much greater 
active dielectric area car be squeezed into the 
some cubic content . . they're 

Miniature. 

ONLY VITRAMON GIVES YOU ALL 7 

IF YOUR CAPACITOR PROBLEM IS CRITICAL 

WRITE TODAY FOR COMPLETE DATA... 

CAPACITORS 

STABLE 

RUGGED 

LOW LOSS 

MINIATURE 

LOW NOISE 

VAPORPROOF 

WIDE TEMP. RANGE 

= 
Two materials — a monolithic block of 

porcelain enamel and fine-silver elec-

trodes — fused into one strong, stable, 

efficient and effectively homogenous unit. 

INCORPORATED 

BOX 544R • BRIDGEPORT 1 • CONN. 

What to See a the 

Radio Engineering Show 

(Continued front rage S.56.-1) 

Wind Turbine Co., 591, 593 Components 
*Broadband Curtain Antenna. C̀orner Reflec-
tor Antenna. Towers and Masts. 

Workshop Associates, 193-195, Televi-
sion Ave. 

See Gabriel Company 

Yardney Electric Corp. 

765 Airborne Ave. 

Yardney Silvered®, world's enalle.t, light-

est, mightiest storage Latteries—silver-zinc 

alkaline cells featuring constant output voltage 

and high current draM capacities—III/10th 

AH and 250 AH high-sate, iong-life Cells. 

SAN 3151 and *AN 3154 inc-equivalent, high-

rapacity aircraft batteries, 

Ziff-Davis Publishing Co., 839 Audio 
Ave. 

See "Radio-Electronic-Engineering." 

*Indicates new product 

Show Hours: Monday 10 AM-10 PM 

Tuesday 10 AM-10 PM 

Wednesday 10 AM- 5 PM 

Thursday 10 AM-10 PM 

D. B. Sinclair (J'30-A'33-M'38-SM'43 
-F'43) has been appointed Vice-President 
for Engineering of the General Radio Com-
pany. Dr. Sinclair 
joined the company 
in 1936, after re-
ceiving the Doctor 
of Science degree 
from M.I.T. He has 
served the company 
as Engineer, Assist-
ant Chief Engineer, 
and, since 1949, as 
Chief Engineer. 

During World 
War II, Dr. Sin-
clair was associated 
with the National Defense Research Com-
mittee program under Dr. Vannevar Bush, 
working on radar countermeasures and 
guided missiles. For his work overseas on 
the former project, he received the Presi-
dent's Certificate of Merit. 

He is a Fellow of the American Insti-
tute of Electrical Engineers, a member of 
the American Association for the Advance-
ment of Science, and of Sigma Xi, honor-
ary scientific fraternity. 

(Continued an page 360A) 

D. B. SINCLAIR 
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EPIC FAST POISE 
AND COUNTING 
EOUIPMENT 

Proved Dependability In A 
Versatile Range Of Assemblies 

0.001 MICROSECOND RISE TIME 
SQUARE PULSE GENERATORS 
for the millimicrosecond to microsecond 
range. 

0-10 MC DECADE AND BINARY SCALERS 
FULLY AUTOMATIC 0-10 MC NUCLEAR 
SCALERS with predetermined count, pre-
determined time operation, precision 
high voltage power supplies, preampli-
fiers and discriminators. 

• PLUG IN COUNTING STRIPS 

• 0.1 MICROSECOND COUNTER 
CHRONOGRAPHS 

• PRECISION DC HIGH 
VOLTAGE SUPPLIES 

• WIDE BAND AMPLIFIERS 

ALSO CUSTOM DESIGNED EQUIPMENT TO 
MEET YOUR INDIVIDUAL REQUIREMENTS! 
Write for detailed engineering bulletin No. 405 

epic 

ELECTRICAL AND PHYSICAL 
INSTRUMENT CORPORATION 

Engineering Division 

42-19 27th Street, Long Island City 1, N. T. 

ANNOUNCIN 

Observed pulse as 
viewed on a suit-
able synchroscope 
(magnification: 
1000 to 1) 

G! 

A Precision Digital Delay Generator Providing Accuracies 
of Better Than .01 in 1000 Microseconds 

Through unique application of dig-
ital circuitry and crystal controlled 
stability, this new development en-
ables you to achieve accuracies 
never before approached in a unit 
of this type. 

Continuous calibration is un-
necessary with digital circuitry. Self-
contained decimal to binary con-
verters save many hours of costly 
laboratory set-up time. This ad-
vance in delay generators has many 
applications. It can be used for 
accurately measuring time delays; 
as a radar simulator; for supplying 

K AISER 
IN T H E 

See us 

HE 

a single output pulse precisely de-
layed in time with respect to a 
reference pulse; as a secondary 
frequency standard, generating crys-
tal controlled frequencies from 20 
cycles to 1 megacycle in 3000 dis-
crete steps; as an elapsed time 
indicator; and in many other sim-
ilar functions. 

Engineers working with radar, 
pulse circuitry, digital computer 
and navigational electronics find 
the Precision Digital Delay Gener-
ator an indispensable addition to 
the laboratory. Write for details. 

FLEETWIINGS DIVISION 

M ETAL P RODUCTS 
BRISTOL, PA. 

R T i= THE DELAWARE 

INC. 

VALL EY 
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delay lines 

are 30% smaller 

as 

if needed 

Designed to meet your needs! 

NOTE THESE FEATURES! 

• High figures of merit 

• Low atteniation 

• Stabilized delay over wide temperature ranges 

e Custom built to military requirements 

electronic computer division 

UNDERVVOOD CORPORATION 

35-10 36th Avenue 

Long Island City 6, N. Y. 

Phone EX 2-3400 

"INDUSTRIAL" 
for 

ELECTRONIC 
COMPONENTS 

Precision engineered electronic components 
and connecting devices for all your needs. 

• LAMINATED SOCKETS 

• TERMINAL STRIPS 
• METAL AND BAKELITE STAMPINGS 
• TERMINAL BOARD ASSEMBLIES 
• TUNER STRIPS, SOCKETS 
AND BRACKETS FOR UHF 

• DUO- DECAL SOCKETS 

• ANODE CONNECTORS 
• WIRED ASSEMBLIES 

VISIT WITH 
US AT THE 
I.R.E. SHOW 
BOOTH 579 

Our extensive design and produc-
tion facilities are available fo- de-
veloping your special requirements 
and applications. Representatives in 
principal cities throughout U.S.A. 
Write for samples and information. 
Dept. P-3. 

INDUSTRIAL HARDWARE Mfg. Co., Inc. 

MICO 
Priced from 

$250 up 

PANTOGRAPH 

ENGRAVERS for 

Engraving Nameplates 

Duplicating Master-copy 

Fine Routing Work 
Profiling Small Objects 

TOROID COIL WINDERS 
UHF COAXIAL WAVEMETERS 
FERRITE-CORED TRANSFORMERS 

AND INDUCTORS 

Send for Illustrated Catalogs 

MICO INSTRUMENT CO. 
79 Trowbridge St. Cambridge 38, Mass. 

A. M. SKELLETT 

(Continued from page 35821) 

A. M. Skellett (M'44-SM'50) has been 
named director of color television tube 
planning and development for Tung-Sol 

Electric Incorpo-
rated. 

For the past 25 
years he has been 
active in the elec-
tronics industry in 
research and ad-
ministration, in-
cluding 15 years on 
the technical staff 
of Bell Telephone 
Laboratories. He 
has also served the 
government as a 

consultant to the Research and Develop-
ment Board of the Department of De-
fense. Among Dr. Skellett's patents is one 
for a radial beam tube which serves as an 
electronic commutator in military equip-
ment and industrial instruments. Another, 
developed two years ago, is a magnetic 
tape pickup tube designed for recording 
equipment for high fidelity sound repro-
duction. 

Dr. Skellett is a graduate of Washing-
ton University and received the A.B. de-
gree in 1924 and the MS., in 1927. Prince-
ton University awarded him a Ph.D. de-
gree in 1933. After graduation, he served 
two years on the University of Florida fac-
ulty, first as an instructor in electrical en-
gineering and then as Assistant Professor 
of physics. Concurrent with his latter posi-
tion, he was Chief Engineer of state-owned 
radio station WRUF in Gainesville, Fla. 

He has written more than 30 articles 
and is a member of the American Physical 
Society and the American Astronomical 
Society. 

M. V. Siebert, Jr. (A'31-M'38-SM'43) 
has recently been appointed Assistant to 
the Chief Engineer of Convair, a division 
of General Dynam-
ics Corporation, Po-
mona, California. 

He was formerly 
Director of the Spe-
cial Products Re-
search Department 
of Bendix Aviation 
where he was in 
charge of the LOKI 
Missile Project and 
various other relat-
ed Army Ordnance 
programs. 

He has had long association with guid-
ed missile programs and related activities 
having been a member of the Aeronautical 
Board, Guided Missile Committee while 
serving as a Commander in charge of the 
Guided Missile Branch, Electronics Divi-
sion, Bureau of Aeronautics, U. S. Navy. 

(Continued on page 363A) 

M. V. KIEBERT 
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ultra-
sensitive 
relays 
help solve control 

problems in wide range 
of industrial applications 

TYPE 0 
Octal plug-in 

TYPE L 
Solder- lug 

•• 
„er• • .1 " 

TYPE H 
Hermetically 

sealed 

TYPE T 
Screw 
Terminals 

TYPE HV 
Hermetically 

sealed 
Minimum 
mounting 

space 

Operating on input powers of 50 to 1000 
microwatts, the Barber-Colman Micro-
positioner is ideal for use as a null de-
tector in resistance bridge circuits, a 
differential relay in electronic plate cir-
cuits, and an amplifier in photo-electric 
circuits. Standard contact arrangement 
is SPDT, null seeking. Can be operated 
in excess of 100 cps. This ultra-sensitive 
polarized d-c relay has been widely used 
in many control applications . . . in nu-
cleonics, communications, instrumenta-
tion, process control, railway signal 
transmission, and aircraft temperature 
control and remote positioning. Write 
for Bulletin F 3961-4. 

See demonstrated at 

IRE SHOW — BOOTH 783 
New York City, March 21-24 

Barber-Colman Company 

Color TV Sockets and Components 

High Voltage Sockets 

UHF Sockets—Radiation Sockets 

Printed Circuit Sockets and Components 

Printed Circuits 

Rack and Panel Connectors 

Computor Components (Complete Plug-In Units) 

Sub-Miniature and Miniature Sockets 

Custom Molded Components 

Switches—Push 

Collector Rings and Commutators 

Plus the complete standard 
el line of Eby Components. 

4 * 

Se: seS141   

VÎt 

4702 Stenton Avenue, Philadelphia 44, Pa. 

Dept. 0, 1456 Rock Street, Rockford, Illinois 
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SEE AT THE 
I.R.E. SHOW! 
I.D. Toroids . . . 

Bobbin and Transformer Coils . . . 
Toroidal Taping . . . 
wound on these revolutionary 
BOESCH Winding Machines 

SUBMINIATURE TOROIDAL WINDER 

winding íi;" I.D. fine-wire Toroids 

AUTOMATIC TOROIDAL WINDER 

sector winding with 
variable speed control 

AUTOMATIC TOROIDAL WINDER 

360 winding with 7" shuttle 
and variable speed control 

SEMI-AUTOMATIC TOROIDAL WINDER 

-I" shuttle with 
variable speed control 

TOROIDAL TAPE WINDER 

winding Mylar Tape 

BOBBIN WINDER 

TRANSFORMER COIL WINDER 

All these machines will be 
demonstrated a. booths 705 and 802 . 

Write or wire today for additional information 

Teletype: Danbury 468 

A NEW ALLISON FILTER...CUT-OFFS DOWN TO 15 CPS 

The Model 2A 
CONTINUOUSLY VARIABLE 

PASSIVE NETWORK 
AUDIO FREQUENCY FILTER 

NO VACUUM TUBES • NO POWER SUPPLY 

Another Allison First ... the Model 2.A 
Filter engineered for extreme low fre-
quency application, ranges from 15 cps 
to 10,000 cps. It is a modified version of 
the tested and proven ALLISON Model 
1-A Filter. 

FEATURES 

• Low Pass, High Pass and Band Pass 
with Continuously Variable Frequency 
from 15 to 10,000 cps. 

• Passive Network ... No Power Supply, 
No Vacuum Tubes. 

• Low Loss ... Approximately 1 db. in 
Pass Band. 

• High Attenuation Outside Pass Band 
... 30 db/octove. 

• Maximum Input 5 Watts. 
• Designed for 600 Ohm Circuits. 

Model 2-B Filter 

(60 to 20,000 cps.) 

2950° 

Model 2-A Filter 

(15 to 10,000 cps.) 

3950° 
PRICES F O B FACTORY 

Write for Engineering Bulletin 

with Complete Teehnkal Data. 

allison laboratories 
1 4 1 8 4 SKYLINE DRIVE • PUENTE, CALIFORNIA 

Repneentatiew in Principal Citioà. 

fCOMIN 
SOON! 

DRAKE 
SOLDER 
DIP 
POTS 
For Printed 
Circuits 

• 

(THERMOSTAT 

CONTROLLED) 

DRAKE INDUSTRIAL SOLDERING EQUIPMENT 

  ;aleeCli= 

VAPOR- PROOF IRONS 
Sealed elements impervious to flux and other vapors. 
Field- proved longer life, greater efficiency. Heat radiat-
ing fins. 125 watts— tip . . . 225 watts—"A" tip. 

THERMOSTATIC 
HEAT CONTROL 
• Keeps any iron at right tem-

perature. 

• Removes oxide with twist 
of wrist. 

• Increases operator's efficiency. 

• Protects against fires and burns. 

• Assures longer service life 
for irons. 

• Cuts operating costs. 

SOLDER POTS 
A range of sizes and shapes for 
every requirement of production 
soldering. Long-lasting, replace-
able elements. Superior Drake 
quality throughout. Detachable 

cords and plugs. 

Coming Soon—Thermostatic Controlled Solder Dip Pots for Printed Circuits 

Write today for catalog 

3656 LINCOLN AVENUE 
DRAKE ELECTRIC WORKS, INC. CHICAGO 13 ILLINOIS 

362A WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE I.R.E. March, 1955 



(Continued from page 360A) 

During this period, Mr. Kiebert was re-
sponsible for technical design and coordi-
nation of the guidance and control prob-
lems of LARK, the initiation of the SPAR-
ROW project, major Navy computer proj-
ects, and Military Standardization pro-
grams in Telemetering. He has served on a 
number of panels and committees relating 
to missile, rocket and aeronautical electron-
ics activities. He is a member of the Insti-
tute of the Aeronautical Sciences, the 
American Institute of Electrical Engineers, 
the American Ordnance Association, the 
American Rocket Society, the Society of 
Motion Picture and Television Engineers, 
the Franklin Institute, the Engineering So-
ciety of Detroit, and the Audio Engineer-
ing Society. He is also National Chairman 
of the Professional Group on Telemetering 
and Remote Control. 

R. C. Johnson (A'50), an engineer with 
the Alaskan Air Command, was recently 
presented the Meritorious Civilian Service 
award by Major General George R. Ache-
son, commander of the Alaskan Air Com-
mand. The award to Johnson was one of 
only two such awards ever presented in 
this overseas theater. 

Mr. Johnson was presented the award 
for his chairmanship of the Traffic and Cir-
cuit Requirements Panel to the Alaskan 
Communications Study Group. This panel 
"established an integrated point-to-point 
communications circuit to tie in radar sites 
to military base areas in the Territory." 
Mr. Johnson recommended that all gov-
ernment and civil communication require-
ments be consolidated into a single, multi-
channel system to prevent duplication in 
engineering, manpower, equipment and 
circuits. The recommendation was then ap-
proved by Washington officials. 

Prior to his arrival in Alaska in 1950, 
Mr. Johnson was employed by the Bell 
Telephone and Telegraph Company in 
Boston for 15 years. A native of Harmony, 
Maine, Johnson graduated from the Uni-
versity of Maine in 1930. He is a member 
of the American Institute of Electrical En-
gineers. 

J. E. Gall (A'37—VA'39) has been 
awarded the Navy's highest civilian award 
for his "outstanding" work in the develop-
ment of improved electronic techniques 
and equipment. Mr. Gall is an electronics 
engineer with the Army Signal Corps in 
Washington. 

The award was made by Assistant Sec-
retary of the Navy James H. Smith and 
the citation reads: 

"By your outstanding achievements in 
the development of improved electronic 
techniques and equipment while employed 
in the Naval Research Laboratory, Wash-
ington, D. C., you have made exception-
ally significant contributions to the Navy. 
Your appreciation of human engineering 

(Continued on page 365A) 
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faster! more channels! 
more versatile! 

THE NEW POTTER DIGITAL 
MAGNETIC-TAPE HANDLER 
0 to 60 inches/sec. in 5 msec! 2, 6 or 8 channels 

High-speed magnetic tape recorders with low start-stop 
times bring a new dimension to data handling by absorbing 
and dispensing digital information when and where it's 
needed! Any phenomenon can be recorded as it occurs, 
continuously or intermittently, fast or slow. It can later 
be fed into computers, punch cards, printers, etc. 

Speeds of 60 inches per second with 5-millisecond 
start-stop times permit digital techniques with jobs previ-
ously requiring more expensive, less reliable methods. 
Typical applications include business problems, high-speed 
industrial control processes, missile study, and telemetering. 

In additon, Potter Magnetic Tape Handlers offer wider 
tape widths for more channels with lower tape tension 
controlled by photoelectric servos. Yet, the price is a frac-
tion of much less versatile recorders. Other data handling 
components and complete systems are available for special 
problems. 

DETAILED SPECIFICATIONS 

Model 

Number of Channels 

Tape Width (inches) 

Tape Speed (in./sec.) 

Reel Size (dia. in Inches) 

Reel Capacity (feet) 

Start Time 

Stop Time 

902M 

2 

1/4  

15/30 

101/2  

2,400 

902131 

6 

15/30 

101/2  

2,400 

902BK 902CJ 

6 8 

1/2 3/4  

15/60 15/30 

8 101/2  

1,200 2,400 

5 Milliseconds 

5 Mdliseconds 

902CK 

15/60 

8 

1,200 

For complete information, write to Department 10-F. 

eto 
POTTER INSTRUMENT CO., INC. 
115 Cutter Mill Road, Great Neck, N. Y. 
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LIGHT 
RUGGED 

traveling-usave tube 

Type SL24A-35 db 
minimum gain, 10 to 
100 milliwatts output. 

A series of tubes, as 
illustrated, is avail-
able, operating from 
2 to 12 kilomegacy-
cles—also complete 
amplifiers. 

Note that the unit 
shown combines so-
lenoid and tube with 
a total weight of only 
four pounds. 

Write for detailed 
information. 

An unusually comprehen-
sive research facility is 
maintained at SLC for con-
tract work in many phases 
of applied physics. 

STANFORD 

R EDWOOD CIT Y CA" FO" IA 

KLYSTRONS • PARTICLE ACCELERATORS 

ifrt 

HENRY P. SEGEL'S 

ftew Êeeildi#19 

ezedeA. gedihebt 

ftew e0,21 
MANUFACTURERS' 
REPRESENTATION 

_ 

- 

, This architect's sketch illustrates the new 
headquarters building now under con-

struction by the HENRY P. SEGEL 

COMPANY in Brookline (Boston Postal 
District) Massachusets. 

Here in these air-conditioned surround-

ings, industrial users and distributors 

will be able to view complete displays, 

inspect samples and obtain sales and 

engineering counsel regarding products 
mode by the following manufacturers: 

• BUD RADIO, INC. 
• CAMPBELL INDUSTRIES, INC. 

• CIRCUITRON, INC. 
• CLAROSTAT MFG. CO., INC. 

• CONNECTICUT TELEPHONE 
& ELECTRIC CORP. 

• FREED TRANSFORMER CO., INC. 

• GARDE MANUFACTURING COMPANY 
• T V PRODUCTS COMPANY 

• THE TURNER COMPANY 

This modern building is strategically 
located in close proximity to all major 

routes in and out of Metropolitan Boston, 

the country's leading research and 
development center. A thorough survey 
of the New England market indicates 

that this structure will provide a long. 

needed facility to properly serve the 
requirements of the industry. 

Manufacturers, wherever located, inter-
ested in having a type of representation 
in New England which will fulfill ALL 

requirements with vision and efficiency, 

plus warehousing faciities if desired, 

are invited to write for further infor-

mation about this far-sighted and 
aggressive project. 

HENRY P. SEGEL 

131 Newbury St.. Boston 16, Mass. 

Phone: KEnmore 6-3012, 6333, 9755 
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E. C. BALLENTINE 

(Continued from page 363A) 

problems, complex electronic equipment 
and operational needs, has resulted in note-
worthy pioneering accomplishment in the 
field of signal analysis. The new and revo-
lutionary signal analysis equipment devel-
opment on the basis of your endeavor has 
met with continuing success and has culmi-
nated in the production of valuable elec-
tronic equipment now in use by various 
components of the Armed Services. For 
these reasons, you are richly deserving of 
the Navy's Distinguished Civilian Service 
Award." 

Mr. Gall, a native of Trenton, New Jer-
sey, joined the Naval Research Laboratory 
in 1940, following work as an engineer with 
several radio manufacturing companies. 
He transferred to the Navy's Bureau of 
Aeronautics in 1950, and, in 1953, to the 
Army Signal Corps. Mr. Gall attended 
Purdue, Northwestern and George Wash-
ington universities. 

• 

Vincent Salmon (SM'46), manager of 
Stanford Research Institute's sonics sec-
tion, has been appointed editor of the 
"Journal of the Audio Engineering Soci-
ety." He succeeds Lewis S. Goodfriend, 
now editor of "Noise Control" published 
by the Acoustical Society of America. The 
journal deals with advances in techniques 
and instruments for high fidelity recording 
and reproduction of sound, in studio acous-
tics, audio components and measuring 
gear, public address and stereophonic 
sound systems design and in electronic 
musical instruments. 

Before joining SRI in 1949, Dr. Salmon 
headed research and development at Jen-
sen Radio Manufacturing Company, where 
he worked on horn theory, multiple-source 
loudspeaker units and the design of de-
vices used in radar countermeasures. 

In 1946 Dr. Salmon received the bien-
nial award of the Acoustical Society of 
America for the invention of a new family 
of horns. He is a Fellow of the AES and 
ASA. 

43, 

E. C. Ballentine (A'25-M'29-SM'43) 
has been promoted to Director of Engi-
neering for KORCAD, RCA distributors 

for Korea. In his 
new position he is 
responsible for all 
engineering activi-
ties and policies of 
the new company. 
Mr. Ballentine is 
also serving as con-
sulting engineer for 
several associated 
companies in Korea. 
A graduate of 

the University of 
North Carolina 

with the B.S. degree in electrical engineer-
ing, he was, for a number of years, with 
General Electric Company. 

(Continued on page 366A) 

new 

non-slip lacing tape 

GrUDELACE - H * 
rubber- coated nylon 

FUNGUS-RESISTANT...FLAME-RESISTANT 

This new braided nylon lacing tape has a 
unique rubber coating to prevent slipping. 
It is easy to handle, ties securely, speeds 
production because knots stay put! 

Another Gudebrod development! 

Write for complete information 
and a free trial supply today. 

GUDEBROD BROS. SILK CO.. INC. 

ELECTRONICS DIVISION EXECUTIVE OFFICES 

225 W. 34th Street, New York 1, N Y. 

• T.M 

12 S. 12th Street, Phila. 7, Pa. 

HEYCO NYLON STRAIN RELIEF BUSHINGS 
CUT PRODUCTION COSTS AND IMPROVE 

PRODUCT QUALITY 

1— SLIP OVER WIRE 

2— SNAP INTO HOLE 

With Heycos it's no longer necessary to tie wire 
knots or use insulating grommets. Product life 
is increased and product appearance is greatly 
enhanced. 

HEYMAN MANUFACTURING COMPANY 
Kenilworth 7 New Jersey 

Send wire sizes for free 

samples and specifications. 
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"Sure, We'll Ship From Stock!" 

.2 illable 
ENGINEERS • TECHNICIANS • 

N HUDSON DEPED ON 
FOR 

COMPLETE STOCKS 
COMPLETE SERVICE 

Call HUDSO.\ g 

Central Office rcle 6-4060 
Yes, you'll get TOP SERVICE, every time you write or 
phone — Because, as one of the largest distributors 
in the East, HUDSON is GEARED to serve the needs of 
industrial Users of Electronic equipment and com-
ponents. You can count on HUDSON for: 

• Huge and Complete Stocks of all Standard Brands. 
• Technically Trained Telephone Staff. 
• Engineering Consultation Service. 
• Outside Sales Staff. 

1955 HUDSON 
MASTER CATALOG 

1000 page reference 
work, needed by 
every Engineer, 
Technician, Purchas-
ing Agent. Send to-
day, on company 
letterhead for your 
FREE COPY. Dept. 

--1Çetle 

tee "4..à 
a III 
tte0`.-

ell M.1111011/ID FACTOR! 015111100n 

u son 
las110 41, 181111/1110111 COMP. 

ELECTRONIC 4 SOUND EQUIPMENT 

Centro Office 
48 West 48th Street 

New York 36, N. Y. 
Phone Clrcle 6-4060 

TRANSMITTING 
AND 

RECEIVING TUBES, 
BATTERIES, 

TEST EQUIPMENT & 
COMPONENTS 

WESGO... for the best 
vacuum tube ceramic 

WESGO AL- 300 

a very high alumina ceramic 
Non-gassing at elevated tempera-

tures • Extremely high strength • 

Very low loss at all frequencies • 

Vacuum tight • Very high bond 

strength to a "moly-manganese" 

metallized coating • Ceramics molded 

or ground to precise tolerances. 

• 

• 

• 

• 

Write for 
additional information 

WESTERN GOLD & PLATINUM WORKS 
589 BRYANT • SAN FRANCISCO 7, CALIF. 

ROBERT TATE 

It E People 

(Continued frost page 365A) 

G. K. Teal, Assistant Vice- President, 
has been appointed to head the Research 
Division of Texas Instruments Incorpo-
rated. As Assistant 
Vice-President for 
Research, he now 
has charge of all re-
search; the work 
involving many 
phases of electron-
ics and geophysics. 
Previously he head-
ed the Materials 
and Components 
Research Depart-
ment, with primary 
responsibility for 
semiconductor research. 

Dr. Teal was associated with Bell Tele-
phone Laboratories for 22 years before 
coming to Texas Instniments in January of 
1953. He has conducted research in photo-
electricity, secondary emission, photocon-
ductance, electron multipliers, silicon car-
bide varistors, heavy hydrogen, germanium 
and silicon rectifiers, microwave attenu-
ators, borocarbon resistors, germanium 
and silicon single crystals, and transistors. 
He has some 46 patents granted or applied 
for as a result of his research in these fields. 
A native Texan, Dr. Teal was born in 

Dallas and was graduated from Baylor 
University in 1927. He received the Mas-
ter's and Doctor's degrees in chemistry 
from Brown University, and later was re-
search associate in Prof. Harold C. Urey's 
laboratories at Columbia University. He is 
a member of the American Chemical Soci-
ety, American Physical Society, the Texas 
Academy of Science, Sigma Xi, and is pres-
ently Secretary-Treasurer of the Dallas-
Fort Worth section of the I.R.E. 

G K. TEAL 

Servomechanisms, Incorporated has 
named Robert Tate (A'53) to the position 
of Sales and Service Manager for its East-

ern Division. Prior 
to this appoint-
ment, Mr. Tate, 
who is well known 
in the field of air-
craft instrumenta-
tion and control, 
was Contracts and 
Service Manager 
for Kearfott Com-
pany, Incorporat-
ed. 

Mr. Tate is a 
member of the In-

stitute of Navigation and the American 
Ordnance Association. 

H. H. Newby (A'50—M'51), Chief Engi-
neer for KAKE Radio since it went on the 
air seven years ago, has been confirmed as 

(Continued on page 368,4) 
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for EFFICIENCY 

for SALES APPEAL 

Drake Signal and Jewel 
Light Assemblies will 
serve you better— that's 

why so many well-
known appliances 

have used them 
for years . . 

DRAKE 
Assemblies are 
known for expert design, 
patented features, top per-
formance—used by leading 
manufacturers in many 
fields— produced with the 
skill which comes with 
more than 20 years of 
specialization .. DRAKE 
can help you select or 
develop the unit which 
will do most for 
your appliance in 
both production 
and sales.. 

LET 

DRAKE 
QUOTE ON 

YOUR NEEDS... 

STYLES, SIZES, 

550 

678BH 

COMBINATIONS OF 
ALL KINDS! 
It's usually easy 
to select the ex-
act unit to serve 
you best from 
those already 
available in the 
big DRAKE 
line .. But we 
can develop a 

101 special design 
for you if re-
quired, as we 
have done for 
dozens of users. 

SEE US AT 

BOOTH 812 

I.R.E. SHOW 

DRAKE 
MANUFACTURING 

COMPANY 
1 7 1 1 West Hubbard Street 

CHICAGO 22, ILLINOIS 

Socket and Jewel 
LIGHT ASSEMBLIES 

Now you can 

‘Nrlaxam. almost any electronic assembly 

Ultra-fine whiskers in semi-conductor devices, 
shunts and header pins in relays, slit and 

filament assemblies for isotron and mass 
spectrometer guns, and electronic 

sub-assemblies of wide variation are now 
reliably and precisely joined at greatly 

increased production rates by the 
WFLDMATIC Model 1015. 

Ile WELDMATIC Model 1013 is a 
Iivirch-mounted precision resistance 
rider, compactly self-contained. 
Idmatic's stored-energy principle 

pet mits welding of copper, silver, 
lbigh-carbon steel, tungsten. 
molybdenum, and other "difficult" 
materials. Weldmatic millisecond 
cid-time insures reliable welds without 

discoloration, excessive deformation, 
or metallurgical change. Dissimilar 
metals and parts of widely different 
thicknesses are joined with ease. 
'I'he Model 1015 performs 
(.utstandingly in both laboratory 
.111d production line operation. 

SEE THE COMPLETE WELDMATIC LINE DEMONSTRATED. VISIT BOOTH 817. 
AUDIO AVENUE. KINGSBRIDGE ARMORY • I. R. E. SHOW • MARCH 21-24. 1955 

UNITEK CORPORATION 

256 North Halstead Pasadena 8, California 
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ABOVE ALL ... U. S. C. CONNECTORS 

980-34F2 
980-34HRS1- 980-34M2SL 

For use on rack and panel type 
equipment in communication 
and power circuits. 
U. S. C. heavy duty multi-con-
tact connectors offer 
• Maximum number of heavy 

current contacts 
• Mechanical and electrical de-

pendability of operation in a 
minimum of space. 

• available 7 to 34 contacts 

iimiumemere 
" UPCR•18 

U. S. C. Printed Card Recep-
tacles offer 
• ChannerStrene and Snap.. 

in Contacts 
• Dependability of operation 

over range of printed card 
thickness 

• Available . Single and double 
Row, Wire Solder and Wire 
Wrap - From 6 to 44 contacts 

M1- 34F M1-34M 

For Multi- Contact Plug-in 
• Maximum Strength 
• Dependable Electrica. Perfor-
mance 

• M;nirnum of Space 
• A.ailable 5 to 75 contacts 

Orer 1000 types °rode:Die 

Write us for information 
on your connector problems 

J U. S. COMPONENTS, Inc. 
Associated with U. S. Tool and Mfg. C•., inc. 

454-462 East 148th Street.. New York 55, N. Y. CYpress 2-6525-6 

For the 

Communications 

Industry 

A NEW SINGLE-SIDEBAND 

TRANS mirrING SYSTEM 

It is now possible to adapt AM trans-
mitters to twin-channel single-side-
band telephone, telegraph and facsimile 
operation. Single-Sideband operation, 
besides providing additional channels, 
improves the signal-to-noise and jam-
ming ratios, as well as appreciably re-
ducing fading effects. This new system 
uses Class-C amplifiers and therefore is 
the most efficient and non-critical 
method of producing single-sideband 
waves. 

We also have available a new system 
for producing Phase-Locked FSK waves 

and by the use of this equipment up to 
12 channels of teletype may be trans-
mitted over one transmitter. 

KAHN RESEARCH 

LABORATORIES 

Elizabeth Bldg., 22 Pine St. 

Freeport, L.I., New York 

Freeport 9-8800 

Export: RCA International 

30 Rockefeller Plaza, New York 20, N.Y. 

Microwave Development Laboratories 

INTRODUCES 
the Hughes H-Plane Folded T 

The outstanding H-plane folded hybrid T, 
inveuted and licensed by the Hughes Air-
craft Company, is now made available in 
production quantities by the Microwave 
Development Laboratories. Aluminum or 
beryllium copper precision castings, termi-
nated in flat flanges, available in two classes 
of performance in the frequency range 8500-
9600 mcs for RG 52/U waveguide. 

Standard 
V.S.W.R.: ( all arms) 1.12 
Isolation: (1 arms) ≥ 40 db 
Isolation: (// arms) ≥ 28 db 
Power Balance: equal -17.1 db 
Peak Power: 250 K.W. 

Special 
1.1 

≥ 45 db 
≥ 30 db 
equal -±-.1 db 

250 K.W. 

Send for complete data, prices, and delivery 
information. See new Microwave develop-
ments at Booth 377, the IRE Show. 

MiCI0e1Y8 Development Laboratories, Inc. 
92 Broad St., Wellesley 57. Mass. 

design • development • manufacture 

R. L. Roo 

(Continued frote page 366A) 

Chief Engineer for 
KAKE-TV, Wichi-
ta's first VHF sta-
tion to begirt tele-
casting operations. 
He has been in 
charge of engineer-
ing operations since 
last May. 

Separate trans-
mitting and studio 
plants are now un-
der construction. A 
50 kw RCA trans-

mitter and 1,000 feet Parkersburg tower 
topped by a 12-bay RCA antenna are a 
part of the station's equipment. A three-
quarter million dollar facility in the city 
houses operations. The main studio meas-
ures 60 by 80 feet and a second studio is 40 
by 30 feet. 

H. H. N EWBY 

L. M. Orman (SM'52) has been made 
Chief of the Fire Control Division, Devel-
opment and Proof Services, Aberdeen 
Proving Ground, 
Md. Colonel Orm-
an's division is re-
sponsible for ac-
ceptance testing 
and development 
work on the Army's 
fire control systems. 
Last year he held 
the position of Head 
of Test Group 
OCAFF Bd #4, 
Fort Bliss, Texas. 
He is the author of 
"Electronic Navigation" and many articles 
in service journals on radar and related 
subjects. 

Lt. Col. Orman holds the B.S. degree 
from the U. S. Military Academy and the 
M.S. degree from the Moore School of 
Electrical Engineering, University of 
Pennsylvania. 

Promotion of R. L. Rod (S'42—A'43— 
M'46—SM'50) to assistant to Vice-Presi-
dent of Bogue Electric Manufacturing 

Company has been 
announced. Mr. 
Rod will assist J. A. 
Herbst, Vice-Presi-
dent-Engineering, 
in the administra-
tion of engineering 
activities of the 
firm. 

Previously, Mr. 
Rod was Assistant 
Director of Re-
search and Devel-
opment and headed 

the company's activities in the develop-
ment of electronic devices. Before joining 
Bogue. in 1951, he was associated with 
Melpar, Incorporated and Radiomarine 
Corporation of America. He has assisted in 
the development of radar, microwave 
communications systems and ultrasonic 
instruments. 

L. M. ORMAN 
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COMMUNICATIONS EQUIPMENT CO. 

MICROWAVE COMPONENT-S 
10 CM.-RG48/U Waveguide 

IOCM ECHO BOX: Tunable from 3200-3333 Mc. 
For checking out radar transmitters, for spectrum 
analysis. etc. Complete with pickup antenna 
and coupling devices  $17.50 

POWER SPLITTER for use with type 726 or any 
10 CM Shepherd Klystron. Energy is fed from 
Klystron antenna through dual pick-up system 
to 2 type "N" connectors  $12.50 

LHTR. LIGHTHOUSE ASSEMBLY. Parts of 
RT30 APO 5 & AUG 15, Receiver and Trans. 
Cavities w/as.soc. Tr. Cavity and Type N CPT.O. 
To iteevr. Uses 2C40, 2C45, 11127, Tunable AUX 
2100-2700 MCS. Solver Plated  $15.00 

BEACON LIGHTHOUSE cavity p/o UPN-2 Beacon 
10 cm. Mfg. Bernard Rice. each  $27.50 

MAGNETRON TO WAVEGUIDE Coupler with 
721-A Duntexer Cavity, gold plated  $31.50 

72IA TR BOX complete with tube and tuning 
plungers  $12.59 

McNALLY KLYSTRON CAVITIES for 7078 or 
2K28. 2700-2900 Mr.  $4.00 

AS14A AP.I0 CM Pick up Dipole with "N" 
Cables  $4.50 

HOLM DELL-TO-TYPE "N" Male Adapters. W. E. 
213167284  $2.75 

I.F. AMP. STRIP: 30 MC. 30 d.b. gain, 4 MC 
Band- width. uses 6AC7's-with video detector. 
AYA'. less tithes  $17.50 

BEACON ANTENNA. AS31/APN-7 in Lucite Ball 
TYR' "N" feed  $22.50 

ANTENNA, AT49A/APR: Broadband Conical. 
300-3300 MC Type "N" Feed  $12.50 

"E" PLANE BENDS. 90 deg. less flanges - 97.50 

3 CM.-RG 52/U Waveguide 
3CM. DIPOLE FEED. 13" I.. for APR- 15 ... 214.50 
MITRED ELBOW. Cast aluminum. 1t4"x%" W.G. 
W. E. Flanges. "E" Plane  $3.50 

FLEX. WAVEGUIDE SECTION. 1 ft. long. With 
l'O-40/1'fl-39 flanges. Attenuation is less than 
0.1 db. at 9375 inc. and VSWR Is less than 
1.02  $7.59 

3 CM ANTENNA ASSEMBLY: Uses 17" parab-
oloid dish. operating from 24 vdc motor. Beam 
pattern: 5 deg. In both Azimuth and elevation. 
Sector Scan: over 160 deg. at 35 scans per 
minute Elevation Scan: over 2 deg. Tilt: Over 
24 deg.  $35.00 

Cross- Guide Directional Coupler. 170-40 output 
flange. Main fluide is 6" Long, with 90 Dec. 
"E" Plane bend at one end, and is fitted with 
Std. 110 39/110 40 flanges. Coupling (km , : 
20 dh Nnminal  822.50 

RG52/U Waveguide In 5' leneths, tilted with 1"ii 
flanges to 11:40. Silver plated .. per length $5.00 

Rotating- Joints supplied either with or without 
deck mountings. With l'Ol0 flanges . each, $17.50 

Bulkhead Feed•thru Assembly  $15.00 
Pressure Gauge Section will, 17, II,. gauge  S10.00 
Directional Coupler. Take off 20,11, $17.50 
MAGNET AND STABILIZER CAVITY For 2.141 
Magnetron  $24.59 

Rotary Joint choke to choke with deck mount 
ing  $17.50 

90 degree elbows. "E" plane 21/2 " radius _58.50 
ADAPTER. wavegulde to type 01-1.. 

Wit TS 12. TS-13 Fte  $7.50 
ADAPTER. UG-I63/U round cover to special RTI.. 
Flan, for TO 41. etc  $2.50 ea. 

PULSE NETWORKS 
15A-1-400-50: 15 KV, ”A" CKT. I microsee 409 
l'US. 50 ohms Imp.  $22.50 

6.E. 113E 13-84-8104 8-2.24-4054 50P4T 3KV "E" 
CKT Dual Unit: Unit 1, 3 sections. 0.84 klicrosee 
810 PPS, 50 ohms imp.: Unit 2. 8 Sections, 2.24 
mIcrosec. 405 PPS 50 ohms Imp.  $6 50 

7- 5E3- I-200•67P, 7.5 KV "E" Circuit. 1 mIcrosee. 200 
PPS. 67 ohms impedance 3 sections  $7.50 

:-5E4-16-60, 67P. 7.5 KV "E" Circuit. 4 sections 16 
mIcrortec. 60 PPS. 67 ohms Impedance  $15.09 

;•5E3•3- 200-67P. 7.5 KV. "E" Circuit. 3 microsee 200 
PPS ohms imp. 3 sections  $12.1n 

H-616 IOKV. 2.2 user., 175 PPS, 50 ohms imp.  $27.50 
Ii-6i5 IOKV, 0.85 user., 750 PI'S, 50 Mints imp.  $27.50 
KS8865 CHARGING CHOKE: 115-150 H @ .02A. 12 
-4011 e . 08A. 2IKV Test  137.59 

G.E. 25E5-1-350-50 P21'. "E" SKr 1 Mierosec  
e 350 PPS 59 091515 Impedance  169.50 

KS9623 CHARGING CHOKE: IGH (0 75 MA. 380 Otnnv 
DCR. 9000 Vac test  114.95 

G.E. 6E3-.5-2000 50 P2T: 6 KV.. "E" Circuit 0 5 user 
/2000 PPS/50 ohms/2 sections  $7.50 

PULSE TRANSFORMERS 
GE IIK2748-A. II.'; usec 0-r 2000 Pps. Pk. I',,-r. nut is 

12 KW. impedance 40:100 ohm. l'ri spits 2.3 KV l'k. 
Sec. volts 11.5 KV l'k. Rifler rated at 1.3 Amp Fitted 
with magnetron well  $24.50 

K.2745 Primary: 3.1/2.8 KV. 50 ohms Z. Secondary: 
14/12.6 KV 1025 ohms Z. Pulse length: 0.25/1.0 
usec @ 600/600 PPS, Pk, Power 200/150 KW. 
liffilar: 1.3 Amp. Has "built-In" magnetron 
well  $32.50 

K•246I-A. Primary: 3.1/2.6 KV- 50 ohms Sec-
ondary 14/11.5 KV- 1000 ohms Z. Pulse length: 1 
usec @ 600 PPS. Pk. Power 01st: 200/130 KW 
Butler: 1.3 Amp. Fitted with magnetron well $29.50 

I. F. AMPLIFIER STRIPS 
Model 15: 30 Mc center frequency. Bandwidth 2.5 Mc. 
gain figure: 65 di,. Uses 5 stages of 6Af'7's. Has D. C. 
Restorer and Video Detector. A.F.C. Strip included. 
Input inmetlance: 50 ohms. Less tubes  $17.50 

60 MC. Miniature IF strip. using 6AK5's 60 Me center 
Freq. Gain: 115,11, at Bandwidth of 2.7 Me. New. Com-
plete with tubes.  $17.50 

DELAY NETWORKS 
D-168184: 0.5 Isle. up to 2000 PPS. 1800 ohms .14.00 
D-170499: (1.27,/.5/.75/usee. 8 KV., 50 ohms  $8 53 
D- I65997 Delay 1.25 usec  Li.59 
RCA 1255686-502: 1.7 user, 1400 ohm intimdance $2.00 
D-162311. Delay of 0.5 usec. 72 ohms with 4 MC. 
Bandwidth  $4.75 

D•168435. Delay 0.5 unce. 555 ohms. 5tne. 11W _64.50 
D- 172578. 416 ohms imp.. 0.22 user. Delay  $4.75 
D- I50979: Oscillating network. Oscillates at 81.955 lie. 
When normal current of 10ma. Is interrupted. Has 
Inallt-In temperature control for stability. Assembled 
in shielded con 4" 1, x 4" Ilium  $4.35 

NAGIVETRI).N5 
Peak Peak Power Duty 

Type Range ( MC) Out ( KW) Ratio 
2.1121A 3345-9405 50 
2122 5267-3333 265 
2126 2992-3019 275 002 
2127 2965-2992 275 .002 
2129 2914-2939 775 
2131 2820-2860 285 .002 
2.132 2780.2820 285 .002 
2.138• 3249-3263 5 
2339° 3267-3333 8.7 
2148 9310-9320 so .on1 
2149 9000-9160 50 .001 
2156° 9215-9275 50 .001 
21625 2914.3010 35 .002 
3/31 24-27KMC sn .001 
4/34 2740-2780 900 
4138 3550-3600 750 .001 
41421 670-730 30 0,13 
5323 1044-1056 475 .001 
700B 690.700 40 002 
700D 710.720 40 .002 
706EY 3038-3069 200 .001 
706CY 2976-3007 2119 .001 
OK259t 2700-2909 800 .001 
QK6Ot• 2840.3005 . 100 CW 
OKMt• 2975-3170 . 100 CW 
QK62t• 3135-3350 . 100 CW 

7- Packaged with magnet. 
1-Tunable over indicated range. 

en? 

Price 
1 8.75 

7.50 
7 el 
13.50 
dd 
21.50 
21.50 
8.50 
8.50 

94.50 
54.50 
139.50 
32.50 
115.99 
87.50 
125.00 
169 sq 
49.50 
22.50 
39.75 
32.50 
39 50 

249.50 
65.00 
65.00 
65.00 

TEST EQUIPMENT 
• L&N #1553 RATIO BOXES  $275 
• ESTERLINE-ANGUS RECORDING 

MILLIAMMETERS, 0-1 MA $155 

400 CYCLE TRANSFORMER 
(All Primaries II5V, 400 Cycles) 

K513101 6.3V/I5A. 6.3V/0.9A. 6.3V/0.4A, 
6.3V/0.2A  $ 3.85 

KSI3104 1450VCT/0.283A. 1050VCT/0.217A  7.50 
KS9615 6.3V/4A. 3V/IA   1.57 
KS93I8 6.3V/4A, P/0 R-55/ARCI-9   1.35 
K 59608 1233/.35M A. I 140V CT/.07A   5.79 
352.7102 6.3V/2.5A   1.45 
M-7472426 1450V/1.0MA. 2.5V/.75A, 6.4V/3.9A, 

5V/2A. 6.5V/.3A, P/0 1D-39/ 
APG-13   4.95 

352-7039 640 VCT @ 380MA, 6.3V/.9A, 6.3V-
6A 5V/6A   5.49 

702724 9800/8600 @ 32MA   8.95 
K59584 5000V/290MA, 5V/I0A   22.50 
KS9607 734VCT/.177A, 1710VCT/.177A   6.79 
352-7273 700VCT/350MA. 6.3V/0.9A, 6.3V/ 

25A. 6.3V/.08A. 5V/CA   6.95 
352-7070 2x2.5V/2.5A (2KV TEST) 6.3V/ 

2.25A. 1200/100/750V. igi .005A   7.45 
352-7196 1140/1.25MA. 2.5V/I.75A. 2.5V/ 

1.75A-SKV TEST   3.95 
352-7176 320VCT/50MA, 4.5V/3A, 6.3V/CT 

20A. 2x6.3VCT/6A   4.75 
RA6400.1 2.5/1.75A, 6.3V/2A-SK V Test   2.39 
901692 I3V/9A 2.49 
901699.501 2.77V @ 4.25A-I0KV Test   3.45 
901698-501 900V/75MA, 100V/.04A   4.29 
Ux8855C 900VCT/.067A. 5V/3A   3.79 
RA6405-I 890VCT/65MA, SVCT/3A   3.69 
T-48852 700VCT/806MA. 5V/3A 6V/I.75A . 4.25 
352-7098 2590V/6MA, 300V CT/ I 35 M A   5.95 
KS9336 110V/50MA TAPPED 625V 2.5V/ 

SA   3.95 
M-7474319 6.3V/2.7A, 6.3V/.66A, 6.3VCT/2IA 4.25 
KS8984 27V/4.3A, 63V/2.9A, 1.25V/.02A   2.95 
52C080 650VCT/50MA, 6.3VCT/2A, 5VCT/ 

2A   3.75 
32332 400VCT/35MA. 6.4V/2.5A, 6.4V/ 

.I5A   3.85 
680631 1150-0-1150V 2MA   2.75 
800198 6VCT/.00006 KVA   1.75 
302433A 6.3V/9.IA, 6.3VCT/6.5A, 2.5V/3.5A, 

2.5/3.5A   4.85 
KS 9445 592VCT/118MA, 6.3V/8.IA. 5V/2A 5.39 
KS9685 6.4/7.5A. 6.4V/3.8A, 6.4/2.5A   4.79 
70G3OG I 300VCT/36MA   2.65 

DYNAMOTORS 
INPUT OUTPUT 

TYPE VOLTS AMPS VOLTS AMPS Price 
35X.059 19 3.8 405 .095 $4.35 
POSX-I5 14 2.8 220 .08 8.95 
DA-7A 28 27 1100 .400 15.00 
DM 33A 28 7 540 .250 3.95 
23350 27 1.75 285 .075 3.95 
B- I9 12 9.4 275 . 110 6.95 

503 .050 
DA•3A` 28 10 300 .260 6.95 

150 .010 
14.5 5. 

PE 73 CM 28 19 1000 .350 17.50 
BD 690 14 2.8 220 .08 8.95 
DAG-33A 18 3.2 450 .06 2.50 
DM 250 12 2.3 250 .05 6.95 
BOAR 93 28 3.25 375 . 150 6.95 
t Less Filter. • Replacement for PE 94. 
t Used. Excellent, 

PE 94-, Brand New 5  95 

IN 
800-IB Input 24 vdc. 62 A. Output: 115 V. 800 cy, 7A. 
I phase. Used, excellent  $18.75 

PE- 218H: Input: 25/28 vdc. 92 amp. Output: II5V 350/ 
500 cy 1500 Volt-ampere. NEW  $32.50 

PE206: Input: 28 vdc, 36 amps. Output: 80 V 800 cy. 
500 valt-amp. Dim. 13 x 51/2 x 101/2 . New  522.50 

EICOR-ML 3011-5, Input: 13.75V: I8.4A, Output: 115 
V/400,-, 3o), 0.95 PF. New  $59 

PU 7/AP. Input: 28 vdc/I60A. Output: 115 VAC. 
400-, 16, 2500 VA., 21.6 Amp. Volt, and Freq. Reg. 
Used. Exc.  $75 

MICROWAVE ANTENNAS 
3 cm. Horn, 1" x 1/4 ", with twist and 

180 deg. bend. With dielect ric 
window  As shown $22.50 

AT49/APR-Broadhand Conical, 301)-
33(10 MC, Type N Feed  $8.95 

Discone Antenna. AS 125 APR. 1000-3200 mc Stub 
stipported with type "N" Connector  $14.50 

AS14A/AP. 10 CM pick up dipole apsy, complete w/ 
length of coax and "N" connectors  11.59 

AS46A/APG-4 Vagi Antenna. 5 element array .. 922.50 
30' Parabolic Reflector Spun Aluminum dish  $4.85 
AN/APA-12-Seetor Scan adaptor for APS-2 radar 
Complete Kit  $37.50 

TPS-3. 10 Ft. Dish, "Chicken Wire" Parabola. Ex-
tremely lightweight, portable  $125.00 

AN- I54 5 vertical dipoles working against a rectangu-
lar ntesh approx. 3'x4'. Freq. 140-200 me. with 
lolling switch ( 115v, 60 cl) and portable slatted 
crate. Extremely rugged  $27.95 

LP- 24 Alford loop. for use with glide- path transmitters 
(MRN-I. 1,,,, I'S  $32.50 

POWER TRANSFORMERS 
COMBINATION-I 1 5V/60 - INPUT 

CT- 133 150-C-150V/65MA, 6.3V/2.5A. 6.3V/ 
$1.79 

CT- 127 900V/25MA PK. 5V/2A, 2V/7.5A   
CT-006 350-0-350V/120MA, 5VCT/3A, 

2.5VCT/12.5A. 2.5VCT/3.5A   4.3'1 
CT-965 78V/0.6A. 6.3V/2A   1.95 
CT-004 350-0•350V/90MA, 5VCT/3A, 

2.5V CT/ I 2.5A   4.60 
CT-002 350-0-350V/50MA, SVCT/2A. 2.5VCT 

/7.5A   3.65 
CT-479 7000V/.018A (2 X Ind. V. Test) 2.5V 

5A/I7.800 V. Test   29.50 
CT-013 450.0-450V e 200MA, 10V/1.5A. 2.5V 

3.5A 5V/3A   6.95 
CT-403 350VCT .026A 5V/3A   2.75 
CT-931 585VCT .086A 5V/3A, 6.3V/6A   4.25 
CT•929 4200V/.001A, 2.5V/2A, 6.3VCT/.6A   5.35 

PLATE-115V/60 - INPUT 

PT 07 400VCT/4.0 AMPS For RA43  $17.50 
PT 034 I25V/45MA   1.15 
PT 157 660-0-660VAC (500VDC) or 550-0-

550VAC (400VDC) at 250 MADC  8.70 
PT 167 1400-0-1400 VAC (300MADC) or 1175-

0-1175 VAC ( 1000VDC) at 300 MADC 25.50 
PT 168 2100-0.2100 VAC ( 1750VDC) or 1800-

0-1800 VAC ( 1500VDC) at 300 MADC 33.00 
PT 371 210-0-210V at 2.12 Amp.   9.45 
PT 133 3140/1570V. 2.36KVA  103.00 
PT 801 22.000V/234 MA., 5.35 KVA  135.00 
PT 521 7500V/.06A. Half- Wave   es.no 
PT 913 2500V/I2 MA H'SLD   4.95 
PT I2A 280VCT/1.2A   3.95 
PT-38-2 37.5/40V AT 750 MA   2.15 

FILAMENT-115V/60 - INPUT 
FT- I40 SVCT M  10A 25KV Test 
FT- I57 4V/I6A. 2.5V/2.75A   
FT- 101 6V/.25A   

  17.50 
2.95 
.79 

FT•924 5.25A/2IA, 2x7.75V/6.5A   14.95 

THERMISTORS 
D-164699 Bead Type DCR: 1525-2550 Ohms 26 75 Deg. 

F. Coefficient: 2% Per. Deg. Fahr. Max. Current 

2.5%. Watt   

25 MA AC/DC   
19•167332 Bead Type. OCR Is 1525-2550 Ohms, Rated 

25 MA at .825-1.175 V DC   
D-167613 Disk Type OCR: 355 Ohms 1# 75 Deg. F P$$:0.«.11,1005 

D- I66228 Disk Type 7120 Ohms (0 60°F. 4220 Ohms M$1.00 
80°F. 2590 Ohms M 100°F., 1640 Ohms e 120°F. $ 1.00 

MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.O.B. NEW YORK CITY. 25 % DEPOSIT WITH ORDER. BALANCE C.O.D. RATED CONCERNS SEND P. 0, 

131 Liberty St., New York 7, N. Y. Dept I-3 Chas. Rosen Phone: Dlgby 9-4124 
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PROFESSIONAL ENGINEERING 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 

THOMAS H. BRIGGS 
Electronics Consultant 

ELECTRON TUBES—Materials, processing, ap-
plications and reliability 

AUTOMATION—Printed wiring, and electro-
mechanical device developments 

Box 185, RD/t2 Tel. No. 8-7671 
Norristown, Pennsylvania 

Edward J. Content, P.E. and Staff 

INTERNATIONAL RADIO CONSULTANTS 
Pan American Radio Tangier Intl Zone 

Bldg., 16 Rue Delacroix Morocco 

Specialized in the design, construction, 
foreign, Electronic, projects, and advising 
governments at Int'l Telecommunications 
Union. 

CROSBY LABORATORIES, INC. 
MURRAY G. CROSBY & STAFF 
RADIO-ELECTRONIC RESEARCH 
DEVELOPMENT & ENGINEERING 

COMMUNICATIONS, FM & TV 

ROBBINS LANE 
HICKSVILLE, NEW YORK 

HICKSVILLE 3-3191 

TRANSISTOR ENGINEERING 
S. Moskowitz D. D. Grieg N.J. Gottfried 
Product Tronsistorization. Complete service in 
consulting, research, development, and produc-
tion on transistor circuitry, products and in-
strumentation. 

c/o Electronic Research Associates, Inc. 
67 East Centre Street, Nutley, N.J. 

NUtley 2-5410 

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 

FREDERICK RESEARCH CORPORATION 

Carl L. Frederick, D.Sc., President 
Bethesda 14, Maryland • OLiver 4-5897 

Engineering Research and Development, Eval-
uation, Technical Writing and Publishing—Elec-
tronic and Electro-mechanical Systems, Test 
Equipment, Radio Interference, Instrumentation, 
Controls. 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J, Upper Montclair, N.J. 
Offs & Lab.: Great Notch, N.J. 

Phone: Montclair 3-3000 
Established 1926 

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 

Specialize in Design and Development of 
Transformers, Chokes, etc. 

for the 
Electronic, Industrial and Allied Fields. 

Westbury, L.I., N.Y. WEstbury 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 CHelsea 2-7855 

INTERFERENCE TESTING AND 
RESEARCH LABORATORY, INC. 

Rexford Daniels E. T. Buxton P. B. Wilson 

150 Causeway Street, Boston 14, Mass. 
Lafayette 3-7826 

Specializing in the design and testing of 
equipment to meet Military and FCC specifica• 
tions for radio interference. 

LEONARD R. KAHN 
Consultant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Modulation Theory 

Television Systems 

Elizabeth Bldg., 22 Pine St., Freeport, Li, N.Y 
Freeport 9-8800 

George W. Baker, Pres. 

KIP ELECTRONICS CORPORATION 

Electron tube consulting and design. 
Research and development and preparation of 
prototype electron tubes. 

29 Holly Place, 
Stamford, Connecticut 

Phone 48-5328 

Harry W. Houck Martial A. Honnell 
John M. van Beuren 

RESEARCH ENGINEERS 
Specialists in the Design and 

Development of Electronic Test Instruments 

c/o MEASUREMENTS CORP. 
BOONTON, N.J. 

L. J. CASTRIOTA M. WIND 

S. W. ROSENTHAL P. G. MARIOTTI 

Microwave Consultants 
Radio Frequency and Microwave Components 

Cable—Wave guide—Coax 
Dielectric Evaluation 

Telephone G.P.O. Box 844 
BOulevard 3-2096 Brooklyn 1, N.Y. 

Olympic Radio & Television, Inc. 
Radio—Electronics 

Consulting—Research—Development 
Environmental Tests Performed 

for the Industry 

B. Penen — E. Bradburd 

Olympic Building, Long Island City I, N.Y. 
STillwell 4-6961 

1955 
RADIO ENGINEERING 

SHOW 
March 21-24, 1955 

EVERT M. OSTLUND 
Consulting Radio Engineer 

Radio—Microwave 
Communication—Control 
Systems and Equipment 

Planning, R ch, Development 
ANDOVER, NEW JERSEY 
Tel.: Lake Mohawk 8635 

N. G. Parke S. J. O'Neil 

Parke Mathematical Laboratories, Inc. 
Specialists in engineering analysis and 
computation in the fields of electronics and 

aeronautics. 
Independence Court • Concord, Massachusetts 
Telephone Concord 827 

PENN-EAST ENGINEERING 
CORPORATION 

(Formerly—Atlantic Electsonics Corp. 
of Port Washilgton, N.Y.) 

Designers of Industrial Controls 
Gereld L. Tawney, Robert R. Sparacino, 

Warren M. Janes, Arthur J. Pretty, 
Richard C. Tawney 

P.O. Box 240, Telephone Kutztown 2675 

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. 

SIDNEY PICKLES 

Consulting Radio Engineer 
Antennas & Transmission Lines 

Phone: 
Monterey 5-3379 

Post Office Box 643 
MONTEREY, CALIFORNIA 

RADIO SONIC CORP. 
ENGINEERS—QUALITY ASSURANCE 

Testing, Processing 
Electron Tubes, Semiconductors, Models. Produc-
tion Test Equipment. Ant , Analyzers, Power 

Supplies, Ultrasonics, Advanced Development 

G. EMERSON PRAY, PRESIDENT 
32 W. 22nd St., New York 10, N.Y. ORegon 5-0085 

Paul Rosenberg Associates 
Consulting Physicists 

100 STEVENS AVE S SWINT VERNON, NEW YORK 

CABLE: PHYSICIST Mount Vernon 7-8040 

M. D. Ercolino and Associates 

ANTENNA CONSULTANTS 
Research and Development 

Communicat on Arrays 
Commercial and Amateur 

FM and TV 

c/o TELREX, INC. ASBURY PARK, N.J. 
Phone Prospect S-7252 

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. HUnter 2-7876 
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THE NEW 

HIGH SENSITIVITY 
MULTI-RANGE TEST SET 

PRECISION 

GIVES YOU WHAT YOU WANTED 

20,000 OHMS PER VOLT D.C. 

5,000 OHMS PER VOLT A.C. 

The /120' gives you . . . 

4 MORE RANGES 

J AN EXTRA- LOW RESISTANCE RANGE 
4 AN EITRA-LOW VOLTAGE RANGE 

4 AN EXTENDED LOW CURRENT RANGE 

4 A LARGER WEER SCALE FACE 

4 SIMPLE, POSITIVE RANGE SELECTION 

d POSITIVE CONTACT JACKS and PLUGS 

Compare These Wide Spread Ranges 
and Speciai Features: 

*I1 DC VOLTAGE RANGES: 20,000 ohms per volt. 
*8 AC VOLTAGE RANGES: 5,000 ohms per volt. 

0-1.2-3-12-60-3C0-600-1200-6000 volts. 

*8 AC OUTPUT RANGES: same as AC voit ranges. 
Built-In 600 volt Mocking capacitor. 

* 7 BC CURRENT RANGES: 
0-60-330 Microamperes. 0-1.242-120-600 Ma. 
0-12 Amperes. 

*5 RESISTANCE RANGES: self-contained. 
0-200-2000-200.000 ohms. 0-2-20 niegohms. 

*8 DECIBEL RANGES: —20 DB to +77DB. 
o CB = 1 Milliwatt, 600 ohms. 

*EXTRA LARGE 51/4 " RIGGED PACE' METER: 
40 microamperes sersitivity, 2% accuacy. 

*1% MULTIPLIERS and SHUNTS: 
Wire-wound and deposited film types. 

*TWO JACKS SERVE All STANDARD RANGES: 
Separately identified and isolated jacks 
provide for extra high ranges. 

* "TRANSIT" SAFETY POSITION on range selector 
protects meter durng transport and storage. 

*CUSTOM-MOLDED PHENOLIC CASE and PANEL: 
Compact, laboratory.ryled instrument. 

MODEL 120... complete with Intenal ohmmeter 
batteries, banana-plug test leads and detailed 
operating manual. Overall case dimensions, 
53,43 z 7 x Net Price $39.85 

PRECISION APPARATUS CO., INC. 
70-31 84th Street, Glendale 27, L. I., N. Y., 

Exp3rt: 458 Broadway, New York 13, U. S. A. 
Canada:At las Rodi• Corp., Ltd., 560 King si. W., T 21 

INDEX AND 
DISPLAY ADVERTISERS 
What to See at the Radio Engineering 

Show  IA 

Meetings with Exhibits  6A 

News—New Products  42A 

Industrial Engineering Notes  52A 

Professional Group Meetings 63A 

Section Meetings   100A 

Positions Open   286A 

Positions Wanted by Armed Forces 

Veterans   298A 

IRE People .   358A 

DISPLAY ADVERTISERS 
ACF lndustres, Inc  312A 

Admiral Corp.    300A 

Advance Electronics Co.  37IA 

Aerovox Corp.  76A, 77A 

Air Marine Motors, Inc.   178A 
Airborne Instruments Lab., Inc.   I67A 

Aircraft Armaments, Inc.    3I6A 

Aircraft Marine Products, Inc.  47A, I77A 

Aircraft Radio Corp.   372A 

Aircraft Transformer Co.  358A 

Airpax Products Co.   I89A 

Airtron Inc.  224A, 292A 
Alden Products Co.  357A 

Alford Mfg. Co., Inc.   112A, 234A 

Allen-Bradley Co.   .. 84A 

Allied Radio Corp.  202A 

Allison Laboratories  362A 

Alpha Wire Corp.  353A 

Altec Lansing Corp., Peerless Div.   I92A 

American Elite, Inc.  346A 

American Lava Corp.   I7A 

American Machine & Foundry Co.  32SA 

American Phenolic Corp.  57A. 59A, 6IA, 63A 

American Television & Radio Co.   I98A 

American Time Products, Inc.  86A 

Amperex Electronic Corp.  I57A 

Ampex Corp.  34A 

Andrew Corp.  8 IA 

Apex Coated Fabrics, Inc.  222A 

Apex Machine Company  354A 

Applied Science Corp. of Princeton  296A 
Arco Electronics. Inc.  220A 

Aremac Associates  245A 

Arnold Engineering Company   .. 106A. 3I5A 

Assembly Products, Inc.   344A 

Astron Corp.  228A 

Automatic Electric Corp.   .. 2I9A 

Avion Instrument Corp.  352A 

Ballantine Laboratories, Inc.  22A 

Barber Laboratories, Alfred W. .  370A 

Barber-Colman Co., Aircraft Div.  36IA 

Barker & Williamson, Inc.  BOA 

Bart Laboratories Co.   249A 

Bell Aircraft Corp.  3I5A 

Bell Telephone Laboratories  4A 

Bendix Aviation Corp., Institutional  9A 

Bendix Aviation ( Eclipse- Pioneer)  I54A 

Bendix Aviation ( Missile Section)  320A 

Bendix Aviation ( Pacific Div.)  97A 

Bendix Aviation ( Radio Comm. Div.)  297A 

Bendix Aviation Corp. ( Scintilla Div.)  237A 

Bennett Mfg. Co.  274A 

Bliley Electric Co.  283A 

Blonder-Tongue Labs.  206A 

Bodnar Industries, Inc.   I86A 

Boeing Airplane Company     299A 

Boesch Mfg. Co., Inc.   .362A 

Bogart Mfg. Corp.  2I3A 

Bogue Electric Mfg. Co.  SA 

Bomac Laboratories, Inc.   109A 

Boonton Radio Corp.  45A 

Bourns Laboratories  240A 

PHASE MEASURING 
INSTRUMENTS  
0 CPS to 500 MC 

PHASE IlETER 
TYPE 405 

• 8 CPS to 100 KC with 0.5 relative 

accuracy. 

• Meter Reading independent of sig-

nal amplitude. 

PHASE DETECTOR 
TYPE 205 

• 100 KC to 15 Megacycles. 

• Measures Time Delay, Envelope De-

lay with 1% Accuracy. 

PHASE ANGLE 
COUNTER  

TYPE 1011-2-6 

• 0 CPS to 1000 CPS 

• -211 Count per 100,000 Accuracy 

H-F PHASE METER 
TYPE 2 1 3 

• 15 KC to 500 Megacycles 

• Measures phase angle between two 

voltages, vector difference of two 

voltages. 

 VARIABLE 
DELAY LINES  
CONTINUOUSLY VARIABLE 

with less than 5 x 10" Seconds 

Resolution Time 

TYPE TIME DELAY 
505 0 to 0.05 us 
505a 0 to 0.1 us 
506 0 to 0.25 us 
506a 0 to 0.17 on 

TYPE TIME DELAY 
5066 0 to C.28 us 
506e 0 to 0.32 us 
506d 0 to 0.38 us 
508 0 to 0.4 us 

STEP VARIABLE 
with equal input and 

output impedance 

TYPE 

SPECIFICATIONS 
MAXIMUM MAXIMUM 
DELAY RISE TIME 

601 2.2 Ls 0.22 us 
602 2.75 us 0.14 us 
603 27.5 us t.41 us 

WRITE FOR DATA! 

ADVANCE 
ELECTRONICS CO., INC. 
451 HIGHLAND AVENUE, PASSAIC, N. J. 

VISIT BOOTH 787 I.R.E. SHOW 
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DISPLAY ADVERTISERS 
Braun Tool & Instrument Co., H.  266A 

Briggs, Thomas H.  370A 
Buckbee Mears Co.  40A 

Budd-Stanley Co., Inc.  50A 

Budelman Radio Corp.   I66A 

Burlingame Associates  335A 
Burlington Instrument Co.  244A 

Burroughs Corporation  337A 

Bussmann Mfg. Co.  24A 

Caledonia Electr. & Transi. Corp.  236A, 302A 
Calif. Inst. of Technology, Jet Prop. Lab. ... 321A 
Cambridge Thermionic Corp.  66-67A 

Canadian Radium á Uranium Corp.  336A 

Cannon Electric Co.  2IA 

Capitol Radio Engineering Institute  272A 

Carter Motor Co.  239A 
Chatham Electronics Corp. ...... .. 98A, 99A, 31IA 

Chester Cable Corp.  36A 

Chicago Standard Transformer Corp.   140A 
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rely on ARC Test Equipment! you can 

Type H-14 Signal 
Generator 

Type H- I6 Standard 
Course Checker 

when there's 

margin for NO 

ERROR-

Unerring precision is yours in the ARC Type H-14 
Signal Generator! For either pre-flight or bench 
checks, this instrument tests all ARC Omni and 
Localizer Receivers with vital accuracy and speed. 
The H-14 clears one unit or a complete squadron 
... in under sixty seconds! 

Checking up to 24 omni courses, to-from and 
flag-alarm operation, omni course sensitivity, cali-
bration accuracy and left-center-right on localizer, 
the versatile H-14 also may be used to transmit 
voice instructions to pilots along with test signals. 

ARC supplies the watchdog H-16 Standard 
Course Checker for exact course accuracy and 
phase measurement checks on the H-14, or any 
other omni signal generator. Both instruments 
available from factory only. Write for literature. 

Dependable Airborne Electron'c Equipment Since 1928 

Aircraft Radio Corporation 
BOONTON, NEW JERSEY 

Omni Receivers • 900-2100 Mc Signal Generators • UHF and VHF 

Receivers and Transmitters • ili-Wott Audio Amplifiers • 10-Channel 

Isolation Amplifiers • LF Receivers and Loop Direction Finders 
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FOR SCIENCE and INDUSTRY 

Eeeere - Pedde fd 
NEWEST PULSE GENERATOR 

• Operation to 330 KC 

• Variable Duration and Delay 

• Low Internal Impedance 

LOW COST... 

VARIABLE 
PULSE GENERATOR...Model 4120A 

HIGH PERFORMANCE 

A truly wide-range laboratory- type unit — a 
basic instrument for pulse circuit test and 

development. Its versatility, compactness and 
simplicity of operation allow wide application 

in production and laboratory testing of: 
Computers...Telemetering...Television...Magnetics 

' ... Nuclear Research and Development...Radar 
...Navigational Systems. 

• 33 CPS to 330 KC Rep. Rate • 1 to 100 ps Delay • .3 to 

100 ps Pulse Width • At least 50 V Amplitude • . 1 pS Rise 

Time • Blocking Oscillator Sync. Pulse • 31/2 "x19" Standard 

Rack Panel • Complete with Regulated Power Supply 

41Ik err fre 

01.10,410 

Write for Complete Data: Our Bulletin 4120A/I 

The Model 4120A Variable Pulse Generator.is the 
latest addition to the Electro-Pulse line of pulse 
instrumentation which includes Analog and Digital 
Time Delay Generators, Pulse Oscillators and the 

2100 series precision Pulse Generators 

Model 2120A PULSE GENERATOR 

Representatives in Major Cities 

Eeeepto-pade,/e 11811 MAJOR STREET, CULVER CITY, CALIFORNIA 
Telephones: EXbrook 8-6764 and TExas 0-8006 
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CIRCULATOR 

MICROWAVE POWER 
SEASUREAIENT 

FROM DEGREES.. 

SPECIFICATIONS  

Av. Power 0.600 watts 

Peak 60i) KW 

VSWR 1 1 max. 

Freq. range 

Basic und 
• 2.6 to 3.95 kmc 

With Adapters 
2.6 to 180 kenc 

... TO WATTS 
directly! 

WATTM ETER 
TERMINATION 

CUBIC'S 2- UNIT CALORIMETRIC 
WATTMETERS 

. . . for obtaining direct power 

readings in testing electronic 
equipment —without guessing! 

Three of the world's largest producers of electronic equip-
ment have recently made CUBIC Calorimetric Wattmeters 

standard test equipment in their laboratories and plants. 
For very good reason. No other instrument designed for 

power measurement gives you direct power readings... with such precision, 
and yet so simple in its application. 

The model show" is the MC- 1B for power measurement from 2600 to 
26,500 MC. Also available are the models MCX-1A (coaxial type) for 
power measurement from 100 to 3000 MC, and MCL-1A (L- Band wave-

guide type) for power measurement from 1120 to 2600 MC. 

Whether checking field equipment, developing or making acceptance 
tests on new equip-rent or magnetrons in the lab, or in production, one of 
CUBIC'S Calorimetric Wattmeters will be an invaluable addition to your 
test equipment. Standard laboratories calibrate secondary power devise, 

especially bridge type bolometer instruments. Exact calibration is pro-
vided month to month. 

Write for more information, and ask for our catalog of other test equip-

ment and waveguide components. Or if you have a problem in development 
or engineering‘ CUBIC offers the service., of its engineering staff and facili-
ties in its solution. 

Cu OC CUBIC ELECTRONIC EQUIPMENT 

RESEARCH...DEVELOPMENT 
2481 CANON STREET. 

CO RO Fe CD F2A1-140 NI SAN DIEGO, 6, CALIFORNIA 
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.900-2000 ME0aY0LE3 

900 to 2000 Mc 

Oscillator 

The latest addition to the line of G-R Unit Instruments is the 

Type 1218-A UHF Unit Oscillator . . . a well designed, well-engi-

neered signal source which provides high power at ultra-high fre-
quencies, and costs much less than existing u-h-f generators. 

, This instrument is remarkably versatile. It can be modulated 

with either square waves or pulses. Its frequency can be adjusted 
accurately in slight increments at any point over its wide range. It is 

a general-purpose, thoroughly shielded source of power for use in 

laboratory or field. It is useful not only for driving slotted lines and 
the Admittance Meter but also for exciting antennas for field-strength 

measurements, and for high-frequency research and development 
work on pulse-type equipment of all kinds. 

The Oscillator is designed to work with the many other G-R Unit 

Instruments — Oscillators, Amplifiers, Null Detectors, Pulse Gener-
ators, High-Frequency Detectors, Crystal-Controlled Oscillators, 

Power Supplies — to form a wide variety of flexib:e, economical 

measuring systems. These "building blocks" provide, without frills, 
the most in performance at lowest cost. 

CIRCUIT: Grid- separation triode oscillator uses 
Type 5675 UHF Pencil Tube. Une sections with slid-
ing contacts used to tune plate and cathode. 
FREQUENCY RANGE: 900-2000 Mc. 
HIGH UHF OUTPUT POWER: Continuously 
adjustable from low values to minimum of 200 milli-
watts into 50 - ohm load. 
FREQUENCY CALIBRATION: Direct reading 
to 1% with slow-motion drive. 

INCREMENTAL FREQUENCY CONTROL: 
(cannot be seen in photo). 
FREQUENCY DRIFT: Not over 0.1% per day. 
MODULATION: Many kinds of external modula-
tion can be applied: Sinusoidal amplitude modula-
tion, pulse modulation and square-wave modulation 
from about 100 to 5000 cps. 
AUTOMATIC CONTROL: Voltages can be in-
serted in series with the plate to hold the amplitude 
constant as frequency is varied. Voltages also can be 
inserted la series with the grid for electronic control 
of frequency. 

WE SELL DIRECT— Prices are net, FOB Cambridge or West Concord, Mass. 

GENERAL RADIO Company 
275 Massachusetts Avenue, Cambridme 39, Messeanesetts, U.S.A. 

90 West Street NEW YORK 

sass um St., Silver Spring, Md. WASNINNTON. K. C. 
990 S. Miehitsetts Avenue CHICAGO S 

1000 N. Seward Serest LOS ANGELIS 30 

Type 1218 -A 
UHF Unit Oscillator 

complete with patch cord 

.00 

LOW NOISE: f-m noise due to vibraticn and 
rnicrophonics is unusually low. Rectifier and filter for 
the heater voltage are built in to reduce modulation 
by the power- line frecuency. 

POWER SUPPLY REQUIRED: Type 1203-A 
Unit PowersupplY ($40) for operation from 1I5- volt, 
50-60 cycle power. The Type 1202-A Unit Vibrator 
Power Supply ($ 125 for operation in the field from 
6 or 12 - volt storage battery. 
ACCESSORIES: Type 1217-A Unit Pulser for 
direct pulse modulation. 

Type 1000-P7 Balanced Modulator for amplitude 
modulation up to 100% with negligible fm and 
pulsing with fast rise time and short duration. 

Type 874 Coaxial Elements such as adaptors, at-
tenuators, filters, voltmeters, mixers. 
Type 1750-A and 1263-A Sweep Drive and Ampli-
tude- Regulated Power Supply for automatic sweep-
ing over the oscillator frequency range. 
Type 480-P7UI Panel for mounting Type 1218-A 
UHF Oscillator in standard laboratory re:ay rack. 

Types 1217-A $225, 1000-P7 $225, 480-P7UI $ 14, and 
874 Coaxial Elements are available from stock for 
immediate shipment. Types 1750-A and 1263-A will 
be available shortly. 

SEE OUR EXHIBIT at the IRE SHOW 
251-255 INSTRUMENTS AVENUE 

A preview of new G- R measuring 
equipment for 1955 including: 

Universal Z..Y Bridge...measures any a-f impedance 
from short circuit to open circuit, balanced or un-
balanced, grounded or direct. 
Radio- Frequency Bridge ... for measuring directly 
the reactance and resistance of antennas, transmis-
sion lines and r . f circuit elements. 
Sweep Drive...a unique mechanical drive to simplify 
measurements by automation; attaches to any shaft 
for automatic sweeping of oscillators, potentiome-
ters, switches and other devices. 

900-2000 Mc Signal Generator .... a companion unit 
to the popular 50 - 250 Mc and 250 - 920 Mc Type 
1021-AV and AU Signal Generators; three interchange-
able oscillator sections and one power supply make 
possible complete coverage of the 50-2000 Mc range. 
Polystrene Decade Capacitors ... feature low and 
constant loss with frequency; capacitance is essenti-
ally independent of frequency to dc; low absorption 
makes these " boxes" ideal for use in computer 
integrating circuits. 

40 Years of Plooeering 

in Electronics 



THE 

Charting the course of the future in the manufacture of 
capacitors has always been the practice at Cornell-Dubilier. 
Proof of this leadership is that capacitor developments 

originated at C-D invariably become the standards of 
comparison for the entire industry. 

Typical of these "famous firsts" are the three examples shown 
here ... proof that whatever your capacitor requirements may be, 
your needs can be filled by C-D. Write to Cornell-Dubilier 
Electric Corp., Dept. Ni ià, South Plainfield, N. J. 

C-D...45 YEARS OF FAMOUS FIRSTS 

CalstiTIEÊ11-DiPliiii.BILÉR CAPACITORS 
ePLANTS IN SO. PLAINFIELD, N. J., NEW BEDFORD, WORCESTER AND CAMDRI,, , R1AS,., PROVIC.ENCE AND 110PC VALLEY, R• ,•, 

INDIANAPOLIS. IND•I SANFORD AND'DOUAI( SPRINDS, N. C•/ SLISSIDIARV. RADLART CORP.. CLENELAND, 0..10. 

THERE ARE MORE C-D CAPACITORS IN USE TODAY THAN ANY OTHER MAKE 
See us at Booths 294 and 296, Rodio Engineering Show 

AI,, R 

always 
sets 
the 
course 

dual wax•Impregnated, 
paper tubular capacitors. 




